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1  N  A  U  G  U  R  .\  L    ADDRESS. 

By  Sir  JOll.V  Snell,   President. 

{.tiliircss  lidiiered  Jg  Oi-tofxr.  1^14.) 


Let  me  first  express  my  thanks  to  the  members 
for  the  honour  th.-»t  they  have  done  me  in  electing 
me  to  be  their  President  <or  the  ensuiiif;  year.  No 
greater  honour  can  be  conferred  by  the  Institution  on 
any  of  its  members.  I  am  fully  sensible  of  the  responsi- 
bilities which  it  entails.  So  far  as  in  me  lies  I  will  devote 
myself  to  the  interests  of  this  great  Institution,  and  to 
those  of  the  electrical  profession.  It  will  require  some 
measure  of  lortitude  to  keep  the  Sesbioii  active  under  the 
present  .ibnormal  circumstances ;  but  with  faith  in  the 
ultimate  triumph  of  our  cause,  every  corporate  body  like 
this  Iii>litution  must  persevere  in  its  normal  and  proper 
dutie>  and  must  perform  them  faithfully  and  diligently. 
Carlyle  has  said,  "  Were  he  never  so  benighted,  forgetful 
of  his  high  calling,  there  is  always  hope  in  a  man  that 
actually  and  earnestly  works — in  idleness  alone  is  there 
perpetual  despair."  Let  us  all  work  therefore,  each  in  the 
best  way  he  can,  for  the  good  of  the  King  and  country,  for 
the  good  of  the  electrical  profession,  and  for  this  Institu- 
tion, confident  that  the  increasing  influence  of  the  Mother 
Country  and  of  our  Sister  Dominions  across  the  Seas  in 
the  World's  counsels,  whether  in  scientilic  progress  or  in 
beneficent  government,  will  be  best  attained  by  each  of  us 
doing  the  utmost  he  can  to  keep  the  industry  in  which  he 
works  active  and   progressive. 

It  is  a  difHcult  task  to  write  an  address  without 
plagiarism  on  the  one  hand,  or  on  the  other  without 
invading  the  region  of  controversy.  .\  President  is  some- 
what hedged  in  in  this  respect,  for  while  he  ought  to  draw 
upon  his  accumulated  experience  so  as  to  give  from  his 
b«st  to  his  fellow-members  of  the  Institution,  it  is  difficult 
to  dilate  upon  the  results  of  such  experience  without 
lunching  upon  controversial  matters. 

My  work  for  the  greater  part  of  my  professional  life  has 
been  .imong  municipal  undertakings,  and  it  is  natural  that 
I  should  refer  to  bome  aspects  of  this  branch  of  electrical 
enterprise.  At  the  same  time,  only  to  do  that  and  nothing 
more  would  he  to  address  the  members  from  a  somewhat 
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narrow    standpoint,   grc.itly   importasu    tnougii 
work  is  throughout  the  Hritish   Kinpire. 

I  cannot,  however,  fail  to  rememlwr  that  I  owe  much  to 
the  Incorporated  Municipal  Klectrical"  Association,  on 
whose  Council  1  had  the  honour  of  ser\'ing  for  so  many 
years,  and  whose  President  I  was  in  1903-4.  In  the  work 
of  that  rapidly  growing  Association,  the  influence  of  which 
is  now  unquestioned,  and  especially  on  its  Parliamentary 
Committee,  I  served  an  apprenticeship  which  1  am  hopeful 
mav  t>e  beneficial  to  me  when  de.iling  with  the  duties  that 
lie  before  me  here.  I  have  had  suflicient  e.xpcrience  on 
the  Council  of  this  Institution  to  say  that  the  duties  of 
Members  of  Council  become  more  arduous  and  exacting 
year  by  year.  This  must  necessarily  be  so  in  such  a  body 
— the  Cabinet  as  it  ought  to  \m  of  the  electrical  profession, 
a  profession  which  is  so  catholic  in' its  nature. 

Development  is  increasing  almost  in  a  geometrical 
progression,  and  electrical  engineering  covers  a  v.ist  field 
ranging  from  the  useful  application  of  great  natural 
sources  of  power,  as  typified  in  the  utilization  of  the 
waters  of  Niagara  or  other  great  waterfalls,  to  the 
development  of  wireless  telegraphy  and  its  immeasurable 
effect  on  the  preservation  of  human  life  and  property. 

I  can  safely  say  that  the  Council  whom  the  memljcrs  of 
this  Institution  have  honoured  by  their  selection  are  pre- 
pared, in  spite  of  these  increasing  duties  which  devolve 
upon  them,  to  devote  themselves  to  the  interests  of  the 
members. 

Some  ui  us  will  remember  the  Holmes  magneto-electric 
machines  at  the  South  Foreland  and  the  Dc  Meritens 
machine  at  the  Lizard,  the  Jablochkoff  candles  on  the 
Embankment,  the  Brush  system  of  series  arc  lighting,  and 
other  early  developments  which  were  of  the  highest 
scientific  importance.  In  1879  there  was  an  Exhibition  of 
Electric  Light  Apparatus  in  the  .\lbert  Hall  under  the 
auspices  of  the  then  Society  of  Telegraph  Engineers  (the 
parent  of  this  Institution)  and  the  Council  ol  the  Ko\-al 
Albert   Hall.     At  this   Exhibition   gas-driveii   and   steam- 
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driven  electrical  sets  were  exhibited,  machines  by  Siemens, 
Gramme,  Wilde,  De  Meritens,  Holmes,  and  others  ;  and 
the  late  Sir  William  Freece  gave  a  lecture  which  is  most 
interesting  to  read  now  in  the  light  of  the  great  develop- 
ments that  have  since  taken  place. 

Looking  back  to  those  earlier  applications  of  dj'namic 
electricity,  we  cannot  fail  to  be  impressed  by  the  vast 
developments  that  have  taken  place  in  the  35  years  which 
have  passed  since  that  time.  Electrical  macliinery  of 
enormous  power  is  now  common  with  eflicicncies  of  only 
I  or  2  per  cent  short  of  the  ideal  ;  the  great  development 
and  flexibility  of  3-phasc  machinery,  the  employment  of 
very  high  voltages  over  great  distances,  the  transmission  of 
power  of  hundreds  of  megawatts,  oceanic  wireless  tele- 
graphy, wireless  telephony,  and. the  applications  of  elec- 
tricitv  in  surgery,  represent  only  some  of  the  world-wide 
applications  of  electricity  which  are  leaving  an  inefface- 
able mark  on  human  progress  and  are  helping  to  conserve 
the  available  energy  in  the  world. 

We  electrical  engineers  have  not  the  opportunities,  it  is 
true,  of  leaving  great  memorials  behind  us  so  monumental 
as  a  Sphinx,  a  Colosseum,  a  Forth  Bridge,  an  Assouan 
Dam,  or  a  Panama  Canal.  While,  however,  the  results  of 
our  work  are  not  so  monumental  in  one  respect,  I  venture 
to  say  that  the  cumulative  effect  of  the  better  utilization  of 
fuel  and  the  avoidance  of  waste,  the  harnessing  of  natural 
sources  of  power  which  would  otherwise  be  wasted,  the 
diminution  of  smoke,  the  better  facilities  of  transit,  and 
the  effect  on  housing  problems  and  public  health,  the 
swift  communication  of  news  and  its  effect  on  political 
relationships,  and  the  greater  fraternization  of  peoples, 
the  beneficent  effects  of  telegraphy  and  its  assistance  to 
those  in  distress  at  sea — all  these  have,  and  will  have,  an 
effect  on  man  and  his  progress  which  in  itself  will  be 
monumental. 

At  such  a  time  as  this,  when  the  nations  of  Europe  have 
entered  upon  what  is  the  biggest  war  yet  waged,  it  may 
seem  ironical  to  speak  of  the  "  fraternization  of  peoples.' 
We  will,  however,  hope  that  when  Peace  has  again 
brought  its  blessings  and  relief,  it  will  be  more  than  ever 
the  desire  of  the  various  nations  to  live  in  amity  and 
friendly  rivalry,  without  resort  either  to  an  enormous 
expenditure  on  armaments  or  to  this  titanic  arbitrament 
of  force,  and  that  scientific  peoples  will  assist  mankind  not 
so  much  to  develop  ingenious  weapons  of  destruction,  but 
rather  to  enable  men  to  understand  and  appreciate  more 
clearly  the  wonders  of  the  Universe. 

Electricity  enables  us  to  command  the  seas,  through 
messages  and  directions  sent  to  our  glorious  Navy,  and  to 
maintain  communications  with  distant  parts  of  this  Empire. 
We  thus  obtain  our  food  supply  and  maintain  our  trade, 
without  which  our  whole  social  fabric  would  be  paralysed. 
We  may  indeed  be  thankful  that  in  this  war  which  we  did 
not  seek,  but  which  for  our  national  honour  and  perhaps 
one  may  add  for  our  existence  as  a  great  Empire  we  were 
obliged  to  undertake,  the  discoveries  and  experiments  of 
Farada\-,  Hertz,  Preece,  Lodge,  and  Marconi,  to  mention 
only  a  few  of  those  who  have  assisted  to  develop  wireless 
telegraphy,  have  enabled  such  dispositions  to  be  made  by 
those  in  command  as,  it  may  be  hoped,  will  more  speedily 
bring  to  an  end  this  calamitous  struggle. 

I  should  like,  in  the  first  place,  shortly  to  review  some 
of  the  work  undertaken  by  the  Institution. 


Education. 

Since  the  Articles  of  Association  were  revised  in  1912 
there  has  been  a  great  increase  in  the  work  .of  the  Institu- 
tion. For  instance,  in  the  matter  of  qualifications  all 
Students  entering  the  Institution  must  now  produce 
evidence  of  general  education  ;  and  examinations  have 
also  been  instituted  for  admission  into  the  Associate 
Member  class. 

The  regulations  have  been  laid  down  on  broad  lines. 
Candidates  who  have  already  passed  certain  recognized 
examinations  are  not  required  to  sit  again  for  the  Insti- 
tution's examination,  their  diplomas  or  degrees  being 
accepted  as  exempting  them  from  further  examination. 
Others  who  have  taken  degrees  which  demonstrate  their 
general  education  are  only  required  to  take  the  second 
part  of  the  Institution's  examination,  i.e.  the  engineering 
section.  Others  again  who  can  demonstrate  their  general 
engineering  knowledge  by  presenting  a  thesis  on  some 
applied  electrical  subject  are  not  required  to  take  the 
Institution's  examination  provided  that  the  thesis  pre- 
sented is  of  sufficient  merit,  and  that  the  candidate  may 
also  be  orally  examined  on  the  subject  of  his  thesis. 

By  these  means  the  status  of  electrical  engineers  will 
become  more  assured.  At  present  anybody  may  call 
himself  an  electrical  engineer  whether  qualified  or  not, 
and  it  should  be  one  of  the  objects  of  the  Institution  to 
ensure  to  the  public  that  all  corporate  members  of  this 
Institution  are  properly  qualified. 

In  the  Institution  of  Civil  Engineers  the  effect  of  more 
stringent  requirements  and  of  examinations  has  been 
undoubtedly  good.  The  diploma  is  much  sought  after, 
and  that  Institution  has  now  the  privilege  of  nominating 
some  of  its  corporate  members  for  Commissions  in  tlie 
Royal  Engineers  and  for  positions  in  some  of  the  Govern- 
ment Engineering  Departments.  In  the  course  of  time 
the  Institution  of  Electrical  Engineers,  too,  will  be 
recognized  in  a  similar  manner,  and  I  feel  that  the  steps 
taken  by  the  Institution  will  prove  of  the  greatest  value 
in  time  to  all  the  members,  and  will  have  a  beneficial 
effect  on  the  status  of  the  electrical  engineer. 

We  have,  in  my  opinion,  a  great  duty  to  perform  in 
insisting  on  a  wider  education  being  given  to  the  rising 
generation.  As  Dr.  Unwin  remarked  in  ipti,  "  It  is 
no  doubt  .  .  .  due  in  part  to  the  narrow  and  unscienlific 
character  of  secondary  and  university  education  in  this 
country,  that  until  recently  the  education  and  training  of 
engineers  has  been  so  unacademic  and  unsystematic.  ' 
We  have  now  recognized  the  necessity  of  requiring 
certain  minima  of  acquirements  in  each  candidate  for 
admission  to  our  corporate  membership.  We  have  en- 
deavoured to  combine  practical  training  with  academic 
training ;  a  reasonable  blend  of  both  being  what  is 
wanted.  I  think  that  the  requirements  of  the  Institu- 
tion will  guarantee  this  result. 

Papers  Committee. 

The  Council  have  also  taken  steps  to  improve  the 
arrangements  for  the  selection  and  reading  of  papers. 
We  shall  gradually  have  ready  before  each  new  session 
a  co-ordinated  programme  of  the  papers  to  be  read  in 
London  and  at  the  Local  Sections.  It  is  hoped  that 
this   will   prove   a  great   convenience   to   members,  as   it 


SNELL:    INAl'GrKAI.    ADDKKSS. 


will  citable  particular  subjccl*  in  which  Ihey  nuv  lie 
inlrrrsiril  l»  he  iiolctl  III  )^ui>il  liiiic  vvilh  a  view  to  ilialdll^ 
pi  s    tot    u    NOiiiid    cuiitribulioii    to    the    (jciicrul 

<1. 

1  use  lliiMtppurliiiiitv  to  uni\.\  :iiul  I  desiie  to  encourage, 
the  yuuii(>cr  uiciiilHrrs  to  tukc  their  p.irt  ul>o  in  the  discus- 
siou«  when  the  puper  deals  with  a  subject  in  which  they 
have  had  some  particular  experience.  The  object  of  read- 
\t\H  .1  paper  is  not  onlv  to  l.iv  Inrforc  tlie  members  the 
experience  of  the  author,  but  also  to  induce  a  discussion 
which  will  ventil.ite  the  subject  thorouf^hly  and  thus 
diffuse  knowledge. 

Sectional  CosamiTTEKS. 

SiciuMi.ii  (.ommittces  have  been  appointed  by  the 
Council,  each  de.ihii)>  with  a  particular  br.incli  of  elec- 
trical cnfiiiieerinf;.  so  that  subjects  for  papers  can  be 
considered,  authors  invile<l  to  submit  papers,  and  dis- 
cussions arrani^cd. 

Kksi^akch. 

The  Institution  has  now  also  taken  up  research.  Here  ' 
again  valu;ible  work  cm  tie  done  for  the  industry,  and  we 
are  most  grateful  to  those  memliers  who  give  so  freely  of 
their  time  to  this  work.  Any  results  must  necessarily  take 
time  to  rc:dize,  but  I  am  confident  that  they  will  be  forth- 
coming, and  that  they  will  be  of  great  value.  \Vc  also  , 
feel  grateful  to  the  National  Physical  Laboratory  for  its 
valuable  co-operation  in  this  work.  ^ 

I\Di;sTRiAL  Committee. 

Much  criticism  has  been  levelled  against  the  Council  on 
account  of  the  formation  of  a  short-lived  Industrial  Com- 
mittee and  its  subsequent  disbandnient.  It  is  really  a  very 
dilticult  matter  to  deal  with,  niucli  more  so  than  critics 
appreciate.  Some  of  the  matters  referred  to  this  com- 
mittee were  of  a  controversial  nature,  and  lo  give  decisions 
on  controversial  subjects  affecting  two  sections  of  the 
industry  which  may  happen  to  be  opposed  in  their  views 
must  necessarily  involve  serious  and  sometimes  insuper- 
able difficulties. 

In  my  opinion  there  must  be,  apart  from  the  Institution, 
separate  bodies  who  will  deal  with  their  own  immediate 
and  particular  interests.  The  Incorporated  Municipal 
Klectrical  Association,  for  instance,  deals  particularly 
with  municipal  interests,  and  has  done  and  is  doing 
splendid  work.  The  British  Electrical  and  Allied  Manu- 
facturers' Association  deals  with  the  commercial  and 
industrial  details  of  the  great  electrical  manufacturing 
interests  and  has  become  a  powerful  organuation.  The 
Klectrical  Contractors'  Association  again  deals  with  the 
contracting  side  of  electrical  work,  more  particularly  con- 
sumers' installations  ;  the  Tungsten  Lamp  Association  with 
metal  lamps ;  and  the  Power  Companies  have  their  own 
interests  to  watch,  and  so  forth.  In  certain  cases  the  in- 
terests of  two  of  these  bodies  may  be  diametrically  opposed, 
.iiid  yet  the  members  of  most  of  them  are  united  within 
ihis  Institution.  In  view  of  this  possible  conflict  of 
interests,  it  would  obviously  be  impossible  for  the 
Institution  to  exercise  functions  such  as  those  which  the 
various  sectional  Associations  so  successfully  carry  out, 
each  one  from  the  point  of  view  of  the  particular  section 
of  the  electrical  profession  which  it  represents.     On   the 


iiihei  hand  the  lii^dtutton  mast  adopt  not  only  a  ^vu- 
pathetic  altitude  tiiwaiits  each  and  all  of  them,  but  alwj 
l>e  leady  to  help  them  or,  if  aske<l  by  the  parties  them- 
selves, to  arbiti.ile  Iwlwt-eii  i*i<-in. 

'I'lieie  IS  this  t  II  the  Institution 

and  any  one  of  tin  The  Institulion 

has  to  consider  electrical  progress  u  a  whole,  while 
on  the  other  hand  each  .\ssocialion  has  its  own  particular 
sectional  interest  to  advance.  One  can  under st4nd  a  |m>si- 
tioii  aiising  in  which  (  '''.'.'■  \     ■i- 

ciation,  in  oider  to  pi  - '  d 

tcm|v>rarilv  (it  would  ol  cuuim;  only  lie  loi  tlic  liiiic 
being)  to  oppose  the  introduction  of  some  unproved  design 
of  machine.  The  Institution,  however,  untrammelled  by 
any  sectional  interest  and  desirous  ol  advancing  electrical 
interests  generally,  would  be  rightly  expected  to  encourage 
any  such  improvement.  It  is  in  that  sense  that  there  must 
be  sectional  associations  apart  from  the  Institution,  and 
that  tlie  Institution  must  maintain  a  broad  and  impartial 
outlook  over  the  whole  profession  and  elcctric-al  industry. 

We  ought  also  to  be  well  informed  on  all  legislative 
matters  affecting  the  use  of  electricity,  to  be  prepared  to 
assist  Government  Departments  when  required,  and  to 
make  representations  to  them  when  necessary  in  the 
interests  of  electrical  development. 

The  Council  defined  their  attitude  towards  such  interests 
in  their  last  Annual  Report,  wherein  it  was  stated  that  "the 
Council  will  in  future,  as  in  the  past,  within  the  provisions 
of  the  Memorandum  of  Association,  take  such  action  in 
respect  of  legislative  or  industrial  matters  as  may  conduce 
to  the  general  advancement  of  electricity  and  its  applica- 
tions, and  will  give  full  consideration  to  any  representa- 
tions made  to  them  while  preserving  impartiality  to  all 
sections  of  the  electrical  industry."  I  think  all  members, 
except  perhaps  a  few  extreme  sectarians,  will  desire  that 
the  Council  should  preserve  an  absolute  impartiality 
towards  all  sections  of  the  profession ;  but  that  must 
not  be  interpreted  as  standing  aloof  and  doing  nothing 
to  promote  the  interests  of  the  profession  as  a  whole. 

I  think  some  organization  can  be  created  which  will 
be  constantly  ready  to  consider  any  question  that  may 
arise  from  among  the  many  sectional  interests  which 
the  Institution  incorporates.  The  most  flexible  organiza- 
tion that  I  can  suggest  is  the  formation  of  a  standing  Ad- 
visory Committee,  composed,  say,  of  the  President,  three 
Past  Presidents,  and  three  Members  of  Council.  There 
must  be,  lirst,  some  continuity  of  action  on  the  part  of 
such  a  Committee,  and  that  is  why  I  suggest  that  some 
of  its  members  should  be  Past  Presidents,  otherwise  the 
Committee  would  be  continually  changing  in  its  personnel. 
On  the  other  hand,  three  Members  of  Council  and  the 
President  for  the  tune  being  would  bring  in  fresh  blood. 
This  standing  .Vdvisory  Committee  might  be  given  power  to 
add  to  its  number,  choosing  from  among  other  members 
of  the  Institution.  I  do  not  know,  of  course,  how  this 
suggestion  will  commend  itself  to  the  Council,  and  it  must 
be  understood  that  I  am  only  expressing  my  own  opinion. 

Suppose  a  Government  Hill  be  biouglit  m  to  amend  the 
Electric  Lighting  Acts,  I  would  suggest  that  the  draft  Bill 
should  be  referred  to  the  Advisory  Committee  for  report,  the 
Committee  thus  acting  also  as  a  Parliamentary  Committee. 
A  few  outside  CVirporate  Members  or  Associates  would 
be  invited  to  join  them  .i.f  Aiv,  and  so  a  strong  coiuiuiltec. 
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including  these  specially  co-opted  members,  would  deal 
with  the  particular  subject  ;  and  when  the  particular  work 
was  done  the  co-opted  Members  or  Associates  would  be 
released  from  their  duties,  though  the  nucleus  Committee 
would  remain. 

Or  again,  suppose  a  difticulty  were  to  arise  between 
two  sectional  Associations,  and  suppose  the  Council  were 
invited  by  them  to  compose  the  difficulty.  T!ie  Advisory 
Committee  would  again  invite  certain  members  fully  experi- 
enced in  the  subject  in  dispute  to  join  them  for  the  time 
being  ;  and  thus  the  best  thought  would  be  brought  to 
bearon  the  subject.  Conferences  with  both  parties  could 
be  held,  and  it  may  be  hoped  that  either  a  fair  compro- 
mise would  be  arranged  or  a  direct  report  made  to  the 
Council  that  some  definite  attitude  should  be  adopted  by 
them  and  that  tlie  Institution's  influence  should  be 
directed   in  some  specific  direction. 

The  ultimate  power  to  act  must  of  course  rest  with  the 
Council,  who  clearly  cannot  delegate  their  powers  and 
responsibilities  to  another  body.  Much  time  would  have 
to  be  given  by  this  Committee  to  the  interests  of  the 
Institution  in  order  to  do  effective  work,  and  the  duties 
would  certainly  be  heavy ;  but  if  the  result  is  likely  to  be 
good  there  are  many  among  us  who  would  give  our 
services  freely. 

In  my  experience  it  has  always  been  the  desire  of  the 
Council  not  only  to  get  thoroughly  representative  members 
elected  from  every  branch  of  our  industry,  but  also  so  far 
as  is  possible  to  have  proper  regard  to  geographical  dis- 
tribution. It  must  not  be  forgotten  in  the  latter  case  that 
each  Local  Section  sends  its  Chairman  and  its  immediate 
Past  Chairman  to  the  Council.  Thus  geographical  dis- 
tribution is  to  this  extent  at  once  assured,  though  of 
course  other  provincial  members  are  often  nominated  and 
elected  to  the  Council.  On  the  other  hand,  members 
living  at  a  distance  cannot  give  that  continuity  of  atten- 
dance which  is  necessary  for  effective  work.  The  greater 
part  of  the  work  must  thus  necessarily  fall  on  members 
residing  around  London,  and  in  the  Advisory  Committee 
which  I  have  outlined  the  nucleus  would  probably  have 
to  be  formed  from  London  members  ;  but  specially 
co-opted  members  could  be  drawn  from  any  district. 

I  am  convinced  that  every  one  of  us  is  anxious  to  devote 
himself  to  the  general  well-being  of  the  Institution  and 
its  members  so  long  as  the  Council  maintain  a  broad  and 
impartial  outlook  over  the  interests  of  the  whole  and  do 
not  allow  their  judgment  and  influence  to  be  weakened 
or  narrowed  by  sectarian  interests  to  the  possible  injury 
of  the  general  community. 

Organized  Lectures. 
It  has  been  suggested  that  the  Institution  could  do 
good  work  by  organizing  lectures  in  various  parts  of  the 
country  so  as  to  educate  people  in  the  applications  of 
electricity  to  various  kinds  of  industrial  power,  or  in  the 
advantages  of  electric  hghting  or  of  electric  heating  and 
cooking.  I  do  not  for  a  moment  say  that  all  proper 
means  to  develop  the  use  of  electricity  should  not  be 
adopted,  but  it  would  seem  from  my  past  experience  that 
lectures  and  demonstrations  can  be  best  dealt  with  by 
local  organizations,  such  as  the  municipal  and  company- 
owned  electricity  undertakings  and  their  commercial 
departments.     I  think  they  are  then  more  effective. 


A  good  deal  of  work  is  undertaken  which  might  appear 
at  first  sight  to  be  abortive.  For  example,  in  191 1  the 
Council  were  invited  to  form  a  Textile  Committee  to  in- 
vestigate the  subject  of  the  electric  driving  of  textile  mills, 
and  some  of  us  took  considerable  pains  to  get  in  touch 
with  the  Textile  Institute  and  became  members  of  it. 
The  Committee  was  duly  formed  from  the  two  Institutions 
with  the  object  of  iiiquiring  into  the  question  and  seehig 
whether  a  report  llien  just  issued,  and  rather  advocating 
steain  driving  to  the  exclusion  of  other  systems,  was 
founded  on  sound  observations  and  results.  We  had 
several  meetings  in  Manchester,  but  they  came  to  nothing 
and  the  Joint  Committee  was  disbanded.  Wliy  ?  Because 
the  Textile  Institute  desired— and,  I  think,  quite  properly 
— to  cover  a  wider  field  and  to  inquire  into  the  relative 
merits  of  all  available  prime-movers,  whether  electrical, 
steam,  gas,  or  oil.  The  work  of  the  Joint  Committee, 
however,  was  not  in  vain:  it  awoke  the  Textile  Institute 
to  action  in  this  respect,  and  in  the  meantime  several  mills 
had  changed  over  to  electrical  driving  and  the  results  of 
their  experience  formed  a  better  advertisement  than  a 
report  from  any  Joint  Committee. 

Model  General  Conditions. 
One  good  piece  of  work  has  been  recently  accomplished 
by  the  issue  of  the  new  "  Model  General  Conditions  for 
Contracts."  It  involved  the  special  Committee  appointed, 
as  well  as  the  Council,  in  an  immense  amount  of  work. 
There  were  protracted  negotiations  with  bodies  like  the 
Manufacturers'  Association,  the  Municipal  Electrical 
Association,  and  the  Association  of  Municipal  Corpora- 
tions ;  also  drafting  and  re-drafting  by  counsel,  as  well 
as  other  labours.  I  myself  think  that  these  Conditions 
estabUsh  a  very  fair  relationship  between  the  Purchaser, 
the  Contractor,  and  the  Engineer,  respectively  ;  and  it 
may  be  hoped  that  they  will  find  general  acceptance 
and  adoption. 

Remuneration  of  Young  Engineers. 

In  what  way  can  the  Institution  help  the  younger  men  ? 
The  Council  have  been  asked  at  various  times  to  assist 
in  finding  positions  for  their  younger  brethren  and  to 
regularize  and  improve  the  status  and  pay  of  young 
engineers.  In  a  general  way,  and  in  time,  the  improve- 
ment in  the  status  of  Associate  Members,  due  to  the  system 
of  examinations  and  the  qualifications  now  necessary,  will 
have  a  good  effect  in  this  direction.  I  do  not  see,  how- 
ever, that  the  Institution  can  very  well  become  either  a 
Trades  Union  or  even  a  Labour  Bureau. 

That  there  are  serious  causes  for  complaint  from  the 
younger  electrical  men,  I  am  certain.  Let  us  look  for  a 
moment  at  some  of  the  causes.  One  of  them  is  supply  and 
demand.  If,  for  example,  a  vacancy  for  a  junior  occur  in 
a  power  station,  the  moment  the  post  is  advertised  there  is 
a  crowd  of  applicants,  with  the  result  that  the  next  time  a 
similar  vacancy  occurs  the  salary  offered  is  sometimes  less 
than  before.  That,  undoubtedly,  is  one  cause  of  low 
salaries.  I  would  ask  fellow-members  who  are  Heads  of 
Departments  to  do  this— to  give  so  far  as  is  reasonable  and 
proper  a  preference  to  applicants  who  belong  to  the 
Institution  (in  a  very  short  time  this  qualification  should 
be  indispensable)  ;  and  in  fixing  salaries  do  not  think  so 
much  of  recording  a  small  fraction  of  a  penny  less  per  unit 
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M>l(t  on  (III-  >  U.  I*ul   iciiiriiil>cr  lii>t  tlul  wc  wcir 

all  at  one  In  >,   tlul   tlic   piicr   uf   living  Ii4'>  ((oiic 

up  and  Ik  coint;  up,  and  thai  llic  l>c>i  citii  l>c  cx|H^ctir«l 
(ruin  a!!>i>--i^  ■Illy  if  he  i»  adequately  (uid,  and  if  leaMJii- 
ableop.  -<  for  advaiiccinenl  itre   held  oul  tu  him. 

I  know  II  l^  iiiiiK'ull,  lH>cau>e  eiit;iiie«rs  and  iiuiu^c-r*  .ire 
IMI  ulwav«  able   alone  lo  deal  willi   mkIi    mallei s.     There 
at ,    ".  ■ 
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oi!  ilo  )*oocl  itorvice  to  their  vouii|;cr  brethren  ii 

tin 

Another  cau!>e  in  many  cases  has  been  the  want  of 
thorough  trainin); — sometimes  too  much  tunc  has  been 
spent  on  theoretical  trainui);  and  not  enough  on  practical 
work^-or   in   other   ca>c>   thcic    h.is   been    w  ex- 

perience without  pro)vi    .M    vtillicicnl   techiK^  ng. 

This  want  >  '  v   t>eiiig   put  nghi,   iliuiiks 

to    the     Ci>  ot     our     universities    and 

technical  colleges. 

I  hope  that  as  the  result  of  the  various  remedial  forces 
now  at  work  the  remuneration  of  electrical  engineers 
during  the  earlier  stages  of  their  career  will  >oon  be 
improved. 

Natioxal  Skrvice. 

It  is  fitting  that  I  should  refer,  in  such  times  as  these,  to 
tl.i  '  and  1o\mI  response  made  by  hundreds  of  our 

nu  the  call  of  our  Sovereign  and  to  the  defence 

of  the  Empire. 

When  our  immediate  Past  President,  who  rendered  most 
patriotic  and  untiring  service  to  this  cause,  circularized  the 
members  of  the  Institution  at  the  instance  of  the  specially 
appointed  National  Service  Committee,  a  very  large 
number  of  our  members  of  all  classes — nearly  500 — offered 
their  services.  A  very  large  majority  volunteered  either 
for  service  at  home  or  abroad.  Acting  in  company  with 
the  President  and  Secretary  of  both  the  Institution  of  Civil 
Engineers  and  the  Institution  of  MechaiiicalKngineers.it 
was  first  suggested  that  these  three  Institutions  should 
form  an  "Engineering  Institutions"  Battalion  for  service 
in  the  field,  and  that  we  should  clothe,  house,  feed,  and 
train  the  recruits,  so  that  when  ready  the  battalion  could 
be  handed  over  to  the  War  Office  in  a  condition  of  com- 
plete readiness.  The  Institutions  of  Civil  and  of  Mechanical 
Engineers  readily  gave  the  weight  of  their  influence  to  the 
movement,  and  in  our  own  case  we  arc  particularly  in- 
debted to  one  of  our  members,  Major-General  K.  M.  Ruck, 
C.B.,  K.E..  for  his  invaluable  counsel  and  assistance  and 
for  his  influence  at  the  War  Office. 

There  then  came  an  unexpected  proposal  that  the  three 
principal  engineering  Institutions  should  recruit  the 
Engineer  I'nits  for  the  Royal  Naval  Division,  just  then 
authorized  to  be  formed.  The  response  from  members  of 
all  classes  of  all  three  Institutions  was  so  spontaneous  that 
the  corps  was  formed  within  a  few  days  by  men  not  only 
of  splendid  physique  but  also  of  highly  skilled  intelligence, 
professional  men  trained  in  various  branches  of  engineer- 
ing, and  forming  a  personnel  of  the  highest  value  to  the 
Admiralty.  All  three  Institutions  owe  Mr.  W.  Uuddell, 
F.R.S.,  Mr.  A.  P.  Trotter  (who  was  one  of  the  originators 
of  the  movement*,  Mr.  Kolxrt  Hammond,  Colonel  D.  E. 
Ruck,  RE.,  our  Secretary,  Mr.  Rowell.  and  the  SUff  of  the 
Institution,  who  were  all  indefatigable  in  their  labours  as 
recruiting  agents,  a  great  and  lasting  debt  for  their  untiring 


em  lliu  luyol   uiuvcnieiil 
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It  IS  not  the  first  time  llial  this    Inktiluliun   has   breii 

iiitt,  ,...,r-,,i  ,1  III  khowiiii'  '•-  !..>  .iiv  I.......  u;,i,,i  jud  lo  iiic 

Ini;  c.     In  |K</  J  Volunteer 

SeiMti'  '  ■■   '■  on  wip.  'lie  Dr. 

lohii    II  niv    old  I    and 

If 

lielure     i  his     I'resulential     .\ildress  d 

the   sugj;  I  iblishment    of   the  Corps   ol    i  j| 

Enginecrs(K.E,)  Volunteers.  A  few  days  later  a  circular  was 
addressed  to  all  the  then  ineml>ers,  associates,  and  studcntk, 
resident  in  Great  Britain  and  Ireland.  When  the  replies 
lud  l)ccn  received  a  schciii'  i-r 

Service  Committee  and  wa  I 

State  for  War.     The    -^  c 

had  appointed  a  snull  i  .0 

the  question,  and  in  June  IN/)  a  meeting  took  place  at  the 
Horse  Guards  between  this  Dcpartmcnlal  Committee  and 
the  institution's  Volunteer  Service  Committee.  Their 
joint  recommendations  were  subsequently  approved  by 
the  Secretary  of  State,  provision  was  made  in  the  Army 
Estimates,  and  Dr.  John  llopkinson  was  appointed  to  be  the 
first  commanding  officer.  The  first  training  took  place  in 
the  autumn  of  1H97,  and  during  the  following  year  over 
100  volunteers  were  enrolled. 

At  a  Council  meeting  held  in  October  1897,  it  was  agreed 
that  in  view  of  the  desirability  of  this  Corps  remaining 
identified  with  the  Institution  certain  official  a.ssistancc 
should  be  given  by  the  Council.  Later,  at  the  time  of 
the  South  .■Vfrican  War,  the  Corps  having  volunteered  to 
provide  a  contingent  for  active  service  in  South  .\frica, 
and  this  offer  having  been  accepted  by  the  War  Office, 
the  Council  appointed  an  Advisory  Committee  consist- 
ing of  Professor  J.  Perry,  Mr.  R.  P.  Sellon,  and  Mr.  Alex- 
ander Siemens,  to  assist  Lord  Kelvin,  then  the  Honorary 
Colonel,  and  Colonel  (then  Major)  Crompton,  who  was  in 
command,  in  the  purchase  of  field  plant.  Members  of  the 
Institution  subscribed  towards  this  fund,  and  in  1900 
the  fully  equipped  contingent  embarked  at  Southampton 
for  South  Africa  and  served  their  country  in  that  campaign. 
No  less  than  330  out  of  a  total  strength  of  500  did  their  p.irt 
in  this  way. 

The  Electrical  Engineers  (Territorial)  R.E.  battalion  is 
in  the  King's  service  to-day,  and  the  members  of  it  are  on 
duty  under  the  command  of  my  old  friend  Lieut. -Colonel 
l,e  Rossignol,  R.E.,  at  several  of  our  important  defence 
works.    It  was  only  the  other  day  that  one  of  tl-.c  i 

the  Corps  wrote  to  ask  mcif  the  Institution's  infli.'  ..d 

be  exerted  to  enable  some  of  them  to  go  to  the  front— over 
70  fier  cent  of  the  officers  and  men  having  volunteered 
for  active  service.  When  the  time  is  ripe  for  it,  we  shall 
without  doubt  do  all  we  can  to  assist.  Many  of  our 
members  arc  also  serving  in  the  Signalling  Corps  of  the 
London  Army  Troops  under  Colonel  E.  H.  I 
men  able  to  utilize  their  skilled  experience  in  : 
and  wireless  services. 

Many  others  of  our  members  have  also  joined  other  regi- 
ments. The  Institution  will  be  proud  not  only  of  its  own 
Battalion  of  Electrical  Engineers  and  of  those  electrical 
engineers  ser\-ing  with  the  Signalling  Corps  and  elsewhere, 
but  will  feel  great  pride  also  in  the  members  who  have  so 
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freely  volunteered  for  the  Kngineer  Units  of  the  Royal 
Naval  Division.  Let  us  wish  them  all  from  our  hearts 
God-speed,  and  may  their  skilled  services  be  of  the  greatest 
assistance  to  our  forces  and  the  greatest  confusion  to  the 
enemy.  When  they  come  back,  having  done  their  duty  as 
we  know  they  will,  we  shall  want  to  show  them  in 
appropriate  ways  how  proud  wc,  as  tlieir  fellow-members, 
are  of  them.  May  we  not  begin  by  recording  all  their 
names  on  an  Institution's  Roll  of  Honour? 

Legislation. 

Let  me  next  review  shortly  the  position  of  electrical 
legislation.  It  is  well  known  that  the  Electric  Lighting 
Act,  1882,  is  the  parent  Act  affecting  our  industry,  altered 
in  one  most  important  particular  by  the  Act  of  1888,  that 
is,  in  the  period  during  which  a  Provisional  Order  is 
operative,  and  extending  the  date  of  purchase  on  "  then 
value"  terms  from  21  to  42  years.  This  1882  Act  as 
amended  in  188S  gives  any  electrical  undertaker  not  being 
a  local  authority  a  franchise  for  42  years,  and  contains  a 
number  of  clauses  protecting  existing  interests  and  con- 
sumers' interests  both  as  to  supply  and  as  to  price.  It  was 
strictlv  parochial,  afforded  no  facilities  for  giving  a  supply 
outside  the  specified  area,  or  for  co-operation  with  other 
electrical  authorities. 

The  various  later  Power  Company  Acts  gave  wider 
powers  both  as  to  area  and  as  to  facilities  to  those  com- 
panies, though  otherwise  partially  restrictive,  since  a 
supply  was  to  be  given  mainly  for  power  purposes  and 
only  for  lighting  to  a  limited  degree  with  the  consent 
of  authorized  distributors,  or  in  later  Acts  up  to  an  amount 
not  exceeding  10  per  cent  of  the  total  energy  supplied  for 
power.  Provision  as  to  bulk  supplies  to  authorized  under- 
takers was  incorporated  in  these  Acts.  Then  followed  the 
190S  (London  Electric  Supply)  Act.  viihich  afforded  facilities 
for  carrying  transmission  mains  across  intervening  areas, 
with  an  appeal  to  the  Board  of  Trade  in  case  of  unreason- 
able refusal  on  the  part  of  any  local  authority.  In  this  Act 
authorized  undertakers  were  enabled  with  the  approval  of 
the  Board  of  Trade  to  enter  into  agreements  for  mutual 
assistance  in  the  giving  and  taking  of  a  supply  of  energy 
and  in  the  distribution  of  such  a  supply,  and  also  in  the 
management  and  working  of  generating  stations  or  any 
parts  of  the  several  contracting  undertakings,  as  well  as  in 
financial  adjustments  consequent  upon  such  agreements. 
Protection  was  also  afforded  by  this  Act  to  undertakers  in 
the  supply  to  premises  having  a  separate  and  independent 
source  of  generation. 

The  iQOQ  Act  was  then  passed,  which  gave  authorized 
undertakings  a  right  to  supply  outside  their  area  and  on 
it-  fringes,  and  to  supply  in  bulk — that  is,  to  co-operate 
with  other  authorities,  and  to  supply  consumers  whose 
premises  or  systems,  such  as  canals,  railways,  and  tram- 
ways, were  partly  within  and  partly  without  the  area  of 
supply.  The  stand-by  clause  was  also  by  this  Act  made 
obligatory  upon  all  past  or  future  undertakings,  and  con- 
stitutes a  protection  to  all  authorized  suppliers.  Greater 
flexibility  is  thus  now  given  to  electric  suppliers  than 
formerly,  but  no  case  has  of  course  yet  arisen  from  which 
an  indication  can  be  gleaned  of  what  will  be  the  interpre- 
tation of  the  terms  of  purchase.  Tramways  purchase  pro- 
cedure will  no  doubt  have  some  effect  on  the  interpretation 
to  be  then  given,  and  this  is  that  the  value  must  be  that  to 


the  seller,  based  on  the  cost  of  replacing  the  plant  and 
mains,  etc.,  as  they  are  at  the  time  of  purchase,  but 
reduced  by  an  amount  for  depreciation  having  regard  to 
the  then  ages  and  the  estimated  useful  lives  of  the  com- 
ponent parts.  The  Electric  Lighting  Act  terms  are,  how- 
ever, enlarged  as  compared  with  the  tramway  terms, 
though  the  basic  principle  will  be  no  doubt  somewhat 
the  same,  in  that  allowance  has  to  be  made  for  the 
undertaking's  being  in  a  condition  ready  to  supply, 
and  an  allowance  for  severance  has  to  be  made  if  the 
municipal  and  electrical  areas  are  not  the  same.  Thus 
some  difficulties  will  no  doubt  arise  when  the  purchase  of 
the  earlier  undertakings  falls  in  in  1924,  and  there  will  be 
plenty  of  work  then  for  the  Bar,  and  also  for  a  few  of  our 
members. 

Except  in  the  further  facility  needed  to  allow  undertakers 
to  establish  sliowrooms  and  to  let  fittings  on  hire,  with  due 
regard  to  the  interests  of  electrical  contractors,  one  does 
not  see  that  much  improvement  can  be  suggested  on  the 
present  laws  affecting  the  supply  of  electricity. 

In  spite  of  what  I  have  said,  I  feel  that  the  suggested 
Advisory  Committee  might  review  the  present  legislative 
position,  compare  it  with  the  legislation  affecting  water  and 
gas  undertakings,  and  see  whether  there  are  any  further 
facilities  or  improvements  which  could  be  enacted,  such  as 
the  "protection  of  property"  clause,  for  example. 

Items  such  as  the  hiring-out  proposals,  facilities  for 
wayleaves  where  consent  is  unreasonably  withheld,  and  so 
forth,  are  matters  for  the  consideration  of  such  a  Parlia- 
mentary Committee. 

It  is  unfortunate  that  the  electrical  profession  has  not 
some  members  in  Parliament  to  represent  it.  As  things  go 
nowadays,  unless  there  is  at  least  one  active  Member  to 
voice  the  wishes  of  a  particular  industry  in  Parliament, 
there  is  owing  to  pressure  of  other  Parliamentary  require- 
ments small  chance  of  any  useful  measure  being  speedily 
passed.  Perhaps  a  few  of  our  members  will  volunteer  and 
offer  themselves  at  future  elections. 

The  Electric  Lighting  Bill  which  it  is  the  desire  of  the 
Municipal  Association  to  have  placed  on  the  Statute  Book 
is  one  of  very  great  importance  to  the  whole  industry. 
The  Bill,  as  now  drafted,  is  receiving  the  support  of  the 
Manuf.acturers'  Association,  but  I  understand  that  the 
Contractors'  Association  does  not  approve  of  it.  I  have 
carefully  read  the  Bill,  and,  speaking  from  an  entirely 
detached  and  independent  position,  I  cannot  feel  other- 
wise than  that  non-agreement  is  regrettable  and  contrary 
not  only  to  the  public  interests,  but  to  the  interests  of  the 
contractors  themselves.  Contractors  will  not  be  competed 
with  by  the  supply  authority  in  any  wiring  contracts, 
since  the  proposal  is  that  undertakers  "shall  not  themselves 
execute  the  wiring  of  private  property,"  but  they  will  be 
placed  in  competition  undoubtedly  in  "  providing,  selling, 
letting  on  hire,  fi.xing,  repairing  and  maintenance  of 
fittings,  apparatus  and  appliances  for  lighting,  heating, 
and  motive  power,"  though  there  are  proper  safeguards 
to  prevent  the  public  authority  from  undercutting 
contractors. 

I  am  not  of  course  in  possession  of  what  negotiations 
have  taken  place  between  these  two  important  electrical 
associations,  nor  do  I  know  what  are  the  actual  matters 
outstanding  which  prevent  them  from  arriving  at  agree- 
ment.    I  suppose  that  supply  authorities  do  not  want  to 


S\TM    •    IV AI'('.I*K'M      \l)t)K'KSS. 


mukt'  [>ii>lilN  Kill  i>(  llic  ^4U•^  «>l  .ij>)>,ii  .ilu^  ^..  mm  11  .i> 
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tc  ,  in  tlic  inoM  lu\uiiijhlc  |H>sition.  Surely  4  rcaMiiiahlc 
L  oiiipi  uiiU!>c  could  be  .unvcd  at  wliicli  wuuUl  be  mutually 
advanuccous.  lucrcjiM?  of  business  should  [te  (tic  first 
dirct'l  rrsult  o(  the  passing  of  a  Hill  of  this  nature,  and 
theielurc  more  wirm^'  contiacts. 

This  IS  a  case  where,  m  the  public  inlercst  and  in  the 
)<eiieral  interest  of  the  whole  electrical  lnllu^lry,  the  addi- 
tion of  such  a  measure  to  the  existing  Klectiic  l.i^htiii^ 
Acts  would  appear  to  be  of  immense  value  to  all  interests 
— municipal  or  company  undertakings,  manufacturers,  and, 
in  my  opinion,  contractors.  A  wjv  should  be  found  to 
pass  it  in  a  form  which  would  brinj>  the  greatest  lienefits 
to  contractors  .is  well  as  to  the  supply  authorities. 

Let  me  now  turn  for  a  time  to  M>me  of  the  problems 
which  are  constantly  before  us  and  with  which  one  is  often 
called  u|H)n  to  deal.  There  are  three  items  which  may 
perhaps  be  usefully  discussed,  though  I  can  on  this  occa- 
sion only  deal  with  them  very  briefly.  They  are  :  (i)  Hulk 
supply  ;  (a)  Domestic  electricity  ;  and  (3)  Probable  future 
prices  to  consumers. 

Bilk  Si'pply. 

Take  first  the  question  of  bulk  supply.  I  do  not  u-ant 
now  to  enter  into  the  matter  controversially,  and  will  deal 
only  with  what  I  think  are  facts.  There  is  no  doubt,  were 
we  beginning  anew,  that  instead  of  each  small  local 
authority  putting  down  an  independent  power  station, 
considerable  waste  of  money  and  fuel  would  be  avoided 
by  establishing  one  large  system  for  several  adjacent 
areas  supplving  energy  to  each  smaller  area  for  local 
distribution.  Even  in  some  cases  where  there  are  existing 
small  power  stations,  some  of  them  unfavourably  situated 
for  cheap  generating  costs,  it  would  probably  pay  to  extend 
one  of  the  better  placed  stations  only  and  to  supply  the 
others  therefrom  rather  than  to  extend  each  local  station 
from  time  to  time. 

1  have  a  case  in  point  where  there  are  four  smaller 
electrical  areas  abutting  on  one  larger  area,  all  within  a 
radiu>  of  six  miles  and  each  having  its  separate  plant.  In 
each  of  these  smaller  places  the  power  stations  are  not 
favourably  situated  either  for  coal  supply  or  for  water  ;  the 
fifth  and  largest  place,  however,  has  a  waterside  station. 
In  this  case,  concentration  at  the  larger  station  with  the 
consequent  advantages  of  larger  units  of  plaitt,  smaller 
capital  outlay,  and  cheaper  costs  of  production,  would  far 
outweigh  the  extra  costs  of  transmission  cables  and  trans- 
former plant  and  the  losses  in  tran>forination.  Unfortu- 
nately, however,  there  are  the  somewhat  narrow  views  of 
some  of  the  local  engineers  and  local  councils,  which  prove 
to  be  serious  obstacles.  This  is  regrettable,  for  in  this 
particular  case  the  extension  of  each  little  system  entails 
waste  when  compared  with  the  alternative  scheme. 

While  this  i>  often  true,  there  is,  however,  another  side 
to  the  question.  It  may  be  generally  said  that  once  a 
small  station  is  built  and  the  expenditure  has  been  incurred, 
then  and  so  long  as  the  system  is  kept  within  defined 
limits  of  extension,  the  tu/ru  operating  cost  of  an  addition 
to  the  local  power  station  is  often  cheaper  than  any 
commercially  feasible  bulk  supply.     I  h.ive  had  to  enquire 
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small  station— le«s  lluil  J.uuo  kw. — required  supplemcnliiig. 
The  annual  load  factor,  luse<i  on  30  minutes'  kustaiiicd 
lo;id,  was  30  per  cent.  .\  neighbouring  very  large  under- 
taking offered  a  bulk  supply  at  very  low  term  .\er 
than  any  terms  yet  mentioiietl  in  the  vai luus  I  .^cr 
schemes  It  was  impossible  to  demonstrate  lliat  il  Mould 
pav  to  purchase  all  the  energy  l<x-ally  required  from 
the  bulk  supplier,  because  of  the  dominating  eliect  of  the 
capital  outlay  and  the  standing  cliarges  on  the  existing 
local  plant,  which  of  course  had  to  l>e  paid  whether  the 
bulk  supply  were  taken  or  otherwise.  It  was  difficult 
to  show  any  economy  from  the  bulk  supply  when  compared 
with  the  extra  operating  cost  resulting  from  an  extension 
of  the  local  plant.  Finally,  tiie  iK-st  terms  were  made  for 
both  parties  by  the  local  station  undertaking  to  run  its 
plant  lor  one  shift  during  only  four  months  of  the  year, 
thus  entirely  taking  the  local  load  off  the  winter  demand  at 
the  bulk  station — that  is  to  s;iy,  a  co-oj>erativc  system  such 
as  was  proposed  in  the  original  London  County  Council 
schemes  seven  years  ago. 

I  am  firmly  of  opinion  that  no  economy  can  be  shown 
in  the  generality  of  cases  where  there  are  modern  and 
properly  niaii.iged  undertakings  whose  cipital  expenditure 
on  buildings  and  plant  is  not  yet  redeemed  or  written  off, 
unless  energy  can  l>e  supplied  by  a  bulk  authority  at  rates 
not  exceeding  £.2  10s.  per  kilowatt  of  maximum  demand 
and  025d.  per  unit  delivered  for  untransformcd  high- 
tension  energy.  In  many  cases  the  bulk  figures  would 
even  have  to  be  lower.  We  hear  much  of  the  l>cnefits  of 
bulk  supply — there  are  benefits  in  certain  cases,  admittedly 
— but  committees  are  often  misled  by  receiving  a  proposal 
to  pay  _£'3  per  kilowatt  and  o'25d.  per  unit  sold  to  them, 
which  at  first  sight,  when  resolved  into  the  particular  price 
per  unit,  appears  to  be  so  much  less  than  the  local  costs  of 
generation.  It  is  not  always  understood  by  the  com- 
mittees, or  even  by  the  public  or  non-technical  Press,  tliat 
many  additions  have  to  be  made  to  the  bulk  tigure  bclore 
a  proper  comparison  can  be  made  with  the  local  costs.  In 
the  first  place  the  units  sold  by  the  bulk  authority  are 
equivalent  not  to  the  units  sold  by  the  local  authority,  but 
to  the  units  metered  at  the  local  authority's  power-house 
switchboard  ;  and  to  these  must  be  added  the  units  lost  in 
conversion  or  transformation  of  the  energy  supplied  in  bulk 
as  the  case  may  be,  together  with  the  capital  charges  on 
the  requisite  transformers  and  extra  switchgear,  an 
allowance  for  wages  (^a  considerable  reduction,  of  course, 
on  the  wages  at  the  local  power  station),  and  some  allow- 
ance for  repairs  and  maintenance.  That  increased  figure 
divided  by  the  number  of  units  sold  by  the  local  authority 
represents  the  cost  of  generation  only  ;  which  must  first 
be  converted  into  terms  of  "  i>er  units  sold,"  and  then  the 
other  general  figures — distribution,  rates  and  Uixa.  manage- 
ment, insurance,  and  all  the  capital  cliarges  011  the  local 
undertaking — have  to  In:  added  before  the  final  jiid  com- 
parable figure  IS  reached.  Wticn  these  other  additions  are 
nude  it  is  found  that  the  bulk  authority's  tigure  is,  of 
course,  considerably  enlarged. 

It  may  be  said  tlut  this  is  all  common  knowledge  ; 
so  it  ought  to  be,  and  yet  one  often  finds  that  comparisons 
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are  wrongly  made  between  the  quoted  bulk  lifjiire  and  the 
local  cost.  Such  unskilful  comparisons  arc  injurious  to 
the  public  interest,  disseminate  false  ideas,  and  cause  much 
trouble. 

While  this  problem  of  assisting  existing  local  stations  from 
a  bulk  authority  gives  rise  to  these  difficulties,  and  is  one  not 
so  commercially  helpful  as  at  first  sight  appears,  it  is  gene- 
rallv  true  that  a  new  loc.il  area  about  to  install  an  electrical 
system  would  do  well  first  to  obtain  terms  from  a  reliable 
bulk-supply  authority,  if  available,  before  deciding  to 
build  a  local  power  station.  Better  still,  in  many  cases 
while  the  local  authority  would  find  the  capital  to  build  its 
local  sub-stations  and  to  lay  its  distributing  network  at 
probably  cheaper  rates  of  interest  than  a  bulk  authority 
can  raise  money,  it  can  reduce  expenses  to  a  minimum  by 
arranging  for  all  the  administrative  work  and  upkeep  of 
the  local  system  to  be  undertaken,  under  proper  super- 
vision, by  the  bulk  authority,  the  local  authority  only 
collecting  the  revenues. 

\Vh.at  we  all  desire  to  see  is  electricity  sold  at  tlie 
cheapest  rate  and  at  a  reasonable  profit  to  consumers 
whether  of  the  industrial  or  residential  classes,  at  the  same 
time  to  avoid  waste  of  capital  and  not  to  incur  unnecessary 
working  expenses.  Such  a  policy  means  more  consumers, 
greater  output,  more  plant  and  apparatus,  and  is  good  for 
the  industry  and  for  the  nation  in  every  way. 

Whether  any  local  undertaking  should  extend  or 
whether  it  should  purchase  energy  in  bulk  is  a  matter 
which  can  only  be  determined  after  careful  investigation, 
and  this  question  cannot  be  settled  by  any  general  policy. 
Each  case  must  be  decided  by  local  circumstances  of 
capital  invested,  costs  of  v^'orking,  load  factor,  and  other 
details. 

The  Local  Government  Board,  which  controls  to  a 
limited  extent  the  expenditure  by  the  various  municipal 
electrical  undertakings  that  represent  the  great  majority 
in  this  country,  could  do  much  in  this  direction.  The 
application  for  a  loan  to  carry  out  an  extension  by  a  local 
authority  is  so  often  delayed  through  one  reason  or 
another  that  bj'  the  time  the  Local  Inquiry  is  held  there  is  no 
time  left  to  consider  any  alternative,  and  in  the  immediate 
public  interest  sanction  has  to  be  given  to  the  scheme  then 
put  forward.  In  the  national  interest,  and  therefore  in  the 
ultimate  interest  of  the  particular  local  authorities  con- 
cerned, I  should  like  to  see  a  complete  survey  made  by 
the  Board  of  the  present  position  of  all  the  electrical  author- 
ities, so  that  in  those  cases  where  amalgamation  of  electrical 
interests,  or  purchase  of  energy  from  some  outside  source 
for  local  distribution,  ouglit  rather  to  be  adopted  in  lieu  of 
a  local  extension  of  plant,  the  Board  would  decline  to 
sanction  any  loans  for  the  proposed  extension  of  local  plant. 
A  thorough  survey  of  the  position  in  this  manner,  and 
consequent  action  on  the  lines  suggested,  might  not  only 
save  public  money  but  would  also  conserve  our  stores  of 
coal  and  therefore  be  of  ultimate  service  to  the  community. 
Moreover,  it  would  enable  the  public  systems  thus  to  supply 
consumers  on  the  most  favourable  terms.  I  do  not  at  all 
say  that  this  can  be  done  universally,  but  I  do  know  that 
there  are  several  groups  of  undertakings  where  concentra- 
tion on  the  lines  which  I  have  suggested  would  produce 
economies.  Perhaps  the  Local  Government  Board  will 
take  this  matter  into  their  consideration  when  we  have 
again  settled  down  to  normal  circumstances.     The  Local 


Government  Hoard,  I  know,  use  every  endeavour  now  to 
see  that  capital  is  judiciously  expended  by  electrical  author- 
ities, but  I  think  tliey  can  go  further  and  enquire  whether 
the  proposal  to  extend  local  plant  is  the  wiser  course  or 
not.  Information  can  only  be  obtained  by  a  thorough 
investigation  into  all  local  undertakings,  which  when  once 
reviewed  could  be  kept  up  to  date  from  year  to  year. 
This  survey  would  be  of  the  utmost  value  to  the  Hoard's 
Inspectors  and  would  be  referred  to  by  them  when 
reporting  on  any  particular  application. 

DOMKSTIC    SUI'I'I.Y. 

Another  matter  of  great  interest  to  us  all  at  the  present 
time  is  the  domestic  supply.  To  my  mind  it  is  an  unnecessary 
cost  to  the  consumer  and  a  brake  upon  progress  to  require 
two  sets  of  wiring  in  any  one  residence.  The  supply  for 
lighting  on  the  one  hand,  and  for  heating  and  cooking  on 
the  other,  should  not  be  differentiated  in  the  consumer's 
installation.  Let  us  endeavour  to  remove  all  unnecessary 
barriers  to  a  generally  increased  use  of  electricity.  One 
meter  and  one  set  of  apparatus  generally  would  then 
suffice,  with  a  consequent  less  cost  per  service  to  the 
supplier. 

i6poOr 
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Electric  lighting,  since  metal-filament  lamps  came  into 
practical  use,  is  very  cheap — in  fact  at  the  average  rates 
generally  obtaining,  almost  unnecessarily  cheap — though 
the  load  factor  is  better  now  than  in  the  days  of  carbon- 
filament  lamps,  and  electricity  can  therefore  be  supplied 
more  cheaply  than  when  the  tariffs  were  originally  fixed. 

I  have  had  during  the  last  two  years  to  enquire  exhaus- 
tively in  more  than  one  instance  into  the  cost  of  supplying 
electrical  energy  for  heating  and  cooking.  It  is  a  fact  that 
there  is  a  very  great  diversity  indeed  between  the  lighting 
and  cooking  loads,  whether  in  London  or  in  the  Provinces. 
Fig.  I  reproduces  an  actual  case.     While  the  lighting  and 
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and  III  I  he  winter  irom  jth  per  cent  to  41  per  cent.  The 
etlecl  on  the  daily  load  (actor  of  this  increased  domestic 
supply  is  therefore  more  marked  in  the  summer  than  in 
the  winter,  and  this  result  would  have  Iteen  expected. 
The  whole  effect  in  this  instance  is  to  level  up  the  daily 
load  (aclor  Ihroujihout  the  year.  Confirmatory  results 
have  also  been  oblained  In  ether  districts.  Individual 
lowns  will  of  course  have  llicir  peculiar  cliaiactcristics, 
and  it  is  not  wise  to  j;eneralize  loo  ireely,  hut  it  is  s;i(c  to 
s.iy  that  a  great  increase  in  the  output  tor  the  purposes  of 
domestic  supply  must  be  expected  and  must  be  provided 
for.  What  is  this  increase  likely  to  be  ?  In  some  cases  1 
tind  that  the  ratio  of  other  domestic  units  to  the  lighting 
units  is  as  high  as  10  to  1.  An  avenige  of  all  the  private 
residences  in  one  provincial  town  gave  a  ratio  of  3'5  to 
I  ;  shops,  however,  only  gave  a  ratio  of  i'2  to  i,  while 
offices  gave  the  highest  ratio,  viz.  ncarlv  5  to  i.  While 
therefore  there  may  be  a  London  district  here  and  there 
where  the  domestic  supply  may  in  the  future  be  11  times 
as  great  as  now,  it  is  quite  certain  that  to  adopt  such  a 
multiplier  all  round  would  be  greatlv  to  overestimate  the 
probable  requirements.  It  is  quite  probable,  however, 
that  in  the  ne.ir  future  existing  consumers  who  now  take 
energy  only  for  lighting  or  heating  to  a  very  limited 
degree  will  be  purchasing  from  4  to  5  times  the  number  of 
units  metered  at  present.  This  will  mean  a  very  greatly 
increased  output  and  improved  load  factors.  Increased 
load  factor  and  larger  output  will  rc.tct  on  and  reduce 
the  costs  of  production.  Increased  output  of  utensils  and 
apparatus  will  reduce  their  cost  also,  coupled  with  the 
constant  improvement  in  the  apparatus  itself,  and  in  its 
efficiency  and  durability.  .-Ml  of  these  factors  are  favour- 
able to  a  greatly  increased  use  of  electricity. 

What  we  also  want  to  ensure  is  that  not  only  is  the 
energy  supplied  to  consumers  at  the  lowest  practicable 
rates,  but  that  the  first  cost  of  installation  is  also  reduced. 
Initial  outlay  is  usually  the  greatest  deterrent  to  the 
adoption  01  an  electrical  supply.  Let  us  therefore  adapt 
our  systems  so  as  to  simplify  things  as  much  as  possible. 
Why  should  a  consumer  have  to  pay  for  two  separate  and 
complete  wiring  systems  in  his  house  ?  In  some  larger 
premises  of  course  that  might  prove  to  be  the  cheaper 
thing  to  do,  but  among  the  general  consumers — small 
residences,  shops  of  moderate  size,  and  so  forth,  which 
liter  all  represent  the  great   majority — a  single  system  of 
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various  domestic   needs,   whether  lighting  alone,  heating 
alone,  cooking  alone,  or  any  combination  of  them. 

The  supply  of  industrial  works  is  now  so  well  estab- 
lished that  tiiat  branch  cannot  fail  to  continue  to  make 
steadv  and  guod  progress.  Modern  works  of  all  kinds- 
even  mills  with  annual  load  factors  of  over  60  per  cent- 
find  themselves  obliged  to  adopt  electrical  driving.  It  is 
the  domestic  supply  which  will,  however,  provide  the  bulk 
of  the  business  in  many  of  our  towns  ;  and  to  this  service 
the  thoughts  and  energies  of  electrical  suppliers  arc  and 
must  be  directed.  Outputs  far  in  excess  of  any  that  we 
have  yet  reached  will  then  be  obtained.  Such  an  ex- 
pansion IS  good  not  only  for  the  electric  supply  authorities 
but  for  the  electrical  trade,  by  increasing  the  number  of 
wiring  contracts,  and  the  trade  in  lamps,  heaters,  and 
other  utensils,  thereby  increasing  the  demands  on  the 
manufacturers  both  for  domestic  apparatus  and  also  for 
cables  and  generating  plant. 

Every  encouragement  ought  to  be  given  by  the  Govern- 
ment, by  health  authorities,  and  by  the  public  to  the  more 
general  use  of  electricity  for  doiiTcstic  purposes.  It  has, 
and  cannot  fail  to  have,  a  marked  effect  on  the  pollution 
of  the  atmosphere,  on  fog,  and  on  public  health,  and  it  is 
therefore  of  national  importance.  It  has  a  marked  effect 
on  property  by  minimizing  fire  risks  and  by  reducing  the 
corrosive  effects  on  buildings  and  structures.  We  may 
hope,  therefore,  that  with  the  now  active  commercal 
attention  given  to  all  these  matters  by  our  electrical 
undertakings,  the  already  marked  acceleration  will  l»e 
further  incrca--ed,  as  there  is  evidence  to  show  is  the  case. 

The  electric.d  industry  cannot  fail  to  make  great 
progress,  because  our  resources  are  improving.  *-  hcaper 
plant,  generation  on  a  bigger  scale  at  cheaper  co>t-,  un- 
proved consumer's  apparatus  and  lighting,  cheaper 
domestic  apparatus,  all  go  to  reduce  the  cost  to  the 
consumer,  and  necess.irily  an  ever-widening  area  of 
Ofterations  is  obtained.  Let  us  reduce  to  a  minimum  the 
cost  of  installing  premises,  and  this  growth  will  1*  yet 
more  rapid. 

FUTl'RK  CH.AKGKS  to  CoNSl'MKIfs 
Wliat  will  be  the  probable  future  cost  of  .  m  this 

counlrv  at  which  we  must  aim  ?     We  h.iv..  ..^ :  prices 
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such  as  a  farthing  per  unit,  and  even  one-eightli  of  a  penny. 
To  my  mind  it  is  unwise  to  speak  loosely  of  sensational 
tigures  like  these  unless  there  is  substantial  evidence  to 
support  them.  That  the  present  cost  of  electricity  to 
various  classes  of  consumers,  whether  domestic  or 
industrial,  will  be  further  reduced  in  the  future,  no 
electrical  engineer  will  deny.  What  are  the  prevailing 
figures  now  ?  Energy  for  domestic  lighting  costs,  s.aj', 
2id.  per  unit ;  the  cost  of  power  varies  from  id.  down 
to  Jd.  according  to  the  load  factor,  size,  and  kind  of 
supply  {i.e.  whether  transformed  and  converted,  or  un- 
transformed  high-tension  energy).  Special  supplies  are 
given  under  exceptional  circumstances,  such  as  restricted 
hour,  non-peak  loads,  at  still  lower  rates  such  as  0"i5d.  ; 
these,  however,  may  be  termed  by-products.  The 
average  cost  to  the  consumer  in  this  country  is  now 
r56d.  per  unit,  and  in  London  it  is  2-i5d.  I  do  not 
know  any  other  country  that  can  show  as  good  figures, 
except  in  one  or  two  instances  of  exceedingly  large 
supplies  to  railways  and  traction  systems. 

It  may  be  worth  while  to  consider  what  possibilities 
lie  before  us  so  far  as  we  can  now  foresee  ;  but  we  must 
clear  the  ground  first.  Are  we  to  expect  amalgamations 
on  a  l->ig  scale,  or  power  stations  operating  over  county 
areas  or  even  still  more  extended  areas,  or  are  we  to 
expect  a  continued  development  of  many  separate  power 
stations  in  such  an  area  ? 

I  have  already  indicated  the  necessity  for  amalgamation 
in  some  special  cases  of  adjacent  small  electrical  areas. 
Can  this  be  usefully  extended  in  Great  Britain  to  any  large 
extent?  There  is  certainly  a  marked  tendency  on  the 
part  of  the  larger  cities,  such  as  Manchester,  Glasgow,  and 
Birmingham,  to  sell  in  bulk  to  their  neighbouring  and 
surrounding  towns  and  districts,  and,  I  am  glad  to  say,  a 
better  disposition  on  the  part  of  such  smaller  districts  to 
take  the  supplv  from  their  larger  neighbours.  Fear  that 
the  electrical  supply  is  the  "thin  edge  of  the  wedge" 
of  complete  municipal  absorption  by  the  larger  city 
represents  one  of  the  principal  obstacles,  and  there  is  the 
difficulty  at  the  present  time,  already  pointed  out,  that 
where  a  power  station  is  now  in  operation  in  the  smaller 
area,  it  is  very  difficult — almost  commercially  impossible 
in  some  cases— to  offer  bulk-supply  terms  that  will'  be 
cheaper  to  the  smaller  authority  than  the  extra  cost  (on 
existing  costs)  of  a  local  extension  of  plant. 

The  power  companies  operate  over  wide  areas.  It  has 
proved  to  be  very  hard  work  to  build  them  up  ;  and  to  be 
quite  frank,  very  few  of  them  can  be  said  as  yet  to  be  in  a 
really  sound  financial  position.  They  have  done  valiant 
work— it  has  been  my  good  fortune  to  investigate  the 
position  of  more  than  one  of  them  in  great  detail,  and  I 
can  testify  to  the  unflagging  efforts  and  the  skill  shown  by 
the  staff.  I  also  know  of  some  of  the  difficulties  en- 
countered. The  fact  that  the  principal  towns  already 
have  their  own  power  stations,  the  desire  of  the  muni- 
cipalities to  have  electrical  undertakings  under  municipal 
control,  the  difficulties  of  obtaining  wayleaves  for  trans- 
mission lines,  the  capital  cost  of  transmission,  together 
with  the  cost  of  money  itself,  have  all  been,  and  still  are, 
obstacles  to  the  development  of  such  large  areas  of 
operation. 

Some  of  these  difficulties  are  yielding.  It  is  noticeable 
that   many   local   authorities   are   now  more   disposed   to 


consider  the  alternatives  of  bulk  supply  and  local  ex- 
tension when  further  plant  is  needed,  as  I  have  already 
said.  The  cost  of  transmission  by  cables  at  high  pressure 
is  very  much  less  than  it  was  a  few  years  ago.  The  Board 
of  Trade  helps,  so  far  as  legislation  now  permits,  in  the 
development  of  overhead  lines.  As  time  goes  on  and 
these  power  systems  extend  and  their  gross  profits  show 
a  larger  percentage  on  capital  expended,  we  may  then 
hope  that  it  will  be  easier  to  raise  money  and  that  there 
will  be  a  bettor  density  factor  on  mains  and  lines.  The 
position  of  the  power  companies  will  be  llien  much  easier, 
and  the  growth  will  be  more  rapid. 

There  are  so  many  factors  to  be  considered  that  without 
considerable  sacrifice  of  capital  and  a  complete  change  in 
public  custom  and  opinion,  one  cannot  reasonably  look  to 
the  whole  electrical  supply  in  a  province  being  given  by 
one  sj'stem.  Undertakings  above  a  certain  size  and  output 
are  bound  to  continue  independently.  Faraday  once 
remarked  that  we  must  be  "  not  too  hasty  to  generalize, 
and  above  all  things  willing  at  every  step  to  cross-examine 
our  opinions."  This  is  wise  counsel,  and  after  due  self 
cross-examination  I  still  hold  the  opinion  that  in  this 
country  the  local  undertakings  in  the  majority  of  cases 
will  not  be  merged  in  larger  and  widely  distributed 
systems. 

Let  us  suppose,  however,  an  ideal  case  of  generation  on 
a  large  scale  from  power  stations  dependent  on  fuel 
transmission  to  various  parts  of  an  extended  province, 
partly  by  overhead  lines,  partly  by  high-tension  cables, 
the  transmission  pressure  being,  say,  30,000  volts.  Suppose, 
further,  that  the  output  embraces  a  supply  to  transporta- 
tion systems  (railways  and  other  traction  systems),  wide 
classes  of  industries,  such  as'  chemical  works,  collieries, 
mills,  shipyards,  engine  works,  and  also  that  the  domestic 
supply  reaches  the  extended  application  which  I  have 
suggested.  The  resultant  average  annual  load  factor  at 
the  power  stations  might  then  possibly  reach  50  per  cent. 
It  seems  to  me  physically  impossible  to  expect  a  higher 
resultant  figure  over  the  whole  generating  system.  Some 
of  the  power  stations  (I  am  assuming  that  there  would 
certainly  be  more  than  one),  might  have  a  higher  load 
factor,  others  less,  but  the  all-round  average  might  con- 
ceivably reach  50  per  cent.  The  undertaking  (assuming 
well-chosen  sites  on  which  no  unnecessary  expenditure  on 
foundations,  river  walls,  and  piers  would  have  to  be 
incurred),  equipped  with  large  generating  sets  and  simple 
inexpensive  buildings,  could  be  erected  for  about  £S  per 
kilowatt  installed.  That  must  be  considered  to  be  abso- 
lutely a  minimum,  and  I  doubt  whether  such  a  figure  could 
be  even  reached  at  the  present  time. 

The  detailed  cost  of  such  a  power  station  can  be  taken 
typically  as  under  : — 

£ 

Land,  river  walls,  and  sidings 0-25 

Buildings,  coal  silos,  foundations,  cranes,  etc.  ...  2'oo 
Boilers,  economizers,  coal  and  ash  plant,  shafts,  and 

mechanical  draught  plant  3'25 

Turbo-generators,  condensing  plant,  air  filters,  pipe- 
work, tanks,  and  switchgear         ...         ...         ...       2"65 

The  generating  costs  per  iinii  delivered  to  high-ieniioii 
feeders  at  a  50  per  cent  load  factor  would  probably  not 
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cxccftt  o  jd.,  iiiclU'tiiit*  M  capital  cliariJf^  on  the  powrr 
stalioii.  'Hic  total  cspcn!rf;!>  vmulil  In-  .i|>fMti\iiii.iu-K  .l^ 
under,  ftr  uml  fold  ."— 

l-ci   4.ri'l  ~.^.l 
d. 

(lenenttiiifi  ii>»is         ...  o'J-J? 

I>i«iiil>iiiK>n     ...         ...  oo;4 


Cap. 


\.  -  o. 

I.    ^  O' 

Oil  »ul>-^iati'>ii«  and  niainii  at  £3^ 

lit  at  II  percent       ...         ...         ...  o'if>7 


Total  co>t  per  unit  »old 


o-M 


That  is,  \  •-!   (»cr   \\\: 

cent  intcii  .<iid  adecju 

be  o-54d. 

This  means  that  prices  such  as  the  following  properly 
assessed  charges  would  have  to  lie  made  to  consumers  of 
various  kinds,  allcrw.iig  lor  a  reaionabU  itirentlv  liwlor  : — 


vui»  m  :><ipt>< 

UtMll'actor 
Ptrctnl 

Charged 

:  ictulorc 
TuUK 

d 

Lighting 

«»-5-«5 

I-300 

ltd 

I  domestic 

Hctting     and 

cooking 
Power 

40-45 
20 

"■447 

077 

id. 
1 

I  .ivciagc 
(  rate,  Jd. 

^5 

o•<^ 

[id. 

to  id. 

Public  lighting 

30 

35 

0554 

o"4')3 

) 

id. 

Special  power. 

40-yo 

0447 

id. 

to  o-jd. 

e.g.  mills 

to 
oi86 

Special     non- 

Down      to 

(leak  loads 

oi5d.  ac- 
cording to 
load    fac- 
tor     and 
other  cir- 
cumstan- 
ces. 

All 
llial  I 

I  iciieralion 

Fuel  

Other  generating  costs 

Oistribution 

M  iiiagemenl,  rates,  and  taxes,  etc. 


pcoductioii  slio«r» 


"97* 

'3  I  % 
-        »»-9  % 

474% 


These  costs  for  various  load  factors  are  shown    j;raphi 
cally  in  Fig.  2. 


Capital  charges 

io<ro  % 
The  two  principal  items  of  costs  arc,  therefore,  fuel  and 

,     .  some  system  of  generation  by  which  the 

cost  ol  coal  cmild  be  cliiniiiatcd—-  '    by- 

products, winch  Would  b.iUiicc  Ihi  age 

cost  of  os^d.  would  only    l»c  reduced  to  •  the 

average  charges  to  lighting  consumers  woul^.  c  to 

Ik-  i|<1.,  while  industrial  consumers  with  ordinary  load 
factors  would  have  to  pay  prices  ranging  from  o-<j6d. 
to  Jd.  if  the  costs  were  properly  apportioned. 

Or,  again,  suppose  the  capital  co^t  of  the  complete 
undertaking  were  reduced  to  half  of  that  taken  as  a  basis 
in  the  above  figures,  which  would  mean  only  £.4  per  kilo- 
w.itt  installed  for  the  power  hou>e,  and  /ri2'5  per  kilowatt 
installed  for  the  sub-stations  and  miins  (figures  one  may 
safely  say  cannot  in  any  reasonable  probability  be  ever 
reached!,  still  the  average  cost  of  a  50  per  cent  load  factor 
would  Ik-  042d.,  and  the  lowest  permissible  charge  to 
a  lighting  consumer  would  be  1  Jd.,  and  to  an  ordinary 
industrial  consumer  from  }d.  to  fd.  Thus  we  see  the 
probable  limitations  of  the  reduction  in  cost  of  electrical 
energy  supplied  from  power  stations  other  than  hydro- 
electric systems.  In  the  latter  the  capital  cost  is  generally 
the  important  factor,  and  the  cost  of  production  may  be 
as  high  as  that  in  a  large  steam-drivch  station. 

As  I  have  said  before,  it  is  therefore  most  unwise  to  talk 
about  giving  a  general  supply  at  Jd.,  or  even  Jd.  per  unit 
It  is  easily  demonstrated  that  sued  ligures  are  unalUinable 
with  any  known  methods,  or  from  anv  developments  which 
seem  to  be  within  the  region  of  possibility. 

People  who  do  not  study  the  question  confuse  the 
average  price  of  some  undertaking  enjoying' a  high  load 
factor   (often  omitting  all    reference    to  capital    charges) 


"8  " 
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with  tlie  dirt'erentiatcd  costs  to  various  classes  of  con- 
sumer. The  latter  represent  a  very  different  set  of 
figures. 

By  recognizing  what  are  our  limitations  we  know  both 
our  strength  and  our  weakness.  In  my  opinion  it  is  foolish 
to  speculate  on  ligures  which  are  really  unattainable.  The 
figures  that  I  have  quoted,  however,  are  such  as  to  give 
great  encouragement  to  supply  authorities,  and  to  industrial 
and  domestic  consumers. 

In  a  paper  which  I  read  in  1904  before  the  Institution 
of  Civil  Engineers-''  I  then  forecas'ted  some  figures,  and  it 
is  interesting  to  compare  those  given  10  years  ago  with  the 
estimate  now  framed.     The  comparison  is  as  follows  : — 


1904 

Inst.C.E. 
Paper 

Corrected  to 

SO  %  Load 

Factor 

1914 

Estimated    annual     load 

25% 

50% 

50% 

factor 

Cost  of  undertaking  per 

i:so 

— 

£33 

kilowatt  installed 

Costs  :— 

Pence  per 

Pence  per 

unit  sold 

unit  sold 

Generation       

041 

— 

0'l62 

Distribution,  rates,  and 

0'25 

— 

0-104 

taxes,  etc. 

Management 

0-15 

— 

0-022 

0-8 1 



0-288 

Annual  capital  charges 

0-685 

— 

0-252 

I '495 

o842d. 

0-54 

Correcting  the  1904  figure  to  a  50  per  cent  load  factor 
the  estimated  saving  to-day  through  cheaper  plant,  larger 
plant,  and  other  improvements,  is  36  per  cent.  It  will  be 
said  that  a  very  marked  improvement  has  been  made  on 
my  figures  of  1904.  That  is  so,  but  it  is  not  possible  that 
there  should  be  anything  like  the  same  margin  on  the  1914 
figures,  though  improvements  not  at  present  even  contem- 
plated may  still  further  slightly  reduce  the  figure  which  I 
have  ventured  to  put  forward.  The  improvement,  how- 
ever, must  be  necessarily  slight,  since  the  lower  the  costs 
of  production  the  less  margin  must  there  obviously  be  for 
any  further  reduction. 

Such  low  costs  of  production  can  be  obtained  by  stations 
of  moderate  size  as  well  as  by  very  large  stations,  provided 
a  high  load  factor  can  be  reached.  The  large  station, 
however,  has  the  advantage  of  using  larger  units  of  plant 
and  lower  capital  costs,  so  long  as  these  are  not  out- 
weighed by  increased  costs  of  transmission. 

In  this  country  we  are  to  a  great  extent  dependent  on 
coal  for  the  maintenance  of  our  industrial  position.  Coal 
is  one  of  our  great  national  assets,  and  it  is  lamentable  to 
think  how  grossly  it  is  wasted.  It  is  not  very  comforting 
to  engineers  to  think  that  only  some  20  to  25  per  cent  of  the 
energy  stored  in  coal  is  usefully  transformed  into  electrical 
energy  in  well-managed  systems  having  an  average  yearly 
load  factor  of   say  25   per  cent  and   employing   modern 

*  J.  F.  C.  SxELL.  Distribution  of  electrical  energ}-.  Minutes  of 
Proceedings  of  the  Institution  of  Civil  Engineers,  vol.  159,  p.  143,  1904-5. 


boilers  and  appliances  and  steam  turbines.  The  greatest 
losses  occur  in  the  steam-raising  plant  of  course,  and  in 
the  heat  rejected  to  condensers.  Station  engineers  would 
do  well  to  keep  a  regular  log  of  the  analysed  losses  and 
go  further  than  merely  checking  the  thermal  values  of 
coal  purchased  and  the  weight  of  coal  per  unit  generated. 
It  would  pay  in  all  but  the  smallest  stations  to  have  an 
assistant  whose  duties  would  wholly  consist  in  noting  the 
thermal  v.alues  from  the  coal  consumed  right  down  to  the 
remaining  value  per  unit  delivered  to  feeders,  so  as  to 
improve  the  results  and  to  minimize  waste. 

Manufacturers  have  awakened  to  the  necessity  of 
electrically  equipping  their  works,  whether  mines  or 
rolling  mills,  textile  or  grain  mills,  shipyards  or  engineer- 
ing works,  and  factories  of  many  other  kinds.  The 
removal  of  local  steam  and  other  plant  in  such  factories 
and  its  replacement  by  motors  driven  from  some  public 
supply  system  is  one  great  and  important  gain,  and  some 
waste  of  coal  is  thereby  avoided. 

A  reduction  in  the  number  of  open  domestic  fires  would 
effect  an  enormous  saving.  In  time  this  will  follow,  but 
meanwhile  a  prodigal  waste  of  coal  takes  place,  and  the 
present  generation  are  not  yet  good  stewards  of  the  natural 
riches  committed  to  their  care. 

Capital  Investment  in  Electrical  Works. 

As  an  indication  of  the  development  of  electrical  under- 
takings and  companies  in  the  British  Empire,  the  following 
figures  show  a  remarkable  amount  of  capital  invested.    The 
sums  given  are  not  exactly  correct,  because  it  is  difficult  to 
differentiate  some  of  the  manufacturing  and  miscellaneous 
capital  invested  in  the  Empire  from  those  registered  British 
firms  which  have  capital  invested  in  foreign  countries  such 
as   the   Argentine,    Chili,   and   China.      Nevertheless,   the 
amounts  given  are  approximately  correct : — 

£ 
310  Manufacturing  companies  ...         ...         46,703,047 

178  Miscellaneous  companies ...         ...         ...  8,756,417 

Telegraphs  and  telephones     ...         ...         ...         37,249,088 

269  Electrical  supply  companies        ...         ...         58,364,885 

262  Municipalities         49,656,951 

104  Tramway  undertakings 56,012,466 

;£256,742,854 

This  huge  total  does  not  even  then  include  Government 
telegraphs  and  telephones,  power  companies,  or  the  capital 
invested  by  railway  companies  in  electrification,  which 
would  greatly  increase  this  total.  It  is  nevertheless  a  very 
large  amount,  and  is  an  indication  of  the  great  iinportance 
which  the  electrical  industry  has  attained.  When  one 
considers  that  in  a  period  of  30  years  over  250  million 
sterling  has  been  invested  in  electrical  undertakings  of 
various  kinds,  none  can  deny  that  electricity  has  become 
indispensable  to  the  service  of  mankind. 

Trend  of  Improvements. 
We  are  gradually  arriving  at  definite  and  accepted 
methods.  In  power-station  work  there  can  be  no  question 
that  3-phase  generation  has  such  great  advantages  over  any 
other  system  that  it  must  be  generally  accepted  as  the 
system  of  the  future.  Turbo-alternators  of  the  highest 
adaptable  speed  coupled  to  inachines  of  simple  design  (by 
simple  machines  I  mean  one  bar  per  slot)  having  the  lowest 
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coDMSjueiiti.kl  Ifiiuiiial  prcssuic  —  >tcjipiiij;  up  tliroiij;li 
static  transformers  (ilius  (•ivin){  the  ncccsxary  pmlcctivc 
reactance)  to  the  switchlxunl  bti!<t<ur  pressure — arc  almost 
certain  to  be  j;eiicr;illy  adopted.  Hijjlier  feeder  pressures, 
now  thai  insulated  cables  for  very  lii^li  pressures  are  com- 
iMcrcially  practicable,  will  no  doubt  be  used,  and  dislri- 
biition  by  the  vphasc  4-wirc  syslen)  will  in  my  opinion  be 
adopted  wherever  possible. 

IX>  not  from  this  think  that  batteries  will  not  aUo  play 
an  important  part  in  electrical  distribution  systems.  I 
believe  they  will  often  do  so.  They  can  of  course  be 
readily  provided  for  in  sub-stations  through  the  medium  of 
rotary  transformers.  Simplicity  is,  however,  what  we  must 
aim  at,  the  invariable  result  of  which  is  economy. 

In  the  manufaciunnj^  section,  steady  proj>rcss  towards 
standardization  is  bciii)^  made.  If  plant  of  whatever  kind 
can  be  turned  out  in  quantities,  the  articles  are  cheaper 
than  when  the  stock  order  is  small.  Whether  it  be  units 
of  energy  or  motors,  the  curve  of  cost  per  unit  or  per 
motor  will  be  hyperbolic.  There  arc  fixed  charges  and 
running  charges  in  both,  and  the  greater  the  quantity, 
within  given  limits  in  each  case,  the  smaller  the  cost  of 
each.     Is  this  always  realized.' 

KIcctrical  science  has  rendered  a  great  service  to  manv 
other  industries  besides  engineering — in  teaching  exactitude 
of  measurements  and  in  making  more  widely  known  the 
underlvnng  principles  of  the  cost  of  production.  Some 
continental  competitors  have  realized  this,  and  by  absorb- 
ing the  fixed  charges  at  home,  have  delivered  machines 
and  m.iterials  here  at  prices  which  have  been  based  on  the 
"running  costs"  only.  In  so  doing,  however,  they  have 
improved  their  own  factory  load  factor  and  increased  their 
prosperity.  Our  manufacturers  have  an  opportunity  now, 
and  if  they  will  turn  out  standard  plant  more  boldly  and  in 
numbers,  economies  to  suppliers  and  purchasers  alike  will 
result  and  increased  output. 

Steady  progress  is  being  made  in  our  designs  by  the 
better  utilization  of  raw  materials.  There  is  now  very 
little  superfluous  iron,  steel,  or  copper  in  our  generators 
and  motors.  In  our  distributing  systems  I  am  not  so  sure 
that  we  have  made  the  same  progress.  For  instance,  an 
appreciable  waste  takes  place  in  most  cities  through  the 
constant  taking  up  and  relaying  of  pavements  by  the  gas, 
water,  telephone,  and  electrical  authorities,  all  of  which 
work  has  to  be  paid  for.  Some  co-ordination  here  is 
distinctly  advisable.  I  refer  particularly,  however,  to  a 
more  systematic  design  of  extensions  of  the  distributing 
systems  themselves.  It  is  true  that  a  few  chosen  standard 
sizes  of  cables  are  now  generally  adopted  in  any  given 
network  ;  still  it  seems  to  me  that  unnecessary  copper  and 
lead  are  often  laid  down  in  a  hurry,  when  a  skilled  con- 
sideration of  plans  prepared  well  in  advance  would 
generally  result  in  economies,  while  affording  at  the  same 
time  a  better  pressure  distribution  and  greater  facilities  for 
sectionalizing  the  system  in  emergencies. 

If  we  turn  to  railway  electrification  we  seem  as  yet  no 
nearer  a  solution  of  the  rival  claims  of  the  overhead  high- 
pressure  system  and  the  third  rail.  The  tendency  in  this 
country  is  certainly  in  favour  of  the  latter,  because  the 
great  railways  are  confining  themselves  to  suburban  traffic, 
for  which  the  third  rail  has  decided  advantages.  It  would 
seem  a  long  cry   to   main-line  electritication    in    Britain, 


since    the    less   denmly   ol   ti  . 
capital  cost  involved,  and  the  ■       i,  ^ 

niiMtern  locomotive*  and  electriatl  haulage  do  not  appear 
to  warrant  the  electrification  of  main  lines  here.  S<>nie 
day,  when  provincial  suburban  trafhc  isdealt  with  elccliic- 
allv.  It   m.iN    ■  the 

inlerveiiiii^  i ,  on 

the  London  and  Nm  and  then 

successively    the    li;  ..       and    the 

Manchester  district,  each  in  turn  electrifying  their  local 
services  ;  then  the  joining  up  ol  the^c  centres,  and  (hereby 
continuous  electritication  from  London  to  Preston  at  any 
rate. 

We  have  also  to  consider  the  equipment  of  line«  in 
Hrilish  Dominions  and  of  Hrilish-owned  foreign  lines, 
where  coal  is  generally  so  much  de.irer.  In  many  of  these 
cases,  owing  to  the  long  distinces  to  be  traversed,  it  would 
seem  necessary  to  adopt  an  overhead  high-pressure  system. 
There  can  be  no  doubt  that  the  economic  effect  of  suburban 
electrification  in  this  country  has  been  markedly  successful, 
and  lias  resulted  in  improved  returns  to  those  railways 
which  have  adopted  it,  and  we  can  confidently  expect  that 
wherever  commercially  practicable  further  electrification 
will  follow. 

I  have  touched  lightly  upon  a  variety  of  subjects  in  the 
course  of  this  address  :  some  of  them,  such  as  bulk  supply, 
domestic  supply,  or  railway  electrification,  would  really 
require  treatises  to  themselves  in  order  to  be  effectively 
dealt  with.  My  remarks,  however,  may  suffice  to  show 
tl'.at  though  electricity  is  no  longer  in  itschildhood,  but  has 
grown  to  a  vigorous  manhood  and  exercises  an  ever- 
widening  influence,  there  is  still  much  tu  do,  and  we  are  a 
long  way  from  the  end  of  the  road.  That  should  be  an 
encouragement  to  us  all. 

Many  of  the  improved  conditions  of  living  are  directly 
due  to  the  use  of  electricity.  Communication  between 
peoples  is  really  easier  than  our  grandfathers  ever  enjoyed 
or  even  dreamt  of-;  travel  is  safer  ;  the  pleasures  of  life  are 
greatly  incre;iscd  ;  the  great  medical  profession  is  assisted 
by  electrical  discoveries,  and  human  suffering  has  thus 
been  .illeviated  :  even  the  conquest  of  the  air  has  only  been 
made  possible  through  the  assistance  of  electricity.  Some 
of  the  great  natural  sources  of  power  which  otherwise 
were  wasted  have  been  effectively  used,  though  much 
remains  to  be  done  in  this  direction.  There  is  much  left 
to  unravel,  and  the  assistance  which  electricity  has  given 
to  the  chemist  may,  and  probably  will,  yet  enable  mankind 
to  make  further  great  discoveries  and  lift  the  veil  still 
higher,  revealing  to  us  more  and  more  of  those  marvellous 
circumstances  with  which   we  .ve  surrounded. 

This  is  largely  a  commercial  age,  but  while  not  neglecting 
the  obviously  necessary  attention  which  we  must  give  to 
commercial  and  industrial  interests,  let  us  not  under- 
estimate the  great  privileges  that  we  electrical  engineers 
especially  enjoy  of  understanding  more  clearlv  and  of 
effectively  using  the  great  natural  forces,  in  the  utilization 
of  which  electricity  has  been  such  a  powerful  agent  ;  or  of 
comprehending  with  clearer  vision  natural  laws  and  the 
Creative  design  that  underlies  and  controls  them  all. 

May  this  Institution  always  encour.tge  scientific  research, 
assist  in  spreading  the  blessings  of  education,  and  influence 
greatly  the  upward  progress  and  devclopiiieiit  uf  mankind. 
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EXPERIMENTS    ON     rill'     IIILATIXG    OF 

LAMPHOLUERS.* 

By  Cmffokd  C.  Paterson,  Member. 


SCREW-SOCKET 


{Paper  nxi-iviul 

Objkct  and  General  Conclusions  of  Report. 

The  tests  described  in  tliis  report  have  been  made  with 
a  view  to  the  investigation  of  the  temperature  rise  in  screw- 
soclict  lampholders  of  different  types  when  used — 

(ii)  with  radiators,   . 

(b)  with  lighting  fittings. 

The  maximum  number  of  watts  tliat  may  be  safely 
transmitted  bv  a  screw-socket  lampholder  depends  on 
different  considerations  from  those  which  prevail  in  the 
bayonet  holder.  The  limiting  factor  in  the  bayonet  socket 
is  the  gradual  weakening  of  the  plunger  springs  which 
takes  place  when  the  temperature  reaches  too  high  a  value. 
The  screw  socket  has  no  such  springs,  but  connection  is 
made  to  the  lamp-cap  terminals  by  what  is  equivalent  to 
a  clamped  contact  as  the  lamp  is  screwed  into  place.  A 
rise  of  temperature  such  as  the  lamp  itself  is  able  to  with- 
stand has  not  been  found  in  any  way  to  affect  the  sound- 
ness of  the  contacts  in  tlie  experiments  made,  and  there 
is  no  reason  to  suppose  that  any  other  result  would  be 
olitained  under  the  conditions  met  with  in  practice,  pro- 
vided mechanical  agencies  such  as  vibration  do  not  cause 
any  unscrewing  of  the  lamps  themselves  in  their  sockets. 

In  determining  the  maximum  rating  of  a  lamp  socket, 
however,  there  is  the  important  factor  of  the  heat  that  is 
conducted  along  the  cable  that  supplies  the  current  to  the 
lamp.  This  factor  applies  mainly  to  sockets  used  for 
lighting,  since  the  leading-in  wires  to  radiator  sockets 
are  not  generally,  and  should  never  be,  insulated  with 
rubber,  but  with  some  heat-resisting  covering.  Where 
screw-socket  lampholders  are  used  for  lighting  fittings,  I 
flexible  cable  to  the  socket  is  usually  led  either  through  ! 
a  cord  grip  or  through  a  length  of  metal  tube  on  to  which 
the  lamp  socket  is  screwed.  Where  a  cord  grip  fitting 
is  used,  the  lamp  is  generally  small  and  in  this  countr)' 
bayonet  holders  are  almost  exclusivelv  employed.  The 
larger  lamps,  however,  ranging  from  300  to  1,000  watts, 
are  used  with  screw  sockets  of  either  the  normal  or  the 
larger  size,  and  the  positive  and  negative  cables  to  these 
sockets  are  generally  led  together  through  a  tube.  Thus 
there  is  no  insulation  to  be  relied  on  except  that  of  the 
cable?  themselves,  and  it  becomes  a  matter  of  real  im- 
portance in  the  design  and  rating  of  such  sockets  to  know 
to  what  temperatures  such  insulation  is  subject  under 
working  conditions. 

Measurements  of  the  contact  resistances  of  the  various 
sockets  have  confirmed  the  previous  tests  f  and  show  that 
the  actual  1°  R  losses  due  to  current  passing  through  the 
contacts  are  negligible,  and  that  all  the  heating  is  caused 
by  conduction  and  radiation  from  the  lamp  itself.  The 
wattage  of  the  lamp  is  thereiore  the  main  factor  to  be 

•  Paper  based  on  a  report  {dated  November,  1912)  to  the  Lamp- 
holder  Panel  of  the  Engineering  Standards  Committee  upon  experiments 
carried  out  at  their  request  at  the  National  Physical  Laboratory. 

t  A  report  to  the  Committee  in  June.  1910 


19  'Jiiiit;   1914.) 

considered.  A  subsidiary  influence  is  the  size  and  shape 
of  the  lamp  itself,  which  may  somewhat  affect  tlie  healing 
of  the  socket.  As,  however,  most  commercial  lamps  of  the 
same  rating  will  be  found  to  be  very  similar  in  sliape  and 
dimensions,  this  factor,  always  small,  is  not  of  importance. 
It  may  be  stated  at  this  point  that  the  general  con- 
clusions arrived  at  as  the  result  of  the  experiments 
described  in  this  report  are  (a)  that  as  far  as  temperature 
rise  is  concerned  ordinary  screw-socket  holders  may  be 
used  for  radiator  elements  up  to  at  least  500  watts  each 
(the  maximum  size  of  heater  element  at  present  on 
the  market) ;  (6)  the  screw  contact  is  also  satisfactory, 
as  at  present  used,  for  lamps  rated  up  to  at  least 
1,000  watts,  but  in  the  present  designs  the  clamping 
contacts  for  the  incoming  leads  become  too  hot  to 
allow  rubber-insulated  cables  to  be  brought  direct  into 
the  sockets  without  risk  of  serious  deterioration  of  the 
rubber. 

Radiator  Tests. 

Apparatus   used.''' — Two    radiators   were    used    for   the 
measurements,  and  are  here  denoted  by  No.  i  and  No.  2. 


Fig.  I. 

Various   types  of   sockets   were   tested,  and    both   radia- 
tors and   sockets  are  illustrated  in   Figs,    i    and  4.     The 

•  The  radiators  used  in  the  tests  were  to  some  extent  of  an  experi- 
mental character,  and  the  results  given  here  must  not  be  used  to 
compare  the  relative  merits  of  the  two  makes.  They  were  specially 
constructed  and  given  by  two  firms  for  the  purposes  of  the  experi- 
ments. 
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exceed    those    given,   the    experiments    show   that    such 

ditiferences  are   not  likely  to   be  >crious.    Of   the   upi^cr  uiea!>iireinents  were  made  with   loo-volt  scou-ait  heaitr 

rating>    only    those    heating    elcnuiits    taking    250    and  elements— representing  the  most  exacting  condition  met 

500  watts  were  obtainable.     The  250-watt  heaters  cau>ed  with  in  practice  with  respect  to  the  current  to  be  earned 

a,  relatively  slight  rise  of  temperature,  and  there  was  no  and  the  number  of  watts  to  be  dissipated. 
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RadialorXo.  i.— It  will  be  seen  in  Fig.  i  that  tlie  radiator 
is  of  the  small  4-elemenl  type  painted  dead  black.  It 
was  arranged  so  that  lamps  could  be  fixed  either  upright 
or  pendant.  Two  thermo-junctions  were  run  into  each 
socket.  One  was  fixed  to  each  of  the  two  contacts  to 
which  the  supply  leads  were  clamped,  and  when  neces- 
sary a  third  junction  was  brought  to  a  point  inside  the 
socket  which  would  give  a  measure  of  its  general  internal 
temperature.  .-Vfler  the  heater  elements  were  switched 
on,  temperature  measurements  were  made  at  regular  time 


that  the  loo-volt  heaters  took  a  little  more,  and  tiie  240- volt 
heaters  a  little  less,  than  their  rated  watts. 

The  teinperatiire  rise  when  the  500-watt  lamps  are 
arranged  pendant  is  considerable  (150°  C.)  ;  but  as  the 
sockets  consist  of  only  porcelain  and  metal,  and  as  it  is 
presumed  that  the  leads  away  from  the  sockets  are  insu- 
lated with  beads,  there  appears  to  be  no  special  harm 
in  this  temperature  as  far  as  the  socket  is  concerned. 

Radiator  No.  2. — This  radiator  (illustrated  in  Fig.  4)  is  of 
a  larger  type  and  is  made  of  burnished  copper.     It  was 


Table  1. 
Radialor  No.   i , 


Four  250- watt  240-volt  heaters  (total  watts  =  968) 
Type  A  socket  No.  i        ...         ...         ;.. 

2 
,,  ,,  3 

4       

Average 

Four  500-watt  240-volt  heaters  (total  watts  =  1,968) 
Type  A  socket  No.   i 


Average 


Four  500-watt  loo-volt  heaters  (total  watts  =  2,030} 
Type  A  socket  No.  i         

2 

3        

4        

Average    ...         

Four  500-watt  loo-volt  heaters  (total  watts  =  2,030) 
Type  B  socket  No.  i        

2  ... 

3        

4        

Average   ... 


Tirmperature  rise  above  air 


Heater  elements  upright 


Contact  for 
lamp  centre 


deK.  C. 

42 
50 
48 

34 
43'5 


94 
90 

64 


83 


89 

106 

98 

70 

91 


80 
86 
86 

75 

82 


Contact  for 
screw  soclcet 


cleg.  C. 

37 
42 
41 
42 

40"5 


67 
87 
79 
79 

77 


72 
91 
88 
86 

84 


76 

89 
02 
81 

84-5 


Centre  of 
socket 


deg.  C. 

44 
48 

50 
48 

47-5 


90 

90 

102 

94 
94 


94 
106 
no 

103 
103 


Heater  elements  pendant 


Contact  for 
lamp  centre 


deg.  C. 

76 
78 
76 

68 

74'5 


143 
158 
150 
123 

i43'5 


Contact  for 
screw  socket 


deg.  C. 

73 
76 
72 
76 

74 


136 

153 

144 

137 

145 


Centre  of 
socket 


deg  C. 
76 

79 
77 


79 


147 
154 
162 

153 
IS4 


intervals  until  a  steady  value  was  attained.  This  generally 
required  from  one  to  two  hours. 

Table  i  gives  the  final  temperatures  reached  in  type  A 
and  type  B  sockets  when  used  in  No.  i  radiator.  The 
sockets  are  shown  in  detail  in  Figs.  2  and  3,  and  their 
general  construction  can  be  seen  from  these  illustrations. 
The  chief  point  to  note  is  that  socket  A  has  external,  and  B 
socket  internal,  contact  clamps  for  the  incoming  leads. 

The  circumstance  that  the  500-watt  loo-volt  heaters 
showed  a  somewhat  higher  temperature  than  the  240-volt 
heaters  of  the  same  rating  is  accounted  for   by  the  fact 


tested  with  type  B  socket  (Fig.  3)  and  also  with  a  large 
type  of  screw  socket,  C  (Fig.  5),  which  was  supplied  with 
it,  the  heater  elements  used  being  the  500-watt  type. 

Table  2  gives  the  results  obtained. 

It  will  be  seen  that  the  temperature  rise  in  type  B 
socket  was  rather  less  with  this  radiator  than  with  the 
smaller  No.  i  type,  particularly  that  of  the  centre  contact, 
which  would  be  somewhat  affected  by  the  cooler  case  of 
the  large  No.  2  radiator.  An  interesting  point  is  the  higher 
temperature  reached  by  type  C  socket,  which  is  one  of  the 
e.xtra  large  Goliath  type  with  a  screw  i  J  in.  in  diameter. 
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TABLfc   3. 


llcAtci  •IrtucQU  ufMi^bi 


lamp  c«ntic 


AtctlC- 


Tyiw  al  UmUi  la  iuck«t  Anipc< 
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itut.ll  watts  =  J.04<>> 
Type  B  iockcl  No.  1 
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^tolal  watU  =  J,o7i- ' 
Type  C  socket  No.  1 

4 

Average 


loO 
101 
100 


77 
7<' 


'^7 

'«7 
118 

>i6-5 


Another  set  of  radiator  units  mounted  v\itli  (.ioliatli  caps 
was  not  available  for  comparative  tests  and  it  is  impossible 
to  sav  whether  any  of  this  temperature  rise  is  due  to  the 
particular  heaters  whicli  were  mounted  with  the  large  caps. 
As  the  four  heaters  gave  approxmi.itely  uniform  results  it 
would  not  be  expected  that  the  dilfercnce  could  be  attri- 
buted to  this  cause.  The  reason  is  possibly  the  easier  path 
for  conduction  to  the  contacts  given  by  the  large  cap,  com- 
bined with  the  thick  porcelain  base  of  the  socket  acting  to 
»ome  extent  as  a  heat  insulator. 

Another  firm  presented  four  heater  units  in  which  the 
screw  cap  was  not  in  metallic  contact  with  the  base  into 
which  the  glass  was  cemented,  but  was  in>ulated  from  it 
by  a  vilritc  ring.  A  comparative  test,  however,  between 
these  heaters  and  heaters  mounted  in  the  ordinary  way, 
showed  no  difference  in  the  temperature  of  the  different 
parts  of  the  sockets  used  with  them. 

Kesislanie  of  coiitach  in  scrnf-sockel  ItoUct^. — At  the 
same  time  as  the  temperature  observations  were  made  on 
type  A  socket  (Fig.  ;)  given  in  T.tble  i,  measurements  were 
made  of  the  contact  resistances  between  the  lamp-cap  ter- 
minals and  the  contacts  in  the  sockets,  with  the  object  of 
ascertaining  whether  the  number  of  watts  lost  at  the  con- 
tacts was  appreciable  and  was  suflicient  to  generate  any 
I'^oal  heat  which  might  lead  to  ultimate  trouble. 

Table  3  gives  the  average  contact  resistance  of  the 
luiir  type  A  sockets  when  they  had  attained  their  final 
temperature  in  the  tests  described  above. 

It  will  he  seen  from  this  that  the  contact  resistances 
in  a  screw-socket  lainphulder  may  be  taken  as  about 
O"ooo4  ohra.  This  with  5  amperes  means  about  i/iocth 
of  a  watt ;  so  that  the  question  of  the  generation  of  heat 
at  contacts  may  be  left  out  of  account.  It  also  follows 
that  for  a  given  watt  rating  the  particular  current  and  volt 
rating  of  the  heater  is  not  a  matter  of  concern,  and  that 
•'i-  number  of  watts  only  has  to  be  considered. 
\'OL.   53. 


.•4o-voU,  Jjo-watt 
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loo-volt,  500-waIt 
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0-0004. 


1 
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There  is  very  little  variation  in  the  de»ign  of  contacts 
in  diftcrent  sockets,  and  the  above  figures  may  be  rcgarde  1 
as  representative. 

KatlKilor  So.  3. — One  of  the  firms  submitted  a  special 
horizontal  radiator  (Fig.  'ii  with  four  i,o-walt  heater 
elements,  the  contact  clips  l>eing  at  either  end.  The 
final  temperatures  reached  by  the  contact  clips  and  the 
contact  resistances  of  four  clips  were  found  to  be  as 
follows  : — 

Tahle  4. 


Tcmpenlurc   Tcmj 


emperaiurc 

ofriKM- 

haodcUp 

1      '^ 

olun 
OClOOl. 

"5 

00001, 

V7 

00001, 

Si 

O'OOOJ 

Tests  ox  LiiiHTixii  Fittixus.  ^ 

The  measurements  in  this  section  of  the  report  have 
been  mide  in  order  to  find  ojt  the  temperature  condi- 
tions existing  in  screw-socket  lampholders  used  wiih 
metal-hlanieiit  lamps  rated  at  from  too  to  1 ,000  watts. 

The  practice  of  different  lamp  makers  varies  somewhat 
as  to  the  type  of  lamp  cap  which  is  fitted  for  the  various 
ratings.  Bayonet  caps  are  always  fitted  up  to  100  watts, 
and  generally  up  to  200  watts.  Ordinary  Kdison  screw- 
holders  arc  almost  alwa)-*  used  for  300  watts,  and  in  some 
cases  for  400  and  300  watts.  .\ll  makers  fit  Goliath  caps 
for  6o3  and  1,000  watts. 

There  is  little  doubt  that  the  practice  of  confining 
bayonet  sockets  to  lamps  of  200  watts  and  under  is 
sound.  There  are  two  main  considerations,  however, 
in  choosing  between  the  ordinary  and  the  Goliath  screw 
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c;ips  for  other  ratings.  One  is  the  temperature  rise  of  the 
incoming  cable,  and  the  other  is  the  suitability  of  the 
clamping  terminals  in  the  sockets  for  properly  "  looping 
in "  a  supply  main  of  sulTicient  size.  The  results  show 
that  the  temperature  rise  in  the  small  ami  llie  large  screw 
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sockets  as  at  present  made  is  about  the  same  for  tlie  same 
watt  rating.  If  the  small  socket  is  made  mechanically 
strong  enough  therefore,  and  the  lamps  are  screwed  up 
tight  into  position,  there  would  be  no  serious  objection 
to  the  use  of  small  sockets  up  to  600  watts  provided  the 
incoming  leads  could  be  properly  accommodated.  This 
would  not  be  easily  done  with  such  a  socket  as  tj-pe  D 


(Fig.  7),  but  the  "tube"  type,  E  (Fig.  8),  leaves  ample 
room,  althoiigli  the  clamping  screws  themselves  are  not 
perhaps  of  the  most  elJicient  type.  The  general  use  of 
(Goliath  sockets  for  the  higher-power  lamps  may  be  jus- 
tified on  the  ground  of  general  robustness ;  but  from 
electrical  and  heating  considerations  only,  the  smaller 
size  would  probably  suffice  for  all  except  the  largest 
sizes  in  the  neighbourhood  of  lamps  taking  1,000  watts 
and  upwards — and  a  well  and  strongly  designed  E^dison 
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Fig.  12. 

screw  socket  would  probably  prove  as  efficient  as  the 
present  heavier  Goliath  type  up  to  500  and  600  watts. 
Further,  there  appears  to  be  nothing  in  the  glass-work  of 
the  lamp  mounting  to  prevent  the  ordinary  Edison  screw 
socket  from  being  used  for  the  600- watt  ratings. 

The  object  of  suggesting  that  small  screw  sockets 
might  have  to  be  used  for  600  watts  is  that  as  at  pre- 
sent constructed  the  Goliath  sockets  used  with  1,000-vvatt 
lamps  have  a  temperature  rise  above  air  of  upwards  of 
100° C.  in  the  neighbourhood  of  the  rubber  insulation. 
Some  cliange  may  therefore  have  to  be  made  in  their 
design,  and  as  such  alteration  may  necessitate  an  increase 
in  the  length  of  the  socket  there  may  be  real  advantages 
in  being  able  to  dispense  with  the  Goliath  type  for  the 
600-watt  rating.  This  assumes  of  course  that  the  tem- 
peratures at  present  reached  with  600-watt  lamps  are  not 
regarded  as  excessive. 
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Socket 


Type  D,  Ordinary 
Edi:>on  screw 

Type  E  (tube) 

Ordinary  Edison  screw 

Type  F,  Goliath 
Edison  screw 

TypeG,  Goliatli 
Edison  screw 

Type  C.  Goliath 
Edison  screw 

Type  J,  Goliath 
Edison  screw 
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100  V.  <ioo  w. 
240  v./(kx)  w. 

too  V./600  w. 

J40  V./600  w. 

100  V./600  w. 
240  v./(kx)  w. 

100  v., 600  w. 

240  y.jtioo  w. 

100  V./600  w. 
J40  V./600  w. 

100  v., 600  w. 

340  V.  '«.x>  w. 


ActiuU  walt> 
dutioi;  tcttt 


Lc^  to 
trotral  contact 


Lx«d  lu 
sc^cw  tcx-krt 


C«titft  I 


too  (10  (jO  <  1.5 

Lamp  failed  l>efore  the  test  was  complete 

tKO  jii  66  (ii 

Socket  showed  excessive  heating,  probably  due 

to  bad  lamp  vacuum 

<<oo  ,  5J  ;;4  „5 

^wo  I  52  54  f.j 


597 
600 

A08 
600 


597 


til 
(}1 

tto 

57 

53 
5" 


;2 


59 


5'> 


6v 


Ml 


Taule  ». 


Type  F,  Goliatli 
Edison  screw 


""'^ 


G,  Goliath 
^dison  screw 


Type  C,  Goliath 
Edison  screw 

Type  J,  Goliutii 
Edison  scrvw 


Kiting  uf  Uinp 


too  V 

/lOOO  w. 

240  V 

./lOOO  w. 

100  V 

./looo  w. 

240  V 

/lOOO  w. 

100  V 

/lOOO  «. 

240  V 

/lOOO  \v. 

100  V 

/loao  w. 

2)11  V 

1 .  ■  •  .  \v 

ActujI  wali> 
iluflO(  Int 


994 


g8o 
994 

g8o 
994 

980 


Tcniprr. 

Ix-ad  to 
central  contact 

t^JMllu 

wrrw  MK'krI 

\.( 

103 

lo' 

ll  .■> 
I  ox 

()■ 

8.» 


20     I'ArEUSOX  :   EXPERIMENTS  ON'   HEATING   OF  SCREW-SOCKET  LAMPHOLDERS. 


The  arrangements  for  the  tests  described  below  only 
exicnded  to  tlic  use  of  one  type  of  lantern — that  illustrated 
ill  Fig.  13.     This  is  the  usual  type  sold  by  one  funi  for 


Kour  ->4  dia-. 
\^tildLt;ion    Holes 


Fig.  13. 

outside  lighting  with  metal-iilament  lamps.  It  is  impos- 
sible to  say  to  what  extent  other  types  would  show  still 
higher  temperatures,  but  there  is  little  doubt  that  many 
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lighting  fittings  are  installed  at  the  present  time  in  which 
the  rubber  insulation  of  the  leads  is  subject  to  tempera- 
tures exceeding  120°  C. 

Measurements  of  the  temperature  gradient  along  the 
cable  from  a  lamp  socket  are  given  and  discussed  later. 

Sockets  and  lamps  used  in  e.xperimcnls. — Six  types  of 
sockets  were  used  in  the  experiments — two  of  the  ordinary 


Edison  screw  pattern  and  four  of  the  Goliath  pattern. 
These  arc  illustiated  in  detail  in  Figs.  5,  7,  8,  g,  10. 
and   II. 

The  lamps  were  of  the  ordinary  clear-glass  round-bulb 
type,  tlie  ratings  being  300,  400,  600,  and  1,000  watts. 
Both  high-voltage  and  low-voltage  lamps  were  obtained 
in  some  of  these  ratings  ;  in  which  case  both  types  were 
tested,  but  with  practically  identical  results. 

Procedure  of  Icil. — The  procedure  of  test  was  very 
similar  to  that  described  for  the  radiators.  Thermo- 
junction  wires  were  led  in  with  the  leads  supplying  current 
to  the  sockets,  and  were  fixed  to  the  cable  where  it  was 
clamped  to  the  terminals.  An  additional  thcrmo-j  unci  ion 
was  taken  farther  inside  the  socket  to  give  an  indication 
of  the  temperature  of  the  space  immediately  surrounding 
the  contacts.  These  temperatures  are  scheduled  in  Tables 
5,  6,  7,  and  8. 
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The  temperature  reached  will  depend  within  a  few 
degrees  on  the  shape  of  the  lamp.  For  instance,  a 
i,ooo-watt  lamp  run  at  600  watts  will  give  a  slightly 
hotter  socket  than  a  nominal  600-watt  lamp  run  at  600 
waits. 

The  investigation  of  such  points,  however,  is  not  of  any 
value  in  connection  with  this  report,  since  such  differences 
are  likely  to  be  quite  masked  by  factors  resulting  from 
variations  in  the  design  of  fittings. 

Rcsulls. — The  results  of  tests  with  200-watt  lamps  are 
given  in  Table  5,  with  400-watt  lamps  in  Table  6,  with 
600-watt  lamps  in  Table  7,  and  with  1,000-watt  lamps 
in  Table  8. 

The  results  given  in  Tables  5  to  8  are  summarized  in 
Fig.  15,  in  which  the  mean  temperature  rise  of  all  the 
sockets  is  plotted  against  the  number  of  watts  trans- 
mitted. This  gives  a  general  indication  of  the  tempera- 
tures likely  to  be  reached  for  any  given  lamp  rating.  As  a 
general  rule  it  will  be  seen  that  tlie  number  of  watts, 
divided  by  10,  gives  in  degrees  Centigrade  the  approximate 
temperature  rise  of  the  socket  above  the  air. 

Heal   conducted   in    tlie  cable  supplying   llic  lamp. — The 
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lOi  A    UIIUHI^    I'lhi'l     lllill^      \Ml.l'.    .Ill     lilt 

leii  ,  .   I>v    llic   copper   coiuldctuik   jl  Ihc 

poiiii'i  whcic  ilicy  all-  lUiiifHil  to  llif  Liiiip  M.>ckt-t  Icr- 
iiimala.  IV>I^  were  llini  iiuttc  tu  .i«ccilJiii  wliul  wa»  the 
leini^rjlurc  (■ratiiciit  uIoD);  llir  cahlc  a«  it  It-ft  tlic  MK'kcl 
jiid  was  led  up  till-  IciiKtIi  ol  ]-iii.  )■J^  txurcl  aJiown  in 
Ki|;.  I  J.  and  to  4  Ur^jer  scale  in  Vig.  i  j. 
Thernio-junctioii>  were  iii%crti-d  .it  intervals  underneath 
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the  usually  constricted  neck  oi  the  socket  ilie  i<  ' 

Use  is  ot  the  oidrr  ol  ifu  C.  when  Ihc  LUinpiii);  ; -tt 

loo'C.     Three  inches  up  the  tube  the  temperature  filr  i» 
uhoul  (ntC.     Ihis  is  shown  graphicallv  in  Kig.  14. 


TEMPKRATURK  RISK   IN   TWIN   FLEXIliLH  WIRES.* 


By  S.  W.  Mklsom,  Associate  Member,  and   H.  C.   BoOTH. 

{I'lif^f  rtidinl  mjutti,  1914) 


This  paper  dcjU  with  the  temperature  rise  in  llcxible 
wires — (a)  Due  to  the  current  passing  throujih  them,  (b) 
due  to  heating  from  a  pendant  lamp,  (i)  when  used  for 
connection  to  electrical  heutini;  apparatus. 

(d)  Tempekati're  Rise   in*  Twin    Flexible  Wires   di'e 

TO   THE    CfRKEXT   HASSIXii   THROIOH    THEM. 

In  accordance  with  the  request  of  the  Coininittce,  tests 
were  made  in  order  to  determine  the  temperature  rise  with 
current  of  twin  flexible  wires  with  the  various  types  of 
covering  and  insuLition  in  general  use. 

The  wires  tested,  which  were  supphed  .it  the  request  of 
the  Committee  by  the  India  Rubber,  <iulta  Fcrcha,  and 
Telegraph  Works  Company,  Ltd.,  and  Messrs.  British 
Insulated  and  Helsby  Cables,  Ltd.,  were  as  follows  : — 

Tvetited  liexible  wires. — Each  conductor  was  insulated 
with  cotton  and  pure  (or  vulcanized)  rubber,  and  then 
br.tided  in  cotton  or  silk.  The  twin  flexible  wire  consisted 
of  two  of  these  braided  conductors  twisted  up  together 
to  form  a  double  cord.  The  coverings  and  insulation 
respectively  were  : — 

Silk  covered,  with  both  pure  and  vulcanized  rubber  insu- 
lation ;  cotton  covered,  with  both  pure  and  vulcanized 
rubber  insulation. 

Eacli  type  of  covering  and  insulation  was  supplied  with 
the  following  sizes  of  conductor  :  Equivalent  in  S.W.ti. 
to  N'os.  1I22,  1/30,  1/18,  1/16,  and  1/14. 

Circular  ttcxibU  ujris.— Each  conductor  was  insulated 
with  cotton  and  vulcanized  rubber.  Two  conductors  laid 
up  together  were  tilled  in  with  cotton  and  braided  over 
with  silk  to  form  a  circular  cord.  The  equivalent  sizes  of 
the  conductors  were  i/33,  1/20,  1/18,  i/id  S.W.G. 

"  Workshop"  titxibU  vires. — Each  conductor  was  insu- 
l.ited  with  cotton  and  vulcanized  rubber.  Two  conductors 
l.iid  up  together  were  tilled  in  with  cotton,  braided  over 
with  coarse  cotton  to  form  a  circular  cord,  and  covered 
with  preservative  compound.  The  equivalent  sizes  of  the 
conductors  were  1/22,  lio,  iyi8  S.W.G. 

Hetiif'-iovered  •■i-ire. —  Each  conductor  was  insulated  with 
cotton  and  vulcanized  rubber.    Two  conductors  laid   up 

•  Paper  ha»cd  nn  a  report  of  tlie  NatiuiiAl  Pliysical  Latx>ratur>' !< 
Ihc  Wirmi;  Rules  Committee  ot  the  liistilutioa. 


together  were  tilled  in  and  braided  over  with  hemp  (o  lot  in 
a  circular  cord  and  covered  with  preservative  comp<^uiid. 
The  equivalent  sizes  of  the  conductors  were  1/20,  i/ib,  1/12 
S.W.G. 

Methods  ot  lest.— The  temperature  of  the  flexible  wire 
was  determined  by  measuring  the  rise  of  resistance  uf  the 
conductor  in  the  same  manner  as  in  the  former  tests  on 
insulated  cables. 

Preliminary  observations  were  taken  wrth  t  ne  ot  the 
flexible  wires  laid  along  the  floor  and  then  suspendeil  in 
the  air.  The  final  temperature  rise  was  practically  identical 
for  both  conditions,  the  only  difference  being  ttiat  wlien 
laid  along  the  floor  the  wire  took  a  slightly  longer  tinic  to 
attain  to  its  maximum  temperature.  All  the  results  here 
given  are  therefore  for  tle.\ible  wires  suspended  honzciitally 
in  air. 

The   preliminary   observations    showed    some  discrep- 
ancies,   which    were    found    to  be    due    to    cooling    by 
i   slight  air  draughts.    The  wires  were  therefore  suspcinled 
,   in  an    enclosure    11    ft.    long.X7ft.  X3   fl.,   formed    ol 
I    muslin  of  open  mesh  which  did  not  prevent  free  circulation 
with  the  outside  air  but  was  sufficient  to  excliule  stray  air 
draughts. 

Resistance  of  eonducton, — The  conductor  of  c;ich  of  the 
flexible  wires  used  was  tested  for  resistance.  The  v.ilues 
obtained  varied  from  the  standard  resistance  by  ii.m 
—  5  per  cent  to  +  10  per  cent,  the  resistance  being 
generally  higher  than  the  standard  value.  Mic  rctuits 
given  in  the  curves  have  lieen  corrected  for  these 
divergences. 

Renilti. — The  curves  which  are  given  in  Kigs.  1  and  i 
for  each  01  the  different  types  i  ■  >; 

show  the  Connection  between  tli>  ■' 

the  current  and  current  density  respectively  tlial  c<.i re- 
sponds with  a  temperature  rise  ol>,<i-  C.  (to"  K.).ind  11  1  O. 
(20' F.i.  The  x-alues  from  which  these  curves  were  plt'iiod 
were  derived  from  the  sepai. ill  icir.pi.:.ilu[ I  :  curves 

that  were  drawn  in  the  ci-c  lI  i.i^-.  i..>  0  and 

tyjKr  of  cable  to  represent  the  Conner  '' 

and  temperature  rise  over  a  r:ii;ut^'  i'  ' 

From  these  curves  it  will  '  < 

heat  is  greater  with  the  col ■• 
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.111.1  ili.it  diL'  vulcanized  rubber  insulntion,  probably  owing 
to  its  gre.iter  tliickiic>s.  tends  to  cool  the  wire  more  than 
the  pure  rublicr  covering. 

(6)  Thk  Tkmperature   Risk  in   Flexible  Wires   used 
KOR  Pkxd.^nt  Lamps. 
According  to  the  Institution  Wiring  Rules,  par.  ^2,  sec- 
tioiib  (n)  and  (ft),  flcKible  wires  may   be  used  under  two 


to  the  authors,  in  view  of  these  different  conditions,  that 
some  experiments  with  the  object  of  ascertaining  appro.xi- 
niately  the  extent  of  the  heating  from  incandescent  lamps 
might  be  of  use  to  the  Conniiiltee  in  determining  the  safe 
maximum  currents  for  llexihle  wires  when  used  under  such 
conditions. 

A  twin  flexible  wire  of  a  size  equivalent  to  1/20  S.W.G. 
was  taken  for  the  purpose  of  the  tests,  and  was  fitted  to  a 
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distinct  conditions.  Under  section  (ft),  "  For  sub-circuits, 
etc.,"  it  may  probably  be  safely  assumed  that  any  heating 
to  which  the  flexible  wires  are  subject  will  be  due  to 
the-  current  passing  through  them.  Under  section  (a), 
"  Vor  pendant  and  portable  appliances,  etc.,"  the  heating 
fro.n  the  lamp  or  other  appliance  to  which  the  flexible  may 
be  connected  may,  however,  be  considerable.     It  occurred 


lampholder  and  ceiling-rose  in  the  ordinarj'  way.  The 
temperature  of  the  wire  was  measured  Ijy  means  of  minute 
thermo-junctions  placed  in  the  following  positions  :  A,  at 
the  lampholder  contacts ;  B,  at  the  cord  grip,  and  C,  D, 
and  E,  let  into  the  wire  at  points  at  various  distances  from 
the  lamp  as  sliown  in  Fig.  3.  Lamps  of  various  candle- 
power,  and  with  both  metal  and  carbon  filaments,  were 
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tested  with  various  shades  reprcsentinji  types  in  common 
Use.  The  sliadcs,  which  are  illustrated  in  Kij»s.  4,  5,  and  6, 
were  as  follows  : — 

1.  Small  green  and  white  opal  glass. 

2.  White  opal  glass. 

3.  Enamelled  metal. 

4.  White  opal  glass  with  gallery. 

5.  Holophane  glass. 

6.  Iced  gl.iss. 

7.  Long,  opal  glass. 

8.  Short,  opal  glass. 

9.  Clear  moulded  enclosed  glass  shade  with  gallery. 
10.  Be.ad  shade  with  gallery. 

12.  A  special  Holophane  shade  with  gallerj'. 

Shade  Xo.  11  in  Fig.  6  is  No.  4,  Fig.  4,  used  with  a 
loo-watt  metal-tilament  lamp. 

The  temperature  rise  observed  at  the  various  points  on 
the  flexible  wire  witli  the  various  lamps  and  shades  was  : — 

20-v.'att  melal-filamait  lamf>.     Temperature  rise  in  degrees  C. 

Sh.ldc  Xo.  A  B  0  D  li 

5  20  14  7  4  I 

2,2-wtitl  meial-tilament  lamp.     Tempcralure  rise  in  degrees  C. 

Shade  Xo.  A  B  C  D  E 

5  16  II  5  3  I 

55-u'(i//  metal-rilament  lamp.     Temperature  rise  in  degrees  C. 
Shade  Xo.  ..\  BODE 

1  .'3  24  15  9  3 

2  22  14  5  2  I 

3  24  16  8  3  vs 

4  17  10  5  1-5  02 

5  32  23  13  5  2 

6  22  13  s  1-4  05 

7  38  20  12  7  2 
S  26  16  4  2  — 
9  36  24  14  ;o  33 

10  30  20  10  7  3'3 

3-light  bracket  18  12  5  —  — 

Without  shade  21  iS  8  5  i 

56-u'ij//  carbon  lamp.     Temperature  rise  in  degrees  C. 

Shade  .Xo.  A  BCD  E 

4  35  23  13  6  3 

5  59  42  14  6  5 

6  47  24  12  5  I 
Without  shade  39  26  24  6  2 

loo-watt  carbon  lamp.     Temperature  rise  in  degrees  C. 

Shade  Xo.  A  B  C  U  E 


5             95 

f>5 

42 

26 

6             67 

41 

16 

8 

Without  shade  64 

42 

26 

— 

100-wait  metal-filament  lamp.    Temperature  rise  in  degrees  C. 

Shade  Xo.  A  B  C  U  E 

11  21  14  6  4  I 

12  4 1  26  9  4  I 

Without  shade  26  18  10  g  3 

This  temperature  rise  is  over  and  above  any  heating 
in  the  flexible  wire  itself  due  to  the  current  flowing 
through  it. 

Thus,  taking  the  quite  ordinary  combination  of  a  s5-watt 


metal-lilamcnt  lamp  with  shade  No.  5  or  a  i;6-walt  i6-c.p. 
carbon  lamp  with  sliack;  No.  6,  the  temperature  rise  at 
point  B,  i.e.  at  the  cord  grip,  is  24°  C.  (4V'  F),  or  about 
twice  the  temperature  rise  allowed  by  tlie  Wiring  Rules  for 
rubber  insulation.  With  lamps  of  higher  candle-power  tlie 
rise  is  considerably  greater. 

The  use  of  the  gallery  as  in  shade  No.  4  (Fig.  4)  keeps 
the  lampholder  and  flexible  wire  much  cooler  than  with 
shade  No.  2,  which  is  similar  in  size  and  material  but 
which  is  closed  at  the  top.  This  is  owing  to  the  provision 
for  allowing  the  heated  air  to  escape  from  the  top  of  the 
shade  and  to  the  effect  of  the  metal-work  in  promoting  the 
dissipation  of  heat,  as  will  be  seen  from  llie  Table. 

The  temperature  rise  with  shades  Nos.  1,  5,  7,  and  9,  all 
of  which  are  somewhat  similar  as  regards  size  and  shape, 
is  nearly  the  same.  In  the  beaded  shade,  No.  10,  it  is 
slightly  less. 

The  difference  between  the  results  obtained  with  the 
S5-watt  metal-filament  lamp  and  the  56- watt  carbon  lamp 
when  used  with  similar  shades  is  no  doubt  due  to  a  great 
extent  to  the  bulb  of  tlie  metal-lilament  lamp  being  longer, 
so  that  the  shade  does  not  so  completely  enclose  it. 

The  results  obtained  were  in  a  measure  confirmed  by  an 
examination  of  a  number  of  silk-covered  twin  flexible 
wires  that  had  been  in  use  during  the  past  ten  years  in  the 
lighting  installation  of  the  Laboratory.  Near  the  lamp- 
holder  the  pure-rubber  insulation  had  almost  disappeared 
and  the  silk  covering  was  very  weak,  but  in  the  parts  of 
the  flexible  near  the  ceiling-rose  the  silk  was  in  good  con- 
dition and  the  only  sign  of  deterioration  was  that  the 
rubber  broke  rather  easily  on  stretching. 

(c)  The  Temperature  Rise  ix  the  Flexible  Leads 
used  for  coxxectioxs  to  electrical  heating 
Apparatus. 

The  apparatus  used  for  these  tests  were  lent  by  the 
various  makers  who  were  approached  by  the  Wiring  Rules 
Committee.  The  types  were  selected  from  the  ordinary 
stock  as  fairly  covering  the  range  of  electric  heating  and 
cooking  apparatus  in  general  use  and  as  representing  the 
various  methods  adopted  of  connecting  the  flexible  leads 
to  the  apparatus. 

•  Heating  apparatus. — Fourteen  heaters  in  all,  supplied  by 
five  different  makers,  were  examined.  For  the  purposes 
of  this  report  these  have  been  classified  into  four  types, 
namely — 

(i)  Radiators   in    which    the    heating   elements  consist 
entirely  of  lamps  ; 

(2)  Combined  convector  radiators  in  which  the  heating 

element  consists  both  of  lamps  and  wire  coils,  the 
latter  running  at  a  temperature  less  than  red  heat  ; 

(3)  Convector  radiators  in  which  the  heating  elements 

are  wire  spirals  enclosed  by  silica  or  other  fire- 
proof containers  and  running  at  red  heat  ; 

(4)  Convector  heaters  in  which  the  heating  element  con- 

sists entirely  of  wire  coils  or  resistance  strip 
wound  on  some  such  material  as  uralite,  porcelain, 
or  mica,  and  running  at  a  temperature  less  than 
red  heat. 

Method  of  connection  0/  the  flexible  leads. — In  all  cases  the 
flexible  wires  were  run  to  the  bottom  of   the  apparatus. 
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Tuc  variou-  makers  adopted  widely  different  methods  of 
connecting  tta-  wires  to  the  heaters.  These  mctliods 
might  be  classilied  as  follows : — 

(a)  The  He.xihle  wires  are  passed  into  the  bottom  of  the 
radiator  case  through  a  bushed  hole  or  holes,  the  wires 
being  left  of  such  length  inside  that  it  is  possililc  for  them 
to  touch  each  other  or  the  radiator  case. 


k't'tlles. — Two  kettles  were  examined.  In  each  case  the 
connection  was  m.idc  by  means  of  split-pin  plugs  and 
socket  connectors.  The  power  required  was  0'6  and  07 
kilowatt  respectively. 

Flal  irons. — Three  flat  irons  were  tested.  The  connec- 
tions were  made  (i)  by  means  of  split  pins  lixed  to  the 
base  of  the  iron  and  a  socket  connector  ;  (2)  by  split  pins 
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KiG.  8. — Temperature  Rise  in  Leads  and  Connections  of  Heating  Apparatus  due  to  Heat  Conduction. 


(6)  The  wires  are  passed  into  the  case  as  in  (a)  but  the 
flexible  leads  are  separated  and  each  is  taken  direct  to  its 
proper  terminal.  The  length  of  flexible  wire  inside  the 
radiator  case  is  short  and  the  wires  are  'not  allowed  to 
touch  each  other  or  the  radiator  case. 

(c)  The  connections  are  made  by  means  of  plug  sockets, 
pin  plugs  being  fixed  to  and  projecting  from  the  outside  of 
the  radiator  case. 

Power. — The  rating  of  the  heaters  varied  from  0'25  to  2-5 
kilowatts. 


projecting  from  the  base,  the  flexible  wires  being  led 
through  a  long  plug  socket  connector,  the  wires  inside  the 
connector  being  kept  apart,  and  outside  the  connector 
being  fastened  round  a  cylinder  of  insulating  material ; 
and  (3),  by  wires  insulated  with  glass  beads  which  were 
brought  into  a  metal  box  on  a  level  with  the  handle 
and  were  soldered  inside  the  metal  box  to  the  flexible 
wires. 

Cooking  apparatus. — One   oven,   one  hot-plate,  and  one 
griller  were   examined.     The    oven    was    heated   by   two 


MKI.SDM    AM'    M'liiril       riM'-'-'i' ^  !  I    '!•     ii^i-     iv     |W!V     M(vii'<i.     »',""— 


■  \ii  »cic  cuiincvtcU  to  >wili.'lir> 

a  to  llic  liul-pUtc  M\d  ({rillci   \V4>   nuili-    by 
i'lil  pin->  .iiul  pluf*  socket  1'oiiiici.iui  <.. 


any 

,,f  , 


'lit  ul  wiir  tlijt  U'c! 
._.;•-,  or  u '>t.  I;  I  •••  .ti» . 

Ut    the    tt: 
t.«»C,  were  11'   l   V'   U'HUIro 


C4ch  otlurr  or  tite 


no 


lOO- 

90 


•c 
.-ro 


|60r 

E 


50 
20 
10 


T~T 


T-t 


'Y 
ZOO 


ir?ir' 


I     I     I 


tie 


0'6-Kiki»  ' 

I    I    !    I 


P 


10 


^30  -to 

Time  in  minjCes 


3<J 


00  20 

On  flexible  wire  inside 

meCdl  bo>i 


100 

.-  On  roller 


-JO  60  60 

Time  in  minutes 

Fig.  <).— Temperature  Ri^  at  Various  Points  in  llie  Kkxibic  Con 

Ouriog  the  ^Jdc«i  intrr\Al»  the  curtrt. 


100 


2  in.  dtntdUJ  from  roller 
^'20 
-_  8  •■      " 

o 
120 


f  Flat  Irons  with  Intermittenl  Hcalin;; 

rdoH 


Millu>J>  0-  leil.~ln  all  cases  the  (cmperaturc  rise  u-as 
determined  by  nican>  ot  small  thermo  junctions  let  into 
the  rubber  insulation  on  the  wires.  In  deciding  where  the 
junctions  should  be  placed  it  was  not  considered  necessary 
to  fix  them  in  any  position  other  than  that  where  the 
possible  deterioration  of  the  rubber  insulation  niij;ht  result 


Since  the  object  of  the  11.  ;  was  to 

the  extent  to  which  v;irious  p  .  liexiblcC' 

were  .ificcted  by  the  heat  diU using  from  or  radiated  by  ttie 
heating  element,  the  temperature  rise  produced  by  the 
current  carried  by  the  leads  is  not  included  in  the  valuer 
shown,  which  represent  the  net  etlect ;  the  actuai  unoutit 
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of  self-heating  having  been  determined  and  allowed  for  in 
each  case. 

The  conditions  as  regards  the  time  of  running  of  the 
apparatus  were  made  as  nearly  as  possible  the  same  as  in 
normal  working.  The  radiators  or  heaters  were  run  at  full 
load  until  they  had  reached  their  maximum  temperature. 
The  kettles  were  filled  with  cold  water,  and  after  boiling 
were  emptied  and  again  tilled  with  cold  water. 

In  the  case  of  cooking  apparatus  and  flat  irons  the 
current  was  regulated  in  accordance  with  the  instructions 
given  by  the  makers,  and   the  temperature  was   kept  at 


the  heating  effect  at  different  points  on  the  connec- 
tions are  also  given  (see  Figs.  7,  8,  and  y),  and  illustrate 
the  behaviour  in  this  respect  of  different  types  of 
apparatus. 

If  we  coiisiiler  the  whole  of  tlie  apparatus  examined,  it 
will  be  seen  tliat  generally  the  smaller  apparatus  shows  the 
greatest  heating  effects.  This  is  especially  the  case  with 
the  flat  irons  and  the  hot-plates,  which  must  necessarily 
be  more  restricted  in  size  than  radiators  and  which, 
generally  speaking,  are  required  to  work  at  high  tem- 
peratures. 


Table   i. 
Heating  Apparatus. — Temperature  Rise  {due  to  Heat  Conduction)  in  Leads  and  Connections. 
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No. 
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7 
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70 
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1 
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approximately  the  same  value  as  would  be  attained  in 
practice.  It  will,  however,  be  readily  understood  that 
where  the  heating  is  only  requiied  to  be  intermittent,  or 
where  the  ccoUng  that  takes  place  must  vary  greatly  in  the 
different  conditions  of  actual  use,  it  is  difficult  to  make 
any  fair  estimate  of  the  amount.  This  qualification  applies 
especially  to  the  case  of  the  flat  irons,  the  heating  curves 
for  which  are  show-n  in  Fig.  9. 

Summary  of  rcsutts. — An  analysis  of  the  tests  and  results 
obtained   is  given   in   Tables    1  and  2.     Curves  showing 


Assuming  that  the  normal  maximum  air  temperature  in 
a  room  is  80"  F.  (30°  C),  that  the  rise  of  temperature  due  to 
current  flowing  through  the  wires  will  not  exceed  10'  F. 
(5-6°  C),  and  that  the  safe  temperature  limit  for  rubber  is 
120  F.  (49°  C),  then  the  temperature  rise  due  to  conduction, 
etc.,  from  the  heating  apparatus  should  not  exceed  30°  F. 
(i7°C.). 

With  regard  to  the  radiators,  it  will  be  seen  from  Table  i 
that  the  temperature  rise  due  to  conduction  from  the 
apparatus  on  that  portion  of  the  flexible  wire  which  is  just 
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outiidc  Ihc  rjdUior  c*»c  wa»  with  one  esccplion  lc»»  Ihan  hole,  the  <le>igii  would  in  lhi»  rr»pcct  be  conudrr ably 
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in  Class  C,  Table  1.  where  the  temperature  rise  was 
72  F.  (40°  C.)  at  the  single  bush  through  which  the 
fle.Mble  wires  were  taken.  It  seems  clear  tliat  if  the 
flexible  leads  were  not  taken  inside  the  radiator  case,  or 
if  each  conductor  was  taken  through  a  separate  bushed 


in  most  cases  considerably  in  excess  of  ib'T'C.  (30°  F.).  the 
liighest  values  occurring  with  flat  irons.  This  is  most  unfor- 
tunate, in  view  of  the  fact  that  in  actual  use  the  wire  is 
subjected  to  far  greater  mechanical  strain  than  with  most 
of  the  other  types  of  apparatus. 
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By  1'.  P.  Wheelwright,  Member. 

{Address  delivered  3  Noviiiilhr,  11)14,) 


Ax  Ari'EAL  TO  Members. 

First  of  all  let  me  take  this,  my  ilrst,  opportunity  to 
express  my  sincere  thanks  to  the  members  for  the  honour 
that  they  have  conferred  upon  me  in  electing  me  to  be 
Chairman  of  this  Local  Section.  Let  me  also  assure  them 
that  it  will  be  my  earnest  endeavour  to  extend  the  field  of 
operation  and  the  practical  value  of  the  Institution  in  this 
part  of  the  country,  emulating  to  the  fullest  extent  the 
example  of  the  gentlemen  who  have  preceded  me  in 
office  ;  and  with  the  kind  co-operation  of  members  I  shall 
endeavour  to  discharge  the  responsibilities  of  the  chair 
worthilv,  and  so  uphold  the  position  of  the  Manchester 
Local  Section. 

The  problems  that  one  has  daily  to  solve  and  overcome 
are  easy  compared  with  the  choice  of  a  subject  for  an 
inaugural  address.  I  do  not  propose  to  present  a  technical 
paper,  for  which  a  more  suitable  occasion  would  be  an 
ordinary  meeting  where  discussion  is  allowed.  Here  I 
may  be  permitted  to  generalize  and  briefly  survey  the 
work  and  scope  of  the  electrical  engineering  industry. 
Particularly  do  I  want  to  emphasize  the  business  side, 
which  has  had  a  rapid  development  under  varying  and, 
of  late  years,  exceptional  conditions  resulting  from  legis- 
lation, social  conditions,  and  latterly  international  com- 
plications. 

The  session  upon  which  we  are  now  entering  includes 
the  reading  of  papers  of  considerable  value  and  interest. 
I  hope  that  members  will  avail  themselves  of  the  oppor- 
tunities afforded  to  benefit  mutually  by  attending  the 
meetings  regularly  and  by  contributing  to  the  discussions. 
With  our  numliers  reduced  owing  to  many  of  our  members 
having  offered  their  services  to  the  countr}',  it  is  more  than 
ever  necessary  that  we  who  remain  at  home  should,  even 
at  personal  sacrifice,  carry  on  with  redoubled  energy  the 
work  of  this  Local  Section. 

From  time  to  time  papers  will  be  read  on  subjects  of 
value  to  manufacturers.  I  should  therefore  like  to  take 
this  opportunity  of  inviting  manufacturers  to  send  repre- 
sentatives to  these  meetings  to  join  in  the  discussions, 
thereby  adding  the  commercial  to  the  technical  view, 
which  latter  is  the  more  usual  basis  of  debate.  Opinions 
of  comraeicial  engineers  are  very  valuable,  since  they  are 
ba-jcd  upon  actual  experience ;  and  I  think  the  Institution 
would  be  wise  in  doing  all  in  its  power  to  cultivate  the 
co-operation  of  these  engineers. 

The  papers  read  before  this  Institution  and  before  kindred 
Institutions  in  other  countries  become  books  of  reference 
which  are  of  inestimable  value.  I  think  that  this  material 
result  of  membership,  togethc.'  with  the  opportunities  of 
meeting  and  conversing  with  other  engineers  in  the 
various  branches  of  this  great  industry,  are  powerful 
reasons  why  young  engineers  should  join  this  Institution. 

In  the  earlier  stages  of  the  profession  the  Institution  was 


unable  to  draw  its  members  from  such  a  large  body  6f 
engineers  as  at  the  present  time,  consequently  it  was  then 
accepted  as  a  purely  technical  society,  and  rightlv  so. 
Those  days  have  passed,  and  what  is  now  required  is  to 
widen  the  scope  of  the  organization,  make  it  as  compre- 
hensive as  possible,  and  increase  tlic  advantages  of 
membership.  Not  infrequently  the  remark  is  heard, 
"  Membership  only  means  the  annual  payment  of  a 
subscription  and  the  receipt  by  post  of  a  quantity  of 
printed  matter,  acknowledged  to  be  interesting  and  for 
its  educational  value  acceptable,  but  nothing  more."  This 
is  an  exaggerated  statement  of  the  position,  but,  neverthe- 
less, the  fact  that  it  is  said  proves  tliere  is  something 
lacking. 

I  think  tliat  the  Institution  might  with  advantage  widen 
its  field  of  operation,  make  its  presence  more  felt,  and 
render  its  value  to  each  individual  very  much  greater. 
For  instance,  I  hope  that  the  time  is  not  far  distant  when 
advertisements  for  positions  of  responsibility  will  state  that 
applicants  connected  with  the  Institution  will  have  prefer- 
ence. I  do  not  wish  this  expression  of  opinion  to  be 
taken  as  a  criticism,  but  rather  as  a  suggestion  of  the 
position  to  which  we  should  all  wish  the  Institution  to 
attain. 

St.\tus  .iXD  Remuneration  of  Engineers. 

The  question  of  the  status  and  remuneration  of  the 
electrical  engineer  is  one  that  affects  and  interests  most 
of  us.  Up  to  the  present  I  consider  ihat  the  inducements 
offered  to  young  men  to  join  tlie  profession  are  insufficient. 
Analyse  the  qualities  required  of  an  engineer  connected 
with  an  electric  supply  company  or  municipal  department. 
.Good  general  education,  sound  theoretical  and  technical 
instruction,  and,  lastly,  thorough  practical  knowledge  of 
the  manufacture  and  maintenance  of  electrical  and  me- 
chanical plant,  are  necessary  ;  added  to  which  the  engineer 
in  question  must  be  keen,  resourceful,  broad  and  sound  in 
judgment,  and  a  good  leader  of  men.  Considering  that 
these  attainments  are  only  achieved  at  considerable  expense 
and  after  much  time  and  experience,  surely  when  such  an 
engineer  is  given  a  position  of  trust  the  remuneration 
should  be  a  little  more  in  proportion  to  his  responsibilities 
than  what  it  is  in  many  cases. 

The  work  of  the  electrical  engineer  in  the  future  is  a 
great  one,  as  the  ever-increasing  and  economical  applica- 
tion of  electricity  in  this  country  has  already  shown  ;  and 
only  by  persistent  labour  and  by  keeping  up-to-date  in  all 
electrical  methods  can  the  status  of  the  profession  be 
maintained. 

An  engineer  in  a  subordinate  position  has  a  hard  and 
difficult  climb  before  he  wins  what  may  be  termed  "  the 
plums  of  the  profession."  In  the  meantime  his  salary 
is  not  much  more  than  a  living  wage.     Therefore  I  should 
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EPKBCT  ok  WaK   in    nil     IVDfSTUV. 

At  the  present  lime  we  .«rc  living  in  an  :»»m"spticrc  •  i 

war.  The  complete  upluival  o(  all  intem.1'.  iicrce 

is   without    prcce^lent    ui    the   history  of    i  1.     To 

attempt  to  calculate  its  effect  upon  the  markets  ol  Kuropc 

iliiiost    futile.     The   point    which  I  w:  '    ' 

I .  is  that  there  in  here  an  unparalleled  • 

icfit.    Ti 
l<>  t!ir    |i 
the  eiccfrical 
a  ptosition  to  : 

work  under  altered  conditions  and  in  diltereiit  nurkets. 
To  be  ready  to  meet  this  much-dcUred  period  of  jMrace 
U  a  task  in  which  each  one  of  us  may  take  a  part.  That 
part  means  that  whilst  grave  and  troublous  times  continue 
abroad,  each  one  of  us  niuit  be  deteriniiicd  now  and  here 
to  make  the  nio^l  of  tlie  nicreaNed  resources  of  business 
which  arc  offered  al  home  and  arc  only  waiting  to  be 
tapped. 

Electrical  engineering  is  passing  through  an  extremely 
critical  period,  and  in  my  opinion  the  blessings  and 
benefits  to  come  depend  upon  the  present  altitude  of  the 
individual.  The  question  will  n.iturally  be  asked,  "  What 
can  the  individual  do  in  this  matter  to  aid  the  industry  r  " 
To  which  I  answer,  "  Let  him  conMdcr  for  a  moment 
whi  the  materials  he  uses. "     We  know  that  a 

con-  proportion   of    the  materials  are  of  foreign 

manufacture  :  then  let  us  see  if  the  same  materials  can 
be  obtained  at  home  to  the  advantage  of  our  own 
countrymen. 

Already  some  difficulty  has  been  experienced  in  obtain- 
ing manufactured  goods  which  up  to  the  present  time 
have  been  imported  and  sold  through  British  agents  or 
companie>  in  this  country.  Personally  I  have  found  tliat 
the  deficiency  can  be  met  by  many  existing  firms  in  this 
country  who  have  tried  in  the  past  to  obtain  their  proper 
share  of  the  market,  but  unfortunately  have  had  to  abandon 
the  effort  owing  to  the  prices  quoted  by  foreign  com- 
petitors. It  is  to  be  hoped  that  one  of  the  results  of  this 
war  will  be  the  diversion  of  Germany's  trade  into  other 
channels,  and  it  is  our  duty  to  endeavour  to  secure  from 
other  countries  the  trade  which  they  have  hitherto  c.irried 
on  with  tjermany.  The  value  of  the  exports  of  elect rical 
apparatus  from  that  country  alone  amounted  in  1913  to 
over  £'8,000,000,  and  of  this  total  more  than  Jo  per  cent 
represents  exports  to  England. 

Foreign  Competitios. 
I  regret  to  say  that  the  practice  of  many  large  purchasers 
of   securing   material   at   the   lowest    price,  regardless   of 
quality  in   many  cases,  has   helped  foreign   trade  to  the 
detriment  of  the  British. 


I  .K 

.cl  has  nude  II   possible   t' 

«MM  I  icmun  U: ■ ' ■•■■ 

with  those  of  I 
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loiei^ii     I  1     lias    not     been    t>asrd    up  < 

1..   1  -  lal    I; '    "Jlhcr   with    llie    idea    ■' 

lal  at  pri  do  nut  even   co\ 

iii.iiiiiiactuie,   sL'iii>    Willi  the  object  of   ali. 
back,  if  not  destroy,  the   British    iiiduslr\ 
!•  c    of    COl! 

411     l»e     i: 
I    by    one    cc  .  (» 

long  as  the   ]  ixie 

^t  acknowledged. 

The    reputation    of    the    British   manufacturer   in    the 
iiarkcts  of  his  own  country  and  of  the  world  is  a  surety  of 
good  work,  and  his  experience  of  this  country'- 
inents   is   uiidoubtediv  worthv  of   recognition. 


produced  by  loreign  worksiiups  ;  but  i  do  assert  t: 

makers  are  the  equal  of  their  competitors  ;  nay.  ...     .    ; 

they  will  now  rise  to  this  unparalleled  opportunity  and 
assert  their  superiority,  and  so  regain  pcrmanentlv  the 
trade  that  of  late  years  has  eluded  their  control. 

British  engineering  as  a  whole  is  recognised  as  sound 
in  principle,  although  perhaps  slow  in  taking  up  any 
change  of  policy  ;  consequently  it  must  be  our  earnest 
endeavour  to  develop  the  electrical  section  oi  this  great 
industry  on  live,  stable,  broadmindcd,  and  progressive 
lines. 

The  feeling  of   patriotism  that  has  latterly  united  all 
classes  of  men  in  upholding  our  position  as  a  nation  in 
this  crisis  needs  to  show  itself  in  the  commercial  world. 
Then,   I   venture  to  think,  the  industrv  in 
all  so  deeply  concerned  will  advance  by  lea. 

The  In'flue.n'ce  of  Patkiotism. 
.\t  this  stage  the  importance  of  endeavouring  to  keep 
our   manufacturers'   works  open,  and   their   staffs  in  fall 
employment  under  the  existing  adverse  conditions,  is  luilv 
realized  by  those  who  have  the  welfare   . 
at  heart.     Consequently  all   purchasers,  w 
small,  who  have  orders  to  give  should  11 
them.     The   Colonies  and  Dominions 
done,  and  are  doing,  whole-heartedly,  all  in  their  power 
to  supply  men  and  material  to  help  the  Mother  Country 
in  the  terrible  coiidict  which  has  been  forced  upon  her. 
I    think  one   may   say   without   hesitation    that    the    same 
spirit  and  good  feclint;  are  present  in  industrial  inaltirs, 
.111.1    ihf    ;  ■  - 

I     ^L..li        1-    .  . 

to  imitate  and   develop   iIk 

extending  the  field  of  opcr.i:  , 

trade  campaign  to  a  successful  issue.     At  the  same  time 

the    splendid    and    unprecedented    possibihties     of     the 

situation   are    such    that   too   much   caiiiiut   be  done  to 

encourage   everybody  to  assist   in   ihe  capture  of  a  fair 
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proportion  of  the  Itiulc  which  Germany  lias  taken  from 
u>  during  the  last  lo  or  15  years. 

Instinctively  in  the  midst  of  war  the  people  of  lliis  luilion 
rallv  round  each  other,  and  the  sooner  it  is  fully  under- 
stood that  economic  pressure  can  be  brought  to  bear  in 
crippling  and  stopping  German  commerce,  the  sooner 
will  this  terrible  struggle  terminate.  The  wave  of  practical 
patriotism  which  is  rolling  over  this  vast  Empire,  and  the 
earnest  desire  of  all  to  help  in  some  degree  in  national 
service,  require  only  directing  to  the  splu-rc  of  trade 
to  have  far-reaching  effects.  Patriotism  rightly  directed 
can  be  an  enormous  power  in  other  than  military  or  naval 
services.  The  tide  of  patriotism  runs  high,  but  I  fear  it 
is  not  strong  enough  to  be  a  national  defence  of  our 
industry.  The  creation  of  a  nucleus  of  a  demand  at 
reasonable  prices  in  this  country  and  its  Dominions,  by 
Governments,  municipalities,  and  large  purchasers  setting 
the  example  of  buying  in  the  home  and  colonial  markets, 
would  provide  electrical  manufacturers  with  a  sound 
foundation  upon  which  to  build  and  extend  the  industry. 
The  moral  influence  of  such  an  example  set  by  these  large 
purchasers  would  be  a  very  great  encouragement  to  other 
industrial  concerns  to  do  the  same.  Investment  in  manu- 
facturing companies  would  be  more  attractive,  and  these 
in  turn  would  be  better  able  to  extend  and  keep  up-to-date 
in  research  work  and  the  testing  of  new  processes. 

ELEtTKIFIC.iTION"    OF    RAILWAYS. 

It  is  hard  to  determine  why  the  use  of  electrical  energy 
has  not  made  greater  headway  in  railwaj'  engineering,  but  I 
think  it  mav  be  safely  said  that,  in  the  near  future,  appli- 
cations on  a  larger  scale  will  come  up  for  consideration 
as  trade  conditions  generally  are  becoming  more  and  more 
severe.  Bj'  a  number  of  the  railway  companies  electricit)' 
■is  already  utilized  to  some  extent,  but  in  no  instance  to 
the  extent  which  from  its  known  utility  and  advantages 
one  would  expect  to  be  the  case.  The  question  whether 
the  railway  companies  should  erect  their  own  generating 
stations  is  one  which  only  they  themselves  can  decide, 
but  I  do  think  that  the  tendency  to  erect  a  number  of 
stations  for  railway  purposes  alone  would  not  be  progress 
in  the  right  direction.  There  are  many  electricity  supply 
departments  of  municipalities  and  companies  which  are 
willing  and  quite  able  to  supply  the  railway  loads  at 
prices  as  low  as,  and  even  less  than,  the  cost  at  which  the 
railway  companies  could  generate  the  energy  themselves. 

It  is  sometimes  argued  that  railway  loads  and  demands 
on  generating  stations  are  exceptional,  and  unsuitable  as 
an  addition  to  the  ordinary  demand  on  an  electricity  works. 
In  my  opinion  this  is  not  so.  Some  years  ago  traction 
work  was  thought  to  be  somewhat  similarl}-  barred,  but 
experience  has  proved  that  increasingly  heavy  power  loads 
c.in  be,  and  are  being,  accepted  and  successfully  dealt  with 
throughout  the  country. 

Railway  directors  have  to  face  the  fact  that  electricity 
as  a  motive  power  is  a  force  to  be  reckoned  with,  and  if 
they  do  not  avail  themselves  of  it,  it  will  come  along 
independently  in  competition  with  existing  interests. 

Sound  Basis  of  Trading. 
I  should  now  like  to  say  a  few  words  on  the  important 
subject  of  the  purchase  of  electrical  plant.    The  price  is 
one  of  great  importance,  and  it  affects  both  the  manufac- 


turer and  the  purchaser.  The  solution  can  never  be 
reached  until  the  manufacturer  and  the  purchaser  mutually 
agree  to  consider  the  barg.iin  from  each  other's  stand- 
point ;  always  bearing  in  mind  that  the  price  is  not  the 
primary  consideration,  but  rather  efficiency,  reliability,  and 
sound  mechanical  design.  The  manufacturer  knowing 
the  output  of  his  own  works  can  supply  plant  in  many  cases 
of  only  a  certain  design  and  capacity,  and  he  is  too  often 
hampered  by  specifications  insisting  on  alterations  in 
details  and  trivial  conditions  with  which  it  is  impossible 
to  comply  except  at  greatly  increased  cost,  frequently 
involving  a  loss  on  the  contract. 

When  plant  is  required  it  seems  to  me  essential  that  the 
purchaser  should  state  fully  what  will  be  its  duty  when  in 
commercial  use,  but  he  should  not  specify  the  design, 
material,  method  of  construction,  and  other  similar 
matters,  which  are  surely  the  concern  of  the  manufacturer, 
who  should  be  left  to  give  the  purchaser  the  benefit  of  his 
greater  experience  in  all  these  matters  of  detail.  Of 
course  it  must  be  granted  that  this  principle  could  be 
carried  so  far  that  progress  in  design  would  be  retarded, 
but  healthy  rivalry  would  surely  stimulate  competition  and 
so  prevent  stagnation. 

Laeour-Savixg   Appliances. 

Manufacturing  operations  can  be  greatly  improved  by 
the  use  of  labour-saving  appliances.  Their  adoption, 
together  with  the  use  of  electricity,  tends  to  raise  working 
conditions  to  a  much  higher  level,  with  consequent 
improvement  in  the  environment  and  health  of  the 
workers.  I  think  one  may  claim  that  wherever  electricity 
can  be  applied  it  is  the  usual  motive  power  with  modern 
labour-saving  appliances,  and  that  developments  in  this 
direction  are  becoming  more  and  more  noticeable. 

Within  the  last  half  century  there  has  never  been  such 
an  opportunitv  for  consideration  of  this  question  as  at  the 
present  moment,  owing  to  the  country  having  to  an 
appreciable  extent  to  rely  upon  its  own  resources.  The 
position  is  that  the  whole,  or  nearly  the  whole,  of  our  re- 
quirements have  to  be  or  ought  to  be  within  our  own  grasp 
and  control,  and  any  excess  of  unemployment  caused  by 
the  introduction  of  labour-saving  appliances  in  one  quarter 
■  must  suit  itself  to  new  trades  or  occupations.  These  will 
have  to  be  commenced  in  the  future  so  that  as  a  nation 
we  shall  be  less  liable  to  be  adversely  affected  by  external 
causes. 

It  has  been  said,  often  in  bitterness,  that  labour-saving 
appliances  increase  unemployment.  This  surely  is  in- 
correct. Labour  is  so  adaptable  that  as  the  supply  required 
in  one  direction  decreases,  new  openings  appear  in  another. 
This  enlarges  the  field  of  labour  and  ensures  the  continuity 
of  work.  The  labour  saved  as  a  result  of  the  adoption  of 
this  class  of  machinery  is  available  for  the  manufacture 
of  additional  articles  now  imported,  or  for  employment  on 
the  land.  More  workers  on  the  land  would  add  greatly 
to  the  prosperity  and  stability  of  the  markets  of  the 
country,  and  at  the  same  time  a  larger  population  would 
be  living  under  more  healthy  and  comfortable  conditions. 

Smoke  Abate.ment. 

During  the  last  few  years  the  question  of  smoke  abate- 
ment has  been  more  and  more  brought  before  the  public 
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notice,  and  il  i»  now  bciiii;  con»nlcic«l  by  liovcrnincm 

;    ■  Tic».  and  a»!»tK-i4lioi>i,  whoic  (lulici 
1  iti  nictliucU  lor   iiiipiux  iii^   tlir 
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^.    ii.iiij>   (or,  kincc   tlicy   would   roult   in   the   improved 
.itaIiIi  i4  the  communily. 

So  far  tlie  muttci  haa  been  dealt  with  in  a  lupcrficial 
manner  :  hut  there  is  .i  prjtlic.il  vi.lulii'ii  whenever  the 
(tovernmrnt  o;ire»  to  culorii-  il  I'.ikc  .i  I  aiii.iNhiic  town 
1  :  ■ . 'I  oi  cllllnncy^  einiKint;  Miiokc  in  varying 
j...inli!n^  '.hixughuul  1.'  '  ■.;r^  o(  the  day.  and  lon^tdfr 
the  total  amount  of  coal  ;  to  the  (urn.n. 

Ih.ll   time  to  raise  tlie   -: ,uircd  lor  the   j 

— c  mills  and  workshops.     Then  calculate  the  avcragc 

...iint   of   fuel   used  per   hor-*  power-hour,  and  1   think 

■    r  ic!.all  vkill  scarcely  be  ci edited  as  true.     Yel  cari-lul 

,iiie  where 
i»  ot  the 
('laiii  aiul  ilic  "lie  to  admit 

;'ut  It  IS  the  ^  .      led. 

H  we  consider  the  amount  ol  fuel  used  iur  the  hanking 
oi  boiler  fires  each  night  and  the  opening  out  every 
!iiorning,  also  the  quantity  required  for  week-ends  in  a 
Mijiiafacluring  town  of  moderate  si/e,  I  think  we  shall  find 
i.h.i!  the  cost,  exclusive  of  labour,  must  be  >uch  that  if  the 
amount  were  expended  on  the  purchase  of  power  from  an 


outside  source,  an  api  ivrtl  amount  o4  iit4iiu- 

lacluK-d  inalrruU  cuuui  ■->  |i <-<■<•■. •^<1. 

.\nolhrr    point    in    connection    with    furl    is    that    the 

.         ■     ■    •      '      in 
"K 

•All    aviiflii^t.    lost 

the    same    l<jlal 

quantity  ol  fuel  dehveted  al  one  place  wheie  tttc  iitellujd 

of    traiuporl   can   be  carried  out   in   ttu:    iiUMt    elbcicol 

manner. 

Hearing  these  points  alone  in  mind,  it  mint  be  acknow 
lcdge<l  that  with  ihc  source  of  power  for  a  town  «  iiuiiu 
factures    situated  at    <  ihe 

rrmoval  «>f  all  Miiall   ,  ,  .lly 

Of    Course   iiiis  only   j  ot 

.        lucers  ;  the  second,  i.r  pi  ivc 

to  be  dealt  with  in  a  similar  manner  when  the  first  has 
been  remedied. 

COXCLI'SIOM. 

In  >.  .1  wish  to  say  lliat  eveiy  elt».lin.al  cii;;i- 

iVeer  n.  istaiitly  on  the  alert  lor   the  op|M>rt unities 

offered  of    bciiclitiii^   hi-    :  ;   and   the    iiidii'-lry  by 

continually  briiigiii)>  the    >  -of  tiecti  icily  and  its 

apphcations  to  the  notice  of  tiie  public.  To  do  tins  the 
engineer,  whatever  his  position  may  l>e,  lnu^t  not  only 
keep  up-to-date  with  the  progress  of  the  electrical  mdustry 
in  his  own  country,  but  must  also  watch  developments  in 
other  countries,  so  that  the  efficiency  of  any  work  that  he 
undertakes  may  be  always  of  the  highest  order. 
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By  T.  Roles,  Member. 
(Aiiiireis  ddittretl  4  Smemhir,  HJU-) 


The    choice    of   suitable   subjects   for    addresses   must 
become  yearly  more  difficult  to  those   members   of   this 
Institution  who  are  elected  chairmen  of  Local  Sections.    | 
Previous   addresses   have   covered  exhaustively  the   very 
wide   field  of   electrical  engineering,  and    it    is  therefore    | 
becoming  more  difficult  for  chairmen  to  strike  absolutely    1 
flesh    ground    unless   they  are    engaged    on    some    new 
development  of  the  industry. 

The  general  manager  of  an   electricity   supply    under- 
taking of  any  considerable  size,  even  where  he  combines 
with  that   office   the  {x>sition  of  consulting  and  resident 
engineer,  can  hardly  be  expected,  in  view  of  the  diverse    > 
duties  of  such  a  post,  to  liave  specialized  in  some  particular    ; 
technical  branch  of  the   work,  as   he  would   thereby   be 
li.ible  to  lose  grip  of  the  general  control  of  the  concern  for    , 
which  he  is  responsible. 

The   various  problems  incidental  to  the  provision  of  a 
pubhc  supply  of  electricity  on  a  more  or  less  large  scale 
have    been   extensively   dealt    with    in   addresses    during    ' 
recent  years ;  I  therefore  feel  debarred  from  taking  such 
problems  as  the  subject  of  my  address,  although  from  the    , 
business  |x>int  of  view  I  am  naturally  most  interested  in    ' 
them.     However,   in   the   present    serious   crisis    through 
which  our  country  is  passing  I  find  it  difficult  to  turn  my 
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attention  to  anything  other  than  the  war  and  its  effects,  so 
that  I  propose  to  make  a  few  remarks  on  this  subject  from 
the  point  of  view  of  the  electrical  industry. 

Dealing  first  with  the  f>ersonal  duty  of  our  members  at 
this  juncture,  1  would  suggest  that  the  hrst  question  each 
one  of  us  who  is  of  suitable  age  and  build  and  is  in  good 
health  should  ask  himself  is  :  Should  I  take  up  amis  for 
my  country  :  This  question  is  not  always  an  easy  one  to 
answer,  and  it  demands  careful  thought  before  a  decision 
is  readied.  The  .\rmy  has  vital  need  of  many  more  men 
than  have  yet  enlisted,  but  it  must  also  be  remembered 
that  were  it  not  for  work  which  must  be  carried  out  at 
home  throughout  the  period  of  the  war  our  army  abroad 
could  not  exist.  In  much  of  that  work  the  cleclrual 
industry  is  closely  concerni"d.  Treating  the  mallei  vinclly 
from  the  point  of  view  of  the  electrical  iiidustr>  t.i<.li  1 1  us 
must  there!  !cr  whether  he  can  assist   his  countiy 

Inrlter  by  W  :is  or  by  remaining  at  home  to  cairy 

out  work  which  though  more  prosaic  is  cqualh  neces>ary. 

Our  electricity  supply  undertakings  must  be  kept  going, 
otherwise  the  activities  of  factoties  and  mills  which  are 
turning  out  material  of  all  descriptions  foi  our  aiiuv  and 
navy  will  l>e  stopped  or  considerably  cuilaikd.  ilanv 
members  must  therefore  remain  at  home  to  conlrcl  and 
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riiu  these  undertakings.  Others  arc  doubtless  engaged 
with  Innis  which  are  inaniifacturins«  war  material  or  goods 
needed  directiv  or  indirectly  lor  the  campaign,  the  work  in 
regard  to  wl\ich  uuist  be  pushed  forward  in  the  most 
eflicient  and  energetic  manner. 

Havinf  considered  these  facts  and  salistied  himself  that 
he  is  in  every  way  lit  to  bear  arm.s,  the  patriotic  electrical 
engineer  should  consider  whether  the  position  that  he 
holds  can  either  be  left  vacant  for  the  period  of  the  war 
without  detriment  to  the  country's  immediate  interests,  or 
wlicther  it  can  be  tilled  witliout  serious  loss  of  efficiency 
bv  another  less  well  able  to  bear  arms  or  who  has  stronger 
personal  ties.  If  the  position  can  be  left  vacant  or  reason- 
ably well  tilled,  it  seems  apparent  that  tlie  place  of  tlic 
electrical  engineer  is  in  the  lighting  line. 

The  actual  branch  of  the  army  to  be  selected  must  be  a 
niatter  of  the  judgment  and,  as  far  as  duty  will  allow,  the 
inclination  of  each  engineer.  The  technical  corps  are 
apparently  well  lilled,  but  it  is  to  be  hoped  that  electrical 
engineers  will  not  hold  back  because  they  are  unable  to 
assist  the  military  authorities  in  work  of  an  engineering 
character.  Tiie  tr.iiuiug  received  by  an  electrical  engineer 
should  enable  him  to  display  individuality  in  a  marked 
degree  and  should  assist  considerably  in  any  military 
operation,  to  the  countr}''s  advantage  in  any  case  and 
probably  to  his  own  in  the  direction  of  promotion. 

With  regard  to  the  immediate  duties  devolving  upon 
those  electrical  engineers  who  remain  in  civil  life,  I  suggest 
that  some  of  the  most  important  of  such  duties  are  : — 

(i)  To  execute  with  energy  any  work  which  is  in  any 
way  connected  with  military  requirements. 

(2)  To  assist  by  all  means  in  their  power  persons  who  are 

anxious  to  join  the  military  forces  in  the  attainment 
of  their  desire,  and  to  encourage  those  who  are 
capable  of  bearing  arms,  and  are  in  a  position  to 
do  so,  to  enlist. 

(3)  To  assist  and  encourage  all  efforts  made  to  contribute 

towards  the  comfort  of  our  troops  on  active  service 
and  the  welfare  of  their  dependents  at  home. 

■(4)  To  support  the  sentiment  "  Business  as  usual "  with 
regard  to  the  electrical  industry  in  particular  and 
to  all  other  British  industries  in  general. 

{S)  To  furtlier   the   efforts   which   are   being   made  by  • 
British   manufacturers  to  capture  and  retain  such 
foreign  and  colonial  trade  as  has  hitherto  been  in 
the  hands  of  the  enemies  of  this  country. 

(6)  To  consider  carefully  the  methods  of  educating  and 
training  young  electrical  engineers  with  a  view  to 
reorganizing  and  improving  such  methods,  so  that 
in  future  the  design  and  manufacture  of  all 
T-lectrical  apparatus  required  for  the  Naval  and 
Military  Services  shall  be  carried  out  by  British- 
born  subjects.  Special  attention  should  also  be 
given  to  business  training,  so  that  the  methods  of 
British  firms  may  be  entirely  up-to-date  and  their 
sales  organization  controlled  by  our  own  country- 
men. 

Examining  the  above  duties  more  in  detail,  it  may  be 
stated  with  reference  to  the  first,  that  those  of  us  vvho  are 
actually  engaged  on  work  required  for  military  purposes 
should  remember  that  very  much  may  depend  on  the 
work  of  the  humblest  worker,  and  that  time  is  now  tlie 


essential  factor.  Never,  perhaps,  in  the  history  of 
the  world  has  inferior  workmanship  in  connection  with  a 
small  detail  of  apparatus,  or  delay  in  the  delivery  of  a 
machine,  had  such  far-reaching  results  as  it  may  have 
to-day.  It  therefore  behoves  each  of  us  to  do  his  best  in 
carrying  out  all  such  work,  and,  if  necessary,  to  deny 
himself  leisure  and  recreation  in  order  to  prevent  delay  in 
delivery. 

The  second  point  is  one  chiefly  for  the  consideration  of 
employers  or  those  in  control  of  men.  It  is  undoubtedly 
the  duty  of  such  persons  at  the  present  time  to  assist  and 
encourage  their  employees  to  enlist,  provided  that  delay  in 
carrymg  out  Government  contracts  or  risk  of  failure  of  the 
public  services  will  not  result.  Fellow  employees  can 
render  valuable  assistance  by  instructing  new  comers  in  the 
work  of  the  positions  vacated  by  their  colleagues  who  are 
leaving  to  fight  on  their  behalf  ;  and  they  must  remember 
that  if  volunteers  do  not  come  forward  a  levy  must  sooner 
or  later  be  made  by  the  (lovernmcnt  on  the  manhood  of 
the  country.  If  b)'  working  overtime  employees  can 
facilitate  the  early  departure  of  those  desirous  of  leaving 
for  military  service,  they  are  rendering  assistance  to  their 
countr}'.  Employers  should  also  accept  in  a  patriotic 
spirit  any  inconvenience  caused  by  men  leaving  to  enlist. 

A  word  of  advice  to  our  younger  members  who  wish  to 
serve  their  country  in  the  fighting  line  may,  however,  not 
be  out  of  place.  However  good  their  intentions  may  be 
they  should  not  vacate  any  post,  especially  in  an  under- 
taking rendering  public  service  or  a  firm  manufacturing 
goods  for  military  purposes,  without  giving  such  notice  as 
will  allow  their  employers  reasonable  time  to  fill  their 
positions. 

Our  duty  in  regard  to  the  third  point  is  obvious.  All  of 
us  must  have  read  of  the  many  discomforts  endured  un- 
complainingly by  our  troops.  All  agencies  for  supplying 
reasonable  comforts  to  our  men  should  therefore  be 
strongly  supported  by  our  members.  The  least  that  can 
be  expected  of  those  who  remain  at  home  is  that  they 
should  assist  in  bearing  the  burdens  of  the  men  at  the  front, 
and  I  would  earnestly  request  those  who  have  not  so  far 
arranged  to  do  so  to  contribute  regularly  during  the 
period  of  the  vi'ar,  and  as  long  as  necessary  after  its  . 
conclusion,  a  definite  percentage  of  their  incomes  to  the 
relief  funds  for  assisting  persons  affected  by  the  war. 

I  also  suggest  to  our  members  that  they  should  do  every- 
thing possible  to  impress  on  our  legislators  the  necessity  of 
at  once  making  provision  for  those  incapacitated  during 
the  war  and  for  their  dependents,  and  also  for  the  widows 
and  dependents  of  those  who  have  fallen.  This  is  a 
matter  that  should  not  be  left  over  to  be  dealt  with  at  a 
later  date.  A  definite  and  adequate  scale  of  pensions 
should  be  decided  on  immediately,  and  should  be  paid 
whatever  the  cost  to  the  country.  Our  reward  will  be  the 
thanks  of  those  who  have  done  so  much  for  us,  and  the 
accession  to  the  Services  of  large  numbers  of  willing 
recruits. 

Many  employers  have  arranged  to  pay  those  employees 
who  arc  performing  military  or  naval  duties  a  proportion 
of  their  usual  salaries  or  wages  during  the  period  of  those 
duties.  Such  patriotic  action  has  decided  many  men  to  enlist 
who  otherwise  could  not  have  seen  their  way  to  do  so,  and 
has  relieved  the  minds  of  many  Reservists  who  have 
perforce  had  to  rejoin  the  colours  whatever  their  feelings 


KOl.ES:   YOKKSHIKK    I.OCAl.    StXTION:   CIIAll^MAN  S   AUUKhSS. 


8S 


were  with  regard  to  tlic  iiullcr.  It  i»  lo  be  hoped  thai  itU 
ei      '  wh*>  c»n  aliord  lo  do  to  will  nuke  Micti  pay- 

I  1  llul   till-   ilc|>endciiU  o(   tho»c   »oldici»  wIu.-m: 

«  i»   tMreii   ol    411   irrr)>uUr  iialurc    uill 

1.  '|>  from   till-   rrllrf  liiiuU 

1:.,    in, 11  ■  ilurint;  tlic   War  '  i»  a 

{;i-<tl  one,  I'lil  <:  >|>un  (i>  .1  liiiiiti-d  exieiit. 

Tlic  »peiidin|>  |H)Wcr  ol  mo»l  pcr»oll^  will  In?  dc<.ic4Mr«l 
o»inj;  lo  the  increased  cost  ol  coimnodilic*.  »ubM:riplioii> 
10  charitable  (uiid»,  and  other  caute'i.  It  i»  al»o  a  remiiun- 
able  I'  ■  ixleiil  >o 

a>  III  may  be 

exi»eclc»l  111  itiU;u  ii.ii*  a>  a  icMiil  ut  lit  uai.  A>  far 
a^  li  pOMll'lc.  Iu\\t\rr  onr  ^(uniltl  i-'Vitiniie  !o  ^pfiKi 
money  in  Ihe  Nairn-  .; 

orticlf-  ■-  111  n  1h   !    ,. '  ^        „ 

and  I  -.ed  upon  by  many  a<>  luxuneit,  and  if, 

t'  '-■  >penl  only  on  Ihe  bare  necciiities 

It  is  likely  to  be  one  of  Ihe  lir»l 
to  r>ullci .  11  »i  u.a  ^iciu  lliat  llic  rij;hl  couisc  for  us  lo 
jMir-ue    i<   lo    U-.«f    .!»    nf  tilv    i^   |\.i»»itilr   >iiiiil.ir  live*  a« 


tintish  goods  as  involve  liitle  labour  in  their 
-iuviute. 

The  aim  should  be  to  provide  work  for  all  in  this  country 
during  the  war,  and  during;  the  probably  yet  more  tr>'inR 
period  when  men  who  have  joined  the  colours  resume 
civil  life.  After  these  periiids  of  depression  a  boom  in 
trade  may  reasonably  be  anticipated,  and  it  should  mean- 
while be  our  aim  to  prepare  for  such  a  boom  by  steadily 
inci easing  the  efticicncy  of  our  manufacturing  machinery, 
so  tliat  full  advantage  can  be  taken  of  improved  conditions 
by  turning  out  large  quantities  of  the  best  possible  goods. 

While  trade  is  slack  obsolete  plant  should  be  replaced 
and  improved  methods  of  driving  adopted.  If  manufac- 
turers with  spare  capital  will  adopt  this  course,  the  elec- 
trical industry  will  benefit  at  a  critical  time  and  tlie  manu- 
facturers will  reap  their  reward  later.  If  some  scheme 
could  be  devised  and  put  into  operation  whereby  manu- 
facturers having  a  limited  amount  of  capital  could  obtain 
new  plant  on  reasonable  terms,  the  country  in  general 
would  benefit  both  immediately  and  in  the  future. 

Electricity  supply  authorities  in  particular  should  carry 
out  any  ri  .ion  of  their  undertakings  that  is  neces- 

sary', thci  ;ing  work  during  any  periods  of  depres- 

sion and  ;  ilie  undertakings  for  the  large  demands 

that  will  11  iiv  result  at  a  later  date.     The  dilliculty 

of  keeping  ahead  of  the  demand  during  recent  years  has 
given  engineers  in  charge  of  such  undertakings  little 
ume  to  consider  many  details  which  would  amply  repay 
attention  ;  a  (>eriod  of  slackness  may  therefore  be 
profitably  utilized  by  them  to  examine  criticallv  their 
plant,  to  install  various  devices  which  would  tend  to  bring 
about  economy  in  working,  and  to  carry  out  schemes  of 
extension.  Those  who  pay  strict  regard  to  economy  may 
be  also  inlluenced  by  the  fact  that  the  cost  of  plant  and 
materials  will  probably  increase  immediately  a  boom  in 
trade  is  experienced. 

I  am  of  opinion  that  by  gradually  increasing  within 
reasonable  hmits  their  stocks  of  meters,  motors,  and  other 
apparatus  for  letting^ on  hue,  during  any  period  in  which 
trade  in  Ihe  electrical  industry  is  at  a  low  ebb,  central 
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of  Us  who  are  connected  with  manufacturing  conccrok.     A 

careful  study  of  therequirenientsof  customers  abi  mad  would 

appear  to  be  the  first  necessity,  after  which  our  designers 

and  woikinen  must  endeavour  to  meet  such  i>  nts 

at  least  eijually  as  well  as  our  foreign  com;  ive 

:'i  the  past,  and  at  Ihe  -  to  du  e^ci  u.'ung 

c  to  reduce  the  cost  of  n  c  while  retaining 

the  british  reputation  for  good  workmanship  and  reliable 

products. 

Whatever  opinions  may  l>e  held  in  regard  to  purchasing 
goods  from  abroad  during  normal  times,  there  is  little 
doubt  that  in  the  present  crisis  everybody  will  see  the 
necessity  of  obtaining  wherever  possible  from  British 
tirnis  any  electrical  machinery  or  apparatus  that  is 
required,  even  if  considerably  more  favourable  terms 
are  offered  by  competitors  in  neutral  countries. 

The  last  of  the  duties  set  out  earlier  in  this  address 
appears  to  me  to  be  of  extreme  importance  lo  our  industry. 
The  great  extent  to  which  the  electrical  industry  has  relied 
on  foreigners  for  the  design  and  supply  of  electrical  and 
even  meclianical  apparatus  is  well  known.  A  considerable 
proportion  of  such  apparatus  has  no  doubt  been  purchased 
abroad  owing  to  the  low  prices  at  which  it  has  been  ollcred 
compared  with  the  prices  quoted  by  British  manufac- 
turers for  similar  goods.  I  do  not  here  propose  to  discuss 
j  dumping  or  tariffs,  but  merely  wish  to  call  attention  lo 
the  fact  that  a  large  amount  of  foreign  trade  lias  been 
obtained  on  the  merits  of  the  goods  supplied.  The  elec- 
tric;U  industry  of  this  country  is  undoubtedly  III  %ied 

to  foreign  inventors  and  designers  for  the  he :ch 

has  been  made  during  recent  years.  I  may  inciitiuti  the 
inetal-lilamcnt  lamp,  the  flame  arc  lamp,  the  steam  turbine, 
the  high-speed  alternator,  and  the  magneto,  as  a  few  in- 
stances where  progress  has  been  made  by  their  aid.  The 
large  number  of  master  patents  taken  out  in  this  country 
by  foreigners  show  how  largely  we  are  dependent  upon 
the  engineers  of  other  nations  for  electrical  inventions  and 
the  design  of  electrical  apparatus. 

If  we  consider  electrical  apparatus  and  machinery 
manufactured  in  this  country  we  shall  be  surpnsed  lo  tinvl 
to  what  a  large  extent  British  tirms  work  to  designs 
;  originally  obtained  from  abroad,  and  to  learn  that  in  many 
of  our  large  works  one  or  more  of  the  chief  designers  are 
of  foreign  nationality.  I  admire  the  genius  and  capa- 
bilities ol  these  men.  A  number  of  them  are  at  the  present 
time  designing  and  supervising  Ihe  manutacture  of 
clcclricol  iiuchinery  directly  or  indirectly  required  by  the 
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Government  for  military  or  naval  purposes,  and  it  is 
doubtful  wlietlier  we  could  do  witliout  their  aid  ;  at  tlie 
verv  least  we  should  be  niucli  inconvenienced  by  their 
departure.  Is  it  wise  that  we  should  be  so  dependent 
upon  foreign  desij;ners  and  foreign-made  apparatus  not 
only  in  connection  with  Government  requirements  but  in 
the  industrv  generally  ?  I  do  not  wish  to  suggest  that  the 
majority  or  all  of  the  aliens  liolding  important  positions 
with  our  manufacturing  funis,  and  who  arc  in  many  cases 
members  of  our  Institution,  arc  not  honourable  men.  I 
feci  convinced  that  they  are  ;  but  the  fact  that  they  are 
honourable  makes  their  position  more  difiicult  lor  them  at 
such  a  time  as  the  present. 

Before  the  outbreak  of  this  war  it  was  argued  by  many 
tliat  patriotism  w.is  an  out-of-date  creed,  but  I  have  always 
inclined  to  the  opinion  tliat  in  the  lieart  of  every  true  man 
the  spark  of  patriotism  existed,  and  tliat  it  would  burst  into 
flame  in  any  crisis  which  affected  the  vital  welfare  and 
perhaps  even  the  existence  of  his  country.  Is  it  logical, 
tliereforc,  to  suppose  that  a  foreigner  can  put  iiis  whole 
heart  and  soul  into  work  required  for  the  assistance  of  his 
country's  enemies,  even  if  among  the  latter  he  has  many 
personal  friends  ? 

How  is  it  that  such  important  posts  in  our  manufacturing 
firms  are  occupied  by  persons  of  alien  birth,  either 
naturalized  or  otherwise  ?  It  cannot,  I  think,  be  sug- 
gested that  they  are  content  to  accept  lower  salaries  than 
British  engineers.  There  seems  therefore  only  one 
answer  to  my  question,  namely,  that  such  persons  are  more 
capable  in  their  particular  line  than  the  home-trained 
engineer.  Only  two  reasons  can  be  given  for  this  greater 
capability — either  the  British  temperament,  speaking  gener- 
ally, is  not  such  as  to  conduce  to  deep  study  of  intricate 
subjects  and  to  provide  tiie  concentration  of  thouglit 
needed  by  the  inventor  and  designer  ;  or  else  our 
educational  system  is  not  such  as  will  bring  forth  the 
latent  abilities  of  the  student. 

If  the  former  suggestion  is  correct,  there  is  of  course  no 
hope  of  eliminating  alien  inventors  and  designers  from  our 
works,  or  of  our  country'  taking  a  leading  position  in  the 
invention  and  design  of  electrical  apparatus,  and  we  must 
be  content  to  endeavour  to  improve  upon,  and  make  more 
practical  and  reliable,  inventions  brouglit  out  abroad. 

On  the  other  hand,  if  our  educational  system  is  at  fault, 
it  is  time  that  the  system  was  revised.  I  have  not  made  a 
study  of  educational  methods,  but  it  seems  to  me  that 
better  results  might  be  obtained  if  the  higher  branches  of 
electrical  and  mechanical  engineering  were  taught  at  a  few 


extremely  well-equipped  centres  in  this  country  by  well- 
paid  professors  having  the  very  highest  technical  qualifica- 
tions, instead  of  each  large  town  endeavouring  to  provide 
such  facilities  at  technical  schools. 

To  ilhistrate  my  meaning  I  would  cite  Leeds  and 
Bradford  ;  each  city  lias  a  well-equipped  engineering 
laboratory,  the  first  mentioned  at  the  University,  and 
the  second  at  the  Technical  College.  If  the  two  cities 
agreed  to  unite  their  classes  in  these  subjects  at  one 
centre,  it  would  appear  that  much  overlapping  and  un- 
necessary expense  could  be  prevented,  and  the  saving 
effected  could  be  utilized  in  giving  financial  assistance 
to  those  students  who  would  find  it  necess.iry  to  travel 
from  one  city  to  the  other,  as  well  as  in  providing  a 
more  complete  and  expensive  equipment  and  better 
educational  facilities  generally. 

I  suggest  that  the  educational  question  is  one  which 
might  with  advantage  receive  in  all  its  bearings  the  very 
careful  consideration  of  our  Institution. 

With  regard  to  business  training,  there  seems  to  be  a 
fairly  general  feeling  that  British  commercial  methods 
frequently  compare  unfavourably  with  those  of  foreign 
firms.  However  this  may  lie — and  I  am  in  no  position  to 
express  an  opinion  on  the  matter — the  fact  remains  that  if 
we  are  to  obtain  the  share  of  the  world's  electrical  trade 
which  we  desire,  our  business  organization  must  be 
thoroughly  up-to-date.  We  may  manufacture  the  best  of 
goods,  but  without  skill  in  our  sales  departments  the  major 
portion  of  them  will  probably  remain  in  our  warehouses. 
The  true  salesman  is  said  to  be  born,  not  made,  but  in 
order  that  he  may  obtain  the  maximum  success  his  natural 
ability  should  be  supplemented  by  a  sound  business 
education  obtained  in  a  systematic  manner  and  not  picked 
up  haphazard  whilst  carrying  out  other  duties.  It  would 
seem  especially  desirable  that  all  persons  who  are  em- 
ployed in  our  sales  departments  should  be  of  British  birth, 
asunder  such  circumstances  there  would  he  far  less  chance 
of  valuable  business  information  being  conveyed  to  foreign 
firms  than  under  the  present  conditions. 

In  conclusion,  I  may  say  that  whether  they  agree  with 
many  of  my  remarks  or  not,  I  feel  sure  that  the  members 
of  the  Yorkshire  Local  Section  have  the  true  interests  of 
their  country  and  profession  at  heart,  and  especially  in 
this  period  of  stress  will  give  unsparingly  of  their  time  and 
energies  in  promoting  those  interests  in  ways  that  they 
individually  consider  most  suitable.  Should  any  remarks 
of  mine  tend  to  assist  them  in  their  endeavours  in  the 
smallest  degree  I  shall  be  very  gratified. 
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By  Jamks  Lo\vsi)\,  Member. 


Ill  looking  (or  a  >uil4blc  >ubjcct  for  this  4d(irc!>>.  I 
(cil  I  would  be  well  advisetl  to  coiiliiie  iny>cU  lu  tliut 
branch  ol  electrical  work  tn  which  I  have  devoted  my 
altriitioii  duriiij^  piactically  the  whole  o(  the  io  years  I 
have  been  corMiciti-d  with  the  industry.  I  refer  to  the 
electrical  '■    >hip».     llcd-rc   coiiMdeiiii^   tlli^ 

>ub)ect,  arc   one   oi     tvvo   uthci     matters 

which  I  should  like  to  mention. 

First  oi  all  I  have  to  thank  memlH-rs  uf  this  Local 
Section  (or  the  great  honour  which  they  liave  conferred 
up>on   me  '   ng  nic  their  Chairiiun.     It  will  be  my 

constant  •  to  further  the  interests  ol  this  Section 

and  '  v  of  the  Institution. 

I   -  refer  to  the  exceptional   circum- 

stances undir  whicii  \vc  have  met  this  evening.  \Vc  are 
111  the  midst  of  a  great  war,  and  the  Empire  to  which  we 
belong  is  one  of  the  principal  participants.  Although  this 
country  is  not  the  actual  scene  of  operations,  yet  the  grim 
realities  of  war  are  being  daily  brought  before  us  to  an 
•,cnt.  Most  of  us  have  had  our  business 
isly  upset,  many  of  us  have  seen  sons  and 
bioUiLis,  coilcaguo  and  professional  friends,  temporarily 
lav  aside  the  ordinary  pursuits  of  peace  in  re^po^^e  to 
their  country's  call  :  all  of  us  in  fact  have  sultered  to  a 
greater  or  less  degree.  We  have  no  doubt  about  the 
ultimate  result  of  the  struggle,  but  we  naturally  find  it 
difficult  to  keep  our  attention  for  any  length  of  time  on 
our  ordinary  work.  Nevertheless,  our  Institution  has,  in 
>ely,  decided  to  do  its  utmost  to  keep  things 

1  _;nccrs  the  organization  and  equipment 

of  i;:  .^    are   becoming   of   increasing   interest 

owing  to  the  important  part  played  by  electricity.     I  am 
confident   that  our   electrical  colleagues  who  arc  at  the 
front  will  continue  to  give  an  excellent  account  of  them 
selves. 

It  is  now  quite  unnecessary  to  refer  at  any  length  to  the 
advantaj;i  -  rds  convenience  and  economy,  of  elec- 

tricity as        .  il  for  ship  lighting.     It  can  lie  shown 

conclusively  that  even  for  tramp  steamers  it  pays  to  use 
electric  light. 

Consider,  for  instance,  the  consumption  of  stores  per 
voyage  of  a  tramp  steamer  of  say  O.ooo  tons  which  is 
lighted  by  oil.  The  lighting  would  consist  of  the  usual 
two  mast-head  lamps,  the  stern  lamp,  the  side  lamps,  and 
the  lamps  for  the  rooms,  forecastle,  and  engine-room.  The 
consumption  of  oil  for  a  six  weeks'  voyage  woukl  lu-  : 
75  gallons  of  col/a  and  170  gallons  of  parafliii.  T 
equivalent  to  £'130  per  annum  for  oil  alone.  Kuilher. 
at  least  £"50  must  be  added  to  this  total  to  allow 
for  the  cost  of  latx>ur  in  trimming  and  attention,  wick, 
etc.  Then  there  is  also  the  expense  resulting  from  the 
poor  light  and  the  deposits  of  soot.  It  is  almost  impossible 
for  .in  engineer  to  look  after  his  engines  properly  when 


the  oiilv  lUumiiution  is  |m  .  a  few  oil  :  'I  it 

Ik  no  exaggeration  to  sa>    e  life  and  ^:; >   ol 

cngine-iiKun  plant  under  such  conditions  arc  not  wlul 
t'  1  be  if  lubiication  and  a  !  M  alway» 

I  out    in    suitable   and   ~ut:  There 

I  ol 
,  de- 

rate alleiKiuii  I',  paid  lo  t. 

On  the  other  hand,  an  t  ..Utioii  for  hghting 

such  a  ship  would  cost  about  i^^-too,  and  al>out  (  ton  ot 
coal  per  dav  would  be  required.  The  most  economical 
dynamo  for  a  tramp  steamer  is  one  that  runs  at  a  low 
.  350  to  450  revs,  per  mm.,  with  broad  bear- 
1  .0  in   both   the  engine  and   the   dynamo,  these 

laitci  being  tilted  on  The  number  of  nuin 

circuits  irom  the  su .  .Id  be  a  minimum,  and 

the  wires  and  cables  should  be  distributed  on  a  simple 
system,  armoured  and  braided  cables  being  used  in  the 
hold  and  in  the  engine-room,  and  lead-covered  cables  in 
the  cabins.  .\  marine  engineer  who  has  had  no  previous 
experience  of  electrical  work  could  easily  keep  such  an 
installation  in  thorough  working  order. 

In  ii<So  Mr.  Fdison  installed  on  the  .Vmcrican  steamer 
Columbia  115  lo-c.p.  lamps  and  two  dynamos  belt- 
driven  from  a  counter-shaft.  Some  months  later  the 
Cunard  steamer  Scivta  had  electric  light  installed  at  a 
cost  of  about  £1,000.  The  Sen-ia  hid  117  Swan  lamps 
and  two  arc  lamps,  representing  about  10  kw.  altogether. 
In  iSfij  the  S.S.  S'jnpunil  was  lighted  electrically  by 
Messrs.  |.  H.  Holmes  &  Co.,  and  this  was  the  lirst  ship  on 
the  Tyneside  to  be  equipped  with  electric  lii;  it. 

For  comparison  il  may  be  oi  interest  If  that 

the  well-known  White  Star  liner  Maifilic  was  fitted  in 
i.s.,.1  wiih  1,200  i6-c.p.  lamps,  and  at  tliat  time  it  was 
L-red  remarkable  that  the  exposed  navigation  lights 
aiui  (.ninpass  lights  were  electric.  The  four  dynamos  were 
Crompton  horizontal  compoutid-wound  machines,  and 
were  ilrivi  'ent  engines  of   the    Taiigyc 

compouiut  ...  .:ining  at  ;oo  revs,  per  min. 

The  wiling  oi  this  vessel  was  carried  out  on  the  single- 
wire  svstein,  with  "  ship  relurn, '  and  the  wires  were  run  in 
pitch-pine  single-groove  casings  and  carefully  Axed  in  the 
grooves  with  putty. 

The  first  insulated  wires  used  for  ship  Iig!iting  were 
covered  with  cotton  cloth  and  white  lead,  and  were 
provided    with    a    further    protection    of    rubber    tubing 

-  :  'jn    .<•    3 

\erv  tiigii  speed,  and  liie  pi'wei  ol 
liaiisinitted   by   belts  or    ropes  an.: 

dynamos.  Hells  on  board  ship  arc.  however,  objection- 
able, on  account  of  the  space  required  and  their  unslcidi- 
ness.  Many  attempts  were  made  to  get  over  the  difhculty 
of   connecting  the  low-speed  engine  and  the  high-speed 
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dynamo,  hut  these  efforts  were  for  a  long  lime  unsuccess- 
ful, as  even  friction  wheels  were  found  unsuitable  for  all 
but  the  smallest  powers.  It  was  this  demand  for  a  suitable 
engine  to  drive  a  high-speed  dynamo  which  led  to  the 
development  of  the  high-speed  engine  and  the  steam 
turbine.  When  everything  possible  has  been  said  in 
favour  of  the  relative  merits  of  an  engine  running  at  200 
and  300  revs,  per  min.  and  a  hij;h-speed  engine  at  500 
10  700  revs,  per  min..  the  steam  turbine  remains  the 
ideal  motive  power  lor  electrical  generators  on  board  ship 
because  it  completely  fulfils  the  particular  conditions  that 
there  prevail.  Its  weight  is  small,  it  occupies  less  space, 
gives  a  steadier  drive,  has  (above  a  certain  size)  a  higher 
efficiency,  is  comparatively  free  from  vibration  (an  import- 
ant factor  in  passenger  vessels),  and  having  no  reciprocating 
parts  gives  rise  to  less  wear  and  tear. 

The  use  of  electricity  in  steamers  was  at  lust  confined 
mainly  to  electric  lighting,  electric  bells,  and  a  few  tele- 
phones. Ten  years  ago  very  few  electric  motors  were  in 
use  even  on  fairly  large  steamers.  A  decided  advance  was 
made  in  1907  when  the  Cunard  Company  built  the  Lii^i- 
taiiia  and  Maiinlanid.  In  these  vessels  electric  motors 
displaced  steam  engines  for  driving  the  forced-draught 
fans,  16  50-h.p.  motors  being  employed  for  this  pur- 
pose. Considerations  of  space  and  absence  of  noise  and 
vibration  were  the  main  factors  in  the  decision  to  use 
electric  motors  in  this  case,  but  in  other  parts  of  the  ship 
electric  motors  and  apparatus  were  used  because,  in  addi- 
tion to  the  other  advantages,  the  supply  cables  could  be 
installed  without  disfiguring  the  interior  decorations  and 
without  the  risk  of  causing  damage  such  as  would  occur  at 
leaky  joints  in  steam  pipes. 

The  following  summary  will  give  some  idea  of  tlie  size 
of  the  installations  on  these  ships  : — 

In  the  Maurciania  there  were — 

16  motors,  aggregating  800  h.p.,  for  forced  draught. 

29.        „  „  2-jG    h.p.,    for    ventilation    of    the 

macliinery  space. 
18  „  „  400  h.p.,  for  au.xiliaiy  machinery  in 

the  engine-room. 
I*"'  .,  .,  52  h.p.,  for  ventilating  tlie  ship. 

5."  ..  IS')    h.p.,     for    the     thermo-tanks 

supplying  the  heated  air. 
4  „  ,,  64  h.p.,  for  refrigerating  machinery. 

-  „  „  16  h.p.,  for  two  passenger  elevators. 

4  ..  „  108  h.p.,  for  lifeboat  winches. 

8  „  ,,  48  h.p.,  for  electric  jib  cranes. 

6  „  „  78    h.p.,   for    mails    and    baggage 

hoists, 
f'  „  „  20  h.p.,  for  hoists  for  stores. 

2  „  ,,  10  h.p.,  for  printing  machinery. 

1  motor  of  5  h.p.,  for  wireless  telegraphy. 

Electric  power  to  the  amount  of  20  h.p.  was  also  used 
for  pantry  and  kitchen  service  and  for  hot-plates,  and 
80  h.p.  for  106  electric  radiators  for  special  state-rooms, 
bathrooms,  and  hospitals,  making  a  total  of  2,133  h-P-  of 
motors,  independent  of  the  power  for  lighting,  or  1,333  ^-P- 
independent  of  800  h.p.  used  for  forced  draught. 

It  will  be  noted  that  the  life-boat  winches  were  operated 
electrically,  but  electricity  was  not  used  to  any  great  e.xtent 
for  cooking  and  heating.     In  the  application  of  electricity 


to  cooking  and  heating  on  board  ship  there  is  still  a  large 
field  for  further  extensions,  but  for  complete  success 
strenuous  endeavour  and  enterprise  on  the  part  of  the 
electrical  industry  will  be  necessary. 

It  is  hardly  surprising  that  the  adoption  of  electric 
cooking  has  been  comparatively  slow  on  board  ship.  For 
a  long  time  suitable  apparatus  was  not  available  ;  and  it 
has  also  to  be  borne  in  mind  that  as  regards  cooking  and 
heating,  electricity  has  a  formidable  rival  in  the  abun- 
dant supply  of  steam  always  obtainable  on  board  ship. 
Here  again,  however,  the  disadvantages  inseparable  from 
other  melliods  tell  in  favour  of  eleclricily.  Where  coal  is 
used  in  the  kitclien  of  a  large  liner,  at  least  30  h.p.  of 
motors  are  required  in  continuous  use  to  drive  fans  for 
cooling  the  galle3'S.  On  the  other  hand,  the  initial  cost  of 
electric  heating  is  undoubtedly  higher  than  with  rival 
systems.  Over  and  above  the  heaters  themselves,  special 
cables  and  additional  generating  plant  have  to  be  provided. 
The  low  voltage  usually  employed  on  board  ship  renders 
it  necessary  to  use  larger  cables  for  heating  circuits,  and 
this  means  extra  expense.  The  running  cost  of  electrical 
apparatus  is  also  higher,  as  steam  can  be  obtained  at  a  low 
cost  from  the  boilers,  which  are  generally  situated  close  to 
the  cabins,  where  the  heat  is  most  likely  to  be  wanted. 
Notwithstanding  these  objections,  however,  the  prime 
considerations  of  comfort,  convenience,  and  xsthetic  effect, 
result  in  electricity  being  more  and  more  used  for  heating, 
and  its  universal  adoption  on  board  sliip  is  only  a  matter 
of  time. 

The  thermo-tank  system  of  heating  and  ventilation  has 
been  much  used  for  large  spaces,  such  as  the  compartments 
of  third-class  sleeping  berths.  In  this  system  (invented  by 
a  member  of  this  Local  Section)  an  electric  motor  drives  a 
fan  which  forces  air  through  a  steam  heater  (or  brine 
cooler  if  cooling  is  required),  the  air  being  distributed  by 
air  trunks.  With  by-pass  and  other  valves  very  fine 
regulation  is  obtained.  The  system  is  always  under 
control  and  the  foul  air  can  be  exhausted  at  will.  Being 
partly  electric,  the  system  naturally  appeals  to  electrical 
engineers. 

Another  system  which  is  used  for  heating  is  even  more 
difficult  to  compete  against.  In  this  system  low-pressure 
exhaust  steam  is  drawn  through  small  tubes  by  a  vacuum 
pump  placed  at  the  remote  end  of  the  system.  The  run- 
ning cost  of  this  system  is  practically  nil,  as  an  otherwise 
useless  by-product,  namely  exhaust  steam,  is  utilized. 

The  steam  engine  is  particularly  suitable  for  use  with 
winches,  as  it  is  able  to  withstand  rough  usage  and  even 
total  immersion  in  sea  water,  and  it  will  therefore  be  a 
difficult  matter  to  oust  it  from  its  present  position.  The 
electric  winch  as  at  present  designed  has  not  the  same 
qualities  to  recommend  it,  but  it  should  not  be  impossible 
so  to  improve  this  winch  as  to  make  it  preferable  in  every 
way  to  the  steam-driven  one,  in  view  of  the  fact  that  elec- 
tric cables  have  many  advantages  over  steam  pipes  on 
board  ship.  On  large  passenger  liners  where  forced- 
draught  fans  are  driven  electrically  vv-hen  the  ship  is  not  in 
port,  the  load  factor  would  be  greatly  improved  by  the  use 
of  electric  power  to  operate  winches,  cranes,  etc.,  at  times 
when  the  forced-draught  fans  would  not  be  in  operation. 

The  advent  of  motor-driven  ships,  of  course,  makes  the 
use  of  electric  auxiliaries  imperative,  and  at  least  one  steam- 
propelled  ship,  the  G.S.N.  Company's  Fauvdle,  has  recently 


I.OVVSON  :    SC'OTTISH    I.ocAl.    sEtTU)\:   C  HAIWMAN  S   ADUKKSS. 


ffJ 


been  <x{uip(H-tl  with  j  coiiipleU-  act  ul  ciccuic  ci4nc>  I' 
dlMTliai  |>in|;  and  luadlii)>  cargo. 

All  iiilciri>ltiii>  r\|H'iiii)eiil  in  electric  iiuuiiic  piuj- 
1  1  Liii  wa»  nude  on  the  ClyJc  »  icw 

.\    llii»   jk  j.iKX>-ton   oicaii-niiiiij; 

Mr 

tunc  tliat  elapsrti  l>^'l»ccii  llic  ilr«i|i;ii   jml 
o(  llie  vetxl  till   II  iiiincrcul  coiiditioii^  i 
disadvantage   ot  oil   engines.     The  price  ol  ml  luel  w.i 
neutrly  doubled,  and  this  so  chaii);ed  the  coiiiiiiercial  pros 
pccts  that  it  was  decided  not  to  proceed  with  the  entcrpriM: 
on  the  lines  on}>iiiaily  intended. 

S.S.  ••  AyL'lTANIA. 

other  ;ipp!tc;itioiis  of  rievtncitv  on   hnnr<\  ship  sre    '■ 
null 
but  u 
description  ot  tlu  it  o(  (he  Aquilaniii 

— Bntain  s  lariJcst   .i.i^.      .i-i.^ '1   particular   interest 

owinf>  to  the  lait<c  number  of  electric  devices  that  luvc 
biwi!  A    on  this  vessel. 

K  even    in    the    preliminary 

k  crane^  being  erected  aloiij; 
I  ,  i;    bertli.     When    the    vi-ssel 

came  to  be  laiiiKiicd  the  same  power  was  adopted  (or 
releasing  the  triggers  of  the  launching  gear,  as  well  as 
the  mechanism  for  breaking  the  ceremonial  bottle  of  wine 
against  the  side  of  the  ship. 

The  overall  dimensions  of  this  vessel  are  901  ft.  X  97  ft. 
X  (m  ft.  .\ccomiiiodation  has  been  provided  for  3.230 
passengers  and  a  crew  of  973,  making  a  total  of  4,203 
persons. 

Generaton. — The   generating  station   is   in    a   compart- 
ment placed  between  No.  3  and  N'o.  4  lioiler- rooms.     The 
generators  consist  of  four  British   Westinghousc  400  kw., 
1,500  revs,  per  min.,   325-volt   continuous-current   turbo- 
■     s  with  slip-rings  and  static  balancers  for  3-wire 
<n.       These     static     balancers     were     designed 
to  Uc^   with   an  out-of-balance   current    in    the   middle 
wire  equal  to   12  per  cent   ol   the  full-load  current  of  the 
Kach    turbine   can    work   up   to    25   per   cent 
.  when  supplied  with  steam  at  a  pressure  of  150  lb. 
per  sq.  in.,  and  exhausting  against    a   back   pressure   of 
30    lb.  per   sq.   in.   absolute.     The   turbines   are    of    the 
standard  impulse  tyf>e  and  have   three   rotating  wlieels, 
eacli  carrying  two  rows  of  blades. 

The  generators  ore  fitted  with  radial  commutators  and 
ventilated  brush-gear.  To  ventilate  these  generators  air 
is  conveyed  in  sheet-steel  ducts  from  the  top  deck,  the 
ducts  being  led  below  the  bedplate  of  the  generators. 
Special  in-take  pipes  are  provided  at  the  turbine  end  of 
the  generator  to  supply  air  to  the  armature  and  lield,  and 
at  the  outbo.ird  end  of  the  generator  to  supply  air  to  the 
brush-gear.  Each  generator  is  tilled  with  fans  capable 
of  forcing  a  suflicient  quantity  of  air  through  the  machine 
to  keep  the  temperature  rise  of  all  the  parts  witluii  tlie 
le  of  40-  C.  The  lurhines  aie  tilled  witli 
1.  ivernors  which   come  into   opcraliuii  \^heii 

the  sfH-ed  rises  10  per  cent  above  the  normal  and  cut 
off  the  supply  of  steam. 

The  3-wirc  system  has  been  adopted,  with  a  pressure 
of  220  volts  across  the  outer  conductors  and  of   1 10  volts 


I.  apaii  Iroiii  (he  Mvmg  ul 
....    the   leductKNi   III   (lie  »i«e 
le    cenefators   and    lliotur*,    the 
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lie   IS   api 


I    oi 
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■IS    and    '  "= 

a.    With  u  „       ,  •"»e 

lor    auxiliaries    the    lendciK  y    1^    towards    the    use   ot    a 

'    ; ;    ■    Its,  and  wiih  lli  -      " ""^.r  ^huuld 

on  Ixiaid   '■li  >"  land 

,   U    Iht  'de    attd 

.;    (iltcd   .  «--''    C**^ 

:  flltJ. 

II  >u./iA6<'jr</.— The  uuin  swttctiJ'oatd  1-  4;  »'   •""g 
and  IS  designed  for  the  control  of  ( 
with  their  static  balancers,  10  feca. 

and  14  feeder  circuits  for  power.  For  each  geiieratoi 
there  are  two  circuit-breakers  of  3,000  amperes  capacity, 
fitted  Willi  a  lime-lag  attacliiiieiU  on  the  overload  reU-asc. 
(  '  1  pair  ol  I'  ■  ^»'"' 

,e  release;  •'••' 

a  reverse  current  of   lu  pel  teiil  ,  .>  be 

opened  or  closed  electrically  Iroin  i  ■tch 

placed  on  the  instrument  panel  in  the  centre  ol  ine  l>oaid 
The  circuit-breakers  can  also  l>c  operated  by  hand.  These 
large  circuit-breakers  are  placed  on  the  outer  ends  o(  (he 

board,  as  nearly  as  possible  opposite  to  tli        .^ors. 

while  near  the  centre  there  are  two  panels  ..  ibc 

instrumenls.  a  shunt  regulator,  a  balancer  swiUJi,  a  iluioIc 
control  switch,  and  a  middle-wire  ammeter  (or  each 
machine. 

The  cenUc  panel  is  devoted  to  the  middle-wire  Icederi. 
These  are  coupled  direct  (o  the  neutral  busbar  tlirougli 
ammeter  ^hunts,  and  each  neutral  feeder  is  connected 
to  lis  own  cenlral-rero  ammeter.  The  neutral  bar  is 
connected  to  earth  through  a  central-zero  ammeter,  a 
variable  resistance,  and  the  main  switch  :  and  a  contactor, 
the  u-e  ol  which  will  be  referred  to  later,  is  titled  m 
parallel  with  this  switch. 

The  feeders  arc  provided  with  a  circuit-breaker  on 
each  pole,  time-lag  devices  being  fitted  in  all  cases  and 
above  each  pair  of  circuit-breakers  a  2-way  doublc-poie 
switch  and  a  moving-coil  ammeter  are  placed.  A  shunt  is 
iii(roduced  in  each  feeder  and  is  connected  to  the  3-w«y 
switch  so  that  the  aimnetcr  may  be  used  (or  either  a 
positive  or  a  negative  feeder.  These  (eeder  panels  are 
placed  lielween  the  instrument  panels  in  the  centre  and 
the  generator  circuit-breakers  at  each  side. 

Referring  now  to  the  middle-wire  earth  switch  and 
the  contactor  in  parallel  with  it,  normally  these  switches 
are  open  and  the  installation  runs  with  on  unearthed 
1.  .cvei,  the    variable 

I...  blc  currcir.  ilows, 

llic     lltalii    eailll    swilwll     i  "> 

opci.iled  by  iticaus  of  a  j  lilr 

cord.     It  IS  thus  possible  to  stand  in  iront  i.  der 

ammeter,   make   and    break    the    earth    coi:  '«d 

observe  any  sudden  movement  in  the  needle  ol  Ihc 
instrument.     I(  the  (ault  is  not  obscrve<l  m  (he  ncgadvc 
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feeders,  llie  2-way  switches  arc  changed  over  to  the 
positive  feeders  and  the  operation  is  repeated.  In  order 
to  guard  aj^ainst  the  overloading  of  the  balancers,  the 
positive  and  negative  circuit-breakers  arc  coupled  together 
by  connecting  rods  so  as  to  ensure  both  being  tripped 
simultaneously. 

AAiiiH  cables.— Power  is  transmitted  from  the  main 
swilchboaid  to  14  220-volt  auxiliary  switchboards  and  also 
to  10  3-wire  auxiliary  switchboards  for  the  iio-volt  supply. 
These  boards  are  placed  at  different  positions  on  the  port 
and  starboard  sides,  and  cross-connecting  cables  are  pro- 
vided, so  that  in  the  event  of  failure  of  one  section  the 
supply  can  be  maintained  from  the  other  side. 

Wiring. — The  total  length  of  the  single  wires  installed 
amounts  to  approximately  135  miles,  and  of  the  stranded 
and  multiple  cables  to  65  miles,  making  in  all  about  200  miles 
of  cable.  The  gross  weight  of  all  the  wires,  including 
their  insulation,  is  estimated  to  be  about  50  tons,  and  the 
total  weight  of  copper  to  be  about  25  tons.  If  rolled 
into  a  No.  16  S.W.G.  wire  it  would  stretch  over  800  miles. 
The  largest  cable  is  of  075  sq.  in.  cross  section,  and  there 
are  about  5,600  yards  of  0-5  sq.  in.  cable  and  several  lengths 
of  o'35  sq.  in.,  o"3  sq.  in.,  and  025  sq.  in.  cables.  Something 
like  90,003  porcelain  insulators  and  100,000  screws  have 
been  used  in  the  work. 

With  a  view  to  preventing  the  possibility  of  a  fire  starting 
owing  to  a  failure  of  the  electrical  installation — and  such 
fires  have  undoubted!}'  occurred — special  precautions  have 
been  taken  in  regard  to  the  mains,  sub-mains,  and  branch 
wiring,  and  the  woodwork  of  the  ship  has  been  specially 
constructed  so  as  to  contain  the  wires  and  give  easy  and 
rapid  access  to  them.  Special  care  was  taken  to  keep  all 
positive  and  negative  wires  in  separate  grooves.  The  main 
feeders  and  220-volt  cables  are  fi.xed  close  together  in 
small  clamped  insulators,  and  all  cables  are  insulated  with 
the  highest-grade  vulcanized  indiarubber,  so  that  it  is 
confidently  anticipated  that  their  life  vi'ill  at  least  be  equal 
to  that  of  the  vessel.  It  would  certainly  appear  as  if 
nothing  short  of  an  accident  would  injure  them.  It  should 
be  noted,  however,  that  the  life  of  a  cable  depends  to  no 
small  extent  on  the  care  with  which  its  position  on  board 
ship  is  selected,  and  to  the  care  taken  in  installing  it.  This 
result  can  only  be  ensured  by  employing  thoroughly 
reliable  wiremen  and  a  staff  of  trained  supervisors.  In 
the  Aqiiitania  the  leads  for  wires  were  designed  so  that 
a  workman  would  find  it  difficult  to  place  the  wires  in  any 
other  position  than  that  dciinitelj'  arranged  for  them  ; 
while  in  order  that  the  various  circuits  should  be  easily 
traceable,  the  wires  are  of  different  colours. 

Poncr  iusliillalion. — Time  will  not  permit  me  to  refer  to 
all  the  applications  of  electric  power  on  board  this  ship  ;  I 
therefore  propose  to  give  the  following  tabulated  list  of  the 
motors  which  have  been  installed  and  the  purposes  for 
which  tiiey  are  used  : — 

14  motors,  aggregating  700  h.p.,  for  forced  draught. 
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479  h.p.,  for  ventilation  of  machinery 

spaces. 
333  h.p.,  for  auxiliary  machinery  in 

engine-room. 
182  h.p.,  for  ventilating  the  ship. 
205  h.p.,  for  thermo-tanks  supplying 

heated  air. 


5  motors,  aggregating  42'5   h.p.,   for    ist   and   2nd    class 

passenger  lifts. 
2         ..  „  60  h.p.,  for  life-boat  winches. 

4  ..  ,,  46  h.p.,  for  electric  jib  cranes. 

2  .,  „  30  h.p.,  for  mail  and  liaggage  lifts. 

3  ,.  ,,  22'5    h.p.,    for   stores    and    service 

lifts. 
2         ,,  „  2  h.p.,  for  printing  machinery. 

5  „  ,;  8  h.p.,  for  gymnasium. 

I  motor  of  i'5  h.p.,  for  sounding  machines. 

1         ,,  „  2  h.p.,  for  a  gyroscope. 

I         „  „  10  h.p.,  for  a  deck  winch. 

There  is  also  131  horse-power  of  culinary  apparatus, 
including  2  electric  grills,  dough  mixers,  dish-washers, 
toasters,  etc.,  a  number  of  which  are  motor  driven  ;  7  h.p. 
for  log  fires  ;  and  lo  loo-ampere  shore-winch  connections. 
The  total  number  of  motors  is  therefore  200,  aggregat- 
ing 1,890  h.p.,  together  with  700  h.p.  for  forced  draught. 
These  motors  range  from  J  to  50  h.p.  each,  and  the 
cables  for  them  are  for  the  most  part  supported  on 
insulators  as  previously  described,  and  with  one  or  two 
exceptions  all  motors  arc  wound  for  a  pressure  of  220  volts 
and  are  connected  to  the  outer  conductors  of  the  3-wire 
system.  Compared  with  the  Lusitania  and  the  Maurdaiiia 
it  will  be  noticed  that  while  there  are  fewer  forced-draught 
fans,  there  is  a  considerable  increase  in  the  horse-power 
required  for  ventilation,  etc. 

Lighting. — Metal-filament  lamps  have  been  used  through- 
out for  lighting,  except  in  the  engine-rooms,  boiler-rooms, 
stores,  and  in  the  case  of  portable  lamps  and  clusters. 
Nearly  10,000  lamps  have  been  installed,  and  these  are 
supplied  at  a  pressure  of  no  volts,  the  load  being  as  nearly 
as  possible  balanced  on  either  side  of  the  3-wire  system. 
Along  each  side  of  the  vessel  there  are  also  10  life-boat 
lamps,  each  of  300  c.p.,  which  provide  light  for  the  boat 
deck  ;  when  necessary,  these  lamps  can  be  inclined  out- 
wards so  as  to  illuminate  the  ship's  sides.  These  lamps 
are  operated  by  contactors,  which  are  controlled  by 
switches  placed  on  the  bridge.  There  are  also  four 
loo-ampere  connections  for  searchlights. 

All  the  fittings  were  chosen  with  a  view  to  obtaining 
glassware  that  can  be  quickly  removed  for  cleaning  and 
for  the  renewal  of  lamps.  The  main  entrance,  writing 
room,  dining  saloon,  and  foyer  have  been  fitted  with 
6-light  fluted  glass  dishes,  mounted  on  a  new  type  of 
bayonet  fixture  which  allows  the  glass  dishes  to  be 
instantly  removed.  The  lounge  has  been  lighted  by 
"  sunflower "  fittings  of  special  design,  together  with 
about  200  linolite  lamps  around  the  base  of  the  raised 
roof  in  the  centre.  The  w'ell  in  the  dining  saloon  is 
lighted  by  four  large  dolphin  motives  in  the  corners,  four 
smaller  fittings  of  similar  make  in  the  centre,  and  two 
large  fittings  on  the  floor  level  in  the  form  of  a  water 
fountain,  but  with  an  alabaster  shell  basin  containing 
lamps  instead  of  the  ordinary  basin  and  jet  of  water. 
These  fittings  were  mainly  designed  to  illuminate  the 
paintings  on  the  ceilings.  The  smoking  room  has  lanterns 
of  handsome  appearance  together  with  linolite  lamps  in 
domes.  All  the  second-class  rooms  are  fitted  with  glass 
fittings  close  to  the  ceiling,  giving  a  very  soft  lighting 
effect,  and  the  swimming  bath  has  been  illuminated  in  the 
same  manner.     Sign   lanterns  to  the  number  of   120  arc 
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•itlctl  M  lilt  c-nlijiiwo.  >iIIkc»,  etc  ,  jiul  luiticuUr 

mention  ii\4y  t<«  in.it.lc  . .  ..  ,  ..;al  iiltiiit;  which  i%  uacd  at 
all  hrr-tvuM-  Imjkc*. 

/  "  '.  — M4ny  drvicrs  and 

a|<,  I'cuiiii^  the  safety  u( 

the    »iii|>,  •iitU    t^.cM.    .tiv    uU   iiiuit  ur  lr»  cuiilrolU'tl    '■ 
cicvtricitv       To   dclixl    any   outbreak   ot    liir,    On-    m 
hi'!  '.ihI  u'llh  (he   Kicli   iiijiini'  tiic-in 

CXI  '  >y>tciu,  and  in  llir  p.k>>cii}>cr  .ic\ 

Ity;  -  autoniutic  alariiu  oi  the  thcrtiiotlat  type  and 

77  ;mi..i<^  ^iai>  "  pu->hc»  have  tvMrn  in»I:tlled.  An  indicator 
(or  both  tlie»e  >V!>teiii«  i»  placeil  on  the  bridt>e. 

Thcreisai!  cinofwali  iiinent*, 

and   all  the  ^    Ivlott  tn    the 

load-line,  44  111  la. 
operated  on  ttie  > 

(hey  can  Ite  closed  in  a  lew  sccond>  trom  the  bndt^e, 
where  there  is  an  electrically  controlled  indicator.  There 
is  a  similar  indicator  at  the  entiine-rooin  startini;  pUtlorm. 

Another  rather  iinportuiit  titling  on  the  bridge  is 
Martina  patent  duplex  ;iulonulic  in.i>lhead  and  side-light 
indicator.     1  AOik  in  conjunc- 

tion   with    ^  COllt.»ll!!!iy   two 

jj-c.p.  tilanu  lit 

lanterns.     1^  ch 

lamp,  namely,  one  wire  to  supply  the  working  hl.iment 
and  one  wire  for  the  return  current  from  cither  iilament. 
The  return  current  pas>e>  through  the  lamp  collar  and 
lanipholder.  The  indicator  is  >o  arr.mgcd  th.-it  when  a 
sound  lamp  is  in  use  the  current  passes  through  the 
cK .  Its  way  !o  the  lamp  .tnd  only  one  of  the 

til.  .J, /.«•.  the  working  lil.iincnt.     Should  this 

tilament  tail,  or  should  the  circuit  be  interrupted  from  any 
cause,  the  magnet  armature  falls  and  switches  into  the 
circuit  (11  the  reserve  tilament,  (21  the  indicator  light,  and 
(3)  the  alarm  bell,  the  three  operations  being  simultaneously 
effected.  In  order  to  stop  the  bell  ringing,  the  ofiicer 
pushes  up  the  barrel  switch,  and  as  this  opcr.ition  in>erts 
the  magnet  in  the  rescrve-lilament  circuit,  tlic  barrel 
switch  is  held  up  by  the  magiK-t  armature.  .Vs  the  reserve 
filament  is  not  screened  strictly  in  .iccordancc  with  the 
lioard  of  Trade  Regulations,  a  new  lamp  must  afterwards 
be  fitted  as  soon  as  possible.  Should  both  filaments  fail, 
the  bell  can  only  be  stopped  by  disconnecting  the  circuit. 
Only  shunted  bells  are  used  with  this  apparatus.  The 
current  for  the  indicator  flows  through  a  change-over 
switch  and  i>  ob;  ii  either  the  port  or  sl.irlxi.ird 

feeder  system,  th  ng  against  a  failure  in  thejiiavi- 

gating  lights. 

For  communication  with  other  vessels  at  night  two 
.-Vdmiralty  Morse  signalling  lamps  have  been  titled,  one  on 
the  masthead  and  the  other  on  the  Hying  bridge.  Two 
electrically-controlled  whistles  arc  fitted  on  the  funnels, 
and  these  whistles  are  equipped  with  an  electric  time-con- 
trol on  the  WilU  tt-Brnce  sv^ti-ni  wht-nbv  t!<ev  tn  l>l.iwn 
au' 

\  :  11 

the  bridge  every  movement  ol  the  rudder  and  the  angular 
position  of  the  latter.  The  2-h.p.  motor  used  on  the 
gyroscope  is  operated  in  connection  with  the  instrument 
for  recording  oscillations  of  the  ship.  .\  submarine  signal- 
ling appar.itus  is  fitted,  the  receivers  being  placed  in  a 
small  telephone  cabinet  on  the  bridge. 


.\ 
lllui 

roo: 
the  I 


■icr.     Ill 

\  II.  t     I'M     %\aiiiiii^    (tie    c"     ' 
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•c       .\  b..! 
■  m.«<1e 


indicates  tlie  nuinlier  oi 

electric  tell-tale  i>  cum 

iiiforination  of  the  ciigiiierrk. 


master  clocii  loi    .1 

the  ship-<  tunc  ac.  ,  „  :,  '. 

of  the  operating  officer. 

Eighteen  loud-spcakinfi  telephones  have  Iteer  •"-•••n.  -1 
'to  facilitate  the    luvigation   of  the  ship   and  l 

of   the  main    and   auxiliary  '  I" 

divided  into  three   sections  : 

(between  the  following  po-ilioii^  . — 

(11  From   the    upper   ami   lower    budges   to   the    fore- 
castle,  crow's   nest,    and    after-wheel    house,    the    Later 

position  being  provided  with  a  i-way  change-over  switcli 
i   to  connect  the  after-docking  bridge. 

(1)  From  the  upper  and  lower  bridges  to  the  starting 

platform  in   the  engine-room  and  the  steering  Rear,  and 
j   from  the  latter  position  to  the  chief  • 
I        1^31  From  the  main  engine-room  to  : 

oflice,  condeiiser-room,  dynamo-room,  puiiip-ruom,   iciri- 

gerator,  and  steering  gear. 

On   the   upper   and  after-docking  bridges  each  instru- 
I    mcnt  is  mounted  within  a  pohshcd  metal  hood  secured 

to  a   brass   pillar,  the   hood,  which  is  of   a  new  de^i^n. 

being  arranged  so  that  when  open  it  forms  an  efi'. . 

wind    screen    lor    the    telephone.     Each    of     the 

svste.-ns  is  supplied  with  elcctric.il  energy  fro:n  a  battery 

of  six  large  cells,  giving  a  pressure  of  9  volts. 
I  For  the  use  of  the  captain,  chief  engineer,  purser, 
I  doctor,  stewards'  department,  and  other  oflScers.  27  inler- 
'  communication  telephones  have  lieen  installed.  It  will 
,  be  remembered  that  on  the  .I/jiuc-Mm/j  there  was  a 
I  telephone  exchange  so  that  passenger-  could  coiU'erse 
!   with  one  anotliei,  and  on  arriv.il  111    port    the 

on  the  ship  was  connected  to  the  Liverpo  ■!  o-^ 

exchange  :    but    owing    to    passengers    1: 

advantage    of    the    service    1^ which     is    j 

accounted  for    by    iheir    using    the    wireless    telegnpli 

service  instead  I,  an  exchange  !ias  not  been  titled  oi\  f.c 

Aiiuit.tnui. 

i;         :■'  

the 

so  as   lu   U(    .1  i^h,    itic 

brought  up   i:  e  slotted  . 

the  sides  of  the  indicator.     In  the  top  seciion  a  D^i.-ier 

and  a  relay  arc  fitted  and  two   2-way  swi:che-       i'..  ,1 

"  bell   and   light "   and   "  locil   and   master. 

switch   is   on   the    "  bell  '    position   the   y 

push  in    a    state-room  drops   the   shutter 

buzzer  in  the  usu.d  way.  bui  w.'ien  on  the  "  Ij;  .1    ■^jau.uu 
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the  current  from  the  prinwry  causes  tlic  shutter  to  drop 
and  the  rclav  to  close,  tlierebv  switcliiny  in  circuit  a 
lio-volt  lamp.  This  lamp  is  specially  constructed  and 
is  situated  in  the  alley-way  immediately  opposite  to  the 
indicator.  The  lamp  is  made  with  two  red  bulls'  eyes, 
which  shine  down  the  alley-way  in  each  direction  and 
show  the  attendant  which  indicator  has  been  operated  ; 
while  a  third  lens  in  the  lamp  shines  on  the  indicator 
and  lights  it  at  night-time.  By  operatint;  the  replace- 
ment rod  the  light  is  switched  off.  The  other  switch 
referred  to  is  for  use  when  tlie  stew:u-ds  arc  off  duty,  the 
call  being  transferred  to  the  "  master "  indicator.  The 
comfort  and  convenience  of  the  passengers  have  thus  been 
carefully  studied  so  that  they  will  not  be  disturbed  by  the 
ringing  of  bells  during  the  night. 

Emcrgt-iicy  sel. — A  separate  circuit  of  700  lamps  is  con- 
nected to  the  emergency  set,  these  lamps  being  distributed 
throughout  the  public  rooms  and  passages  on  10  decks, 
so  that  in  the  event  of  failure  of  the  main  generating 
plant  sulTicient  light  would  be  provided  to  enable  pas- 
sengers and  crew  to  lind  their  way  about.  The  life-boat 
lamps  and  deck  lamps,  and  of  course  the  wireless 
apparatus,  are  all  connected  to  this  source  of  supply  at 
times  of  eniergencv.  Under  normal  conditions  current  is 
supplied  from  the  main  generator,  and  when  it  is  required 
■  from  the  emergency  set  a  change-over  switch  has  to  be 
operated.     The  emergency  plant  is  situated  at  the    after 


end  of  "A"  deck,  far  above  the  water-line,  and  it 
consists  of  a  45-b.h.p.  Diesel  engine  coupled  to  a  ^o-kw. 
Westingliouse  generator.  .\  special  switchboard  is  fitted 
alongside  the  plant. 

Marconi  wirelcs'i  iiisUillalioii. — The  wireless  station  is  situ- 
ated on  the  boat  deck  amidships,  and  is  designed  to  provide 
a  working  range  by  day  of  650  miles  over  open  water  when 
employed  with  an  aerial  having  a  mean  height  of  130  ft. 
The  maximuui  range  by  night  under  favourable  conditions 
will  be  at  least  twice  that  by  day.  The  aerial  consists  of 
four  parallel  wires  evenly  spaced  on  asli  suspenders  and 
I  stretched  between  the  masts.  The  earth  connections  are 
of  insulated  copper,  and  are  connected  to  convenient 
points  in  the  liull. 

One  other  interesting  innovation  is  the  provision  of  two 
Thornycroft  motor-boats  fitted  with  Marconi  wireless 
installations,  by  which  they  can  communicate  with  other 
vessels  when  afloat — a  valuable  provision  in  time  of  emer- 
gency. The  aerial  wires  are  carried  on  two  25  ft.  bamboo 
masts,  which  may  be  lowered  on  to  the  decks  when  not 
in  use.  The  receiving  range  for  these  motor-boats  is  300 
miles. 

In  conclusion,  I  should  like  to  draw  attention  to  the 
importance  of  recent  applications  of  wireless  telegraphy 
to  shipping,  as,  for  instance,  the  transmission  of  weather 
reports  and  time  signals,  the  location  of  ships  in  distress, 
and  in  various  other  directions  which  are  well  known. 


ELECTRIC   COOKING   AND  HEATING    IN    PRIVATE    HOUSES. 


By  \V.  A.  GiLLOTT,  Associate  Member. 
(Pafcr  receh'cd  21  March,  and  read  before  the  Newcastle  Local  Section  4  May,  1914) 

ABSTRACT. 


If  properly  installed,  electrical  cooking  apparatus  will 
compare  very  favourably  with  other  cooking  appliances, 
in  regard  both  to  cost  and  to  actual  results. 

With  a  few  exceptions,  electrical  manufacturers  have 
shown  a  tendency  to  standardize  the  ordinary  type  of  gas 
cooker  and  merely  to  replace  gas  burners,  etc.,  by  elec- 
trically-heated elements,  the  reason  probably  being  that  it 
is  found  easier  to  induce  the  public  to  adopt  cookers  similar 
in  outward  appearance  to  those  with  which  they  are 
already  familiar.  This  practice,  however,  is  entirely  wrong, 
and  electric  cooking  will  be  to  a  certain  extent  retarded  in 
its  progress  until  a  properly  designed  electric  cooker  is 
placed  upon  the  market.  It  seems  absurd  to  tell  consumers 
about  the  cleanliness  of  electric  cookers  and  then  to  supply 
a  cooker  with  a  black  outside  and  numerous  crevices  in 
which  dirt  can  accumulate.  The  author  is  experimenting 
with  an  entirely  new  design  of  electric  cooker  constructed 
to  0%'ercome  these  difhculties.  It  is  fitted  with  a  horizontal 
oven,  three  hot-plates,  and  a  grill  ;  a  hot-cupboard  also 
being  provided.  The  outfit  stands  on  four  feet,  and  is 
giving  good  results  under  test. 

One  of  the  chief  advantages  of  using  electricity  for  cook- 
ing is  the  ability  to  obtain  exact  control,  and  to  place  the 


heat  exactly  where  it  is  required.  When  a  certain  opera- 
tion has  once  been  performed,  it  can  be  repeated  at  any 
.other  time,  provided  the  same  elements  and  switches  are 
used.  Therefore,  the  essential  requirement  of  an  electric 
cooker  is  reliability,  even  before  efficiency.  No  consumer 
would  object  to  use  a  few  extra  units  per  quarter  in  order 
to  be  safeguarded  against  breakdowns,  which  may  happen 
at  inconvenient  times.  Failures,  hovi-ever,  do  happen  on 
the  best  of  cookers  ;  every  precaution  should  therefore  be 
taken  to  ensure  quick  replacement  of  elements. 

The  demands  made  on  a  cooker  in  the  Newcastle 
district  call  for  apparatus  that  will  stand  rough  handling 
and  will  provide  both  radiant  and  convected  heat  ;  the 
former  is  necessary  to  give  the  browning,  and  the  latter 
for  maintaining  an  even  cooking  temperature  in  all  parts 
of  the  oven. 

There  are  three  distinct  types  of  electric  cookers  which 
the  author  has  studied  very  carefully  during  the  last 
year  or  so.  Table  i  gives  a  brief  description  of  these 
ovens,  and  Figs,  i,  2,  and  3  show  heating  and  cooling 
charts  obtained  with  them.  It  will  be  noticed  that  type  A 
oven  reaches  a  cooking  temperature  in  20  minutes,  com- 
pared with  35  minutes  for  the  B  and  C  types.     It  must  be 
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obser\ed,  however,  thai  thoe  tests  were  taken  on  cooker^ 
which  had  betrii  in  use  for  upw.irds  of  11  months  under 
ordinary  workinj;  condition;^.  Quick  hcating-up  is  very 
necessary,  bccauM-  an  electric  cooker,  unlike  a  coal  oven, 
is  only  heated  when  it  is  required,  and  no  time  should 
be  wasted  in  the  initial  warming.  There  has  been  con- 
siderable comment  upon  the  amount  of  heat  retained  in 
some  ty|>es  of  ovens.     The  author  considers  it  a  di«tinct 


The  heating  elements  are  the  most  vital  part  of  an 
electric  cooker.  A  great  deal  of  attention  has  therefore 
been  devoted  to  making  elements  which  are  absoluteh 
reliable.  The  majority  of  oven  elements  arc  made  up  of 
nicliicnue  wire  or  ribbon  wound  on  mica  formers.  CllI^; 
nichiamc  ribtx)n  is  now  used  exclusively  for  oven  and  .,  1 
elements  in  the  "  U  "  cooker.  Since  the  adoption  of  this 
class  of  wire,  breakdowns  of  elements  on   these  scclioiis 


Pi>i.  I. 


■fd  Bo  5o" 

Time     In    minuCCft 

Fig.  1. 


disadvantat;c  for  an  oven  to  retain  its  heat  for  a  consider- 
able time  after  switching  off.  Some  manufacturers  makc 
a  great  point  of  this.  It  must  not  be  forgotten,  however, 
that  if  an  oven  retains  its  heat  for  a  long  time  ;Jter  switch- 
ing off,  it  will  consume  more  energ)-  during  the  heating- 
up  stage.  It  is  far  better  to  design  an  oven  which 
will  {K-rmit  of  a  quick  variation  of  temperature.  This 
feature  is  ncccssar)'  under  certain  cooking  conditions. 


Iiavc  been  considerably  reduced.  The  expansion  of  mica 
when  heated  does  not  affect  the  wire  as  previously  ; 
sufficient  space  is  allowed  for  expansion  to  lake  place 
without  straining  the  wire.  These  elements  are  connected 
four  in  series  and  arc  run  at  a  dull  red  heat. 

The  elements  employed  in  the  "  X  ovens  and  grills  are 
of  an  entirely  different  design.  Tlic  wire,  which  is  a 
nichromc  strip,  is  wound  on  a  special  fireclay  bar  and  run 
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at  a  bright  red  temperature.  This  element  is  the  result  of 
prolonged  tests,  ;ind  very  satisfactory  results  arc  being 
obtained  in  actual  practice. 


00 

n  mirluKes 

Fig.  3. 

The  elements  in  the  "C"  apparatus  are  nichrome,  or 
similar  non-o.\idizing  wire,  wound  on  mica  formers  and 
clamped  tightly  between  two  cast-iron  plates. 

In  Table  2  the  total  cubic  capacity  of  the  ovens  is  com- 
pared with  the  actual  cooking  space  provided. 

T.\BLE  2. 


Cooker           !      '^""^ol^i'^'"'^- 

Cubic  Inches. 
Cooking  Space 

Percentage 

"A"                   4,15s 
"B"                  4,845 
"C"              3.584 

2,110 

3.501 
2,496 

5075 
72-2 

69'3 

The  relation  of  the  total  cubic  space  to  the  actual 
cooking  space  of  an  oven  should  be  carefulh-  watched  ; 
some  makers  take  up  more  room  in  fitting  the  elements, 
gates,  etc.,  than  others.  An  endeavour  should  be  made, 
when  a  ventilated  type  of  oven  is  used,  to  utilize  as 
much  as  possible  of  the  total  space  ;  the  bottom  rack 
should  therefore  be  as  near  to  the  bottom  of  the  oven  as 
possible.  The  distance  apart  of  the  rack  runners  should 
be  arranged  to  provide  sufficient  room  for  at  least  three 
racks  in  the  oven  at  one  time.  This  requirement  is  found 
absolutely  necessary  when  filling  an  oven  with  bread.  Gas 
cookers  are  very  bad  in  this  respect,  mainly  on  account  of 
the  amount  of  space  wasted,  the  flames  burning  the  food 
if  the  bottom  shelf  is  placed  too  low. 

Thermometers  and  lamps  inside  the  oven  are  of  little 
use.  In  the  case  of  thermometers  it  is  exceedingly  diffi- 
cult, if  not  impossible,  to  obtain  reliable  readings  of  the 
temperature  inside  the  oven.  These  instruments  are  very 
misleading,  and  become  a  nuisance  instead  of  an  assistance. 
The  practice  of  fixing  a  light  in  an  oven  is  equally  absurd. 


II  is  impossible  to  believe  that  engineers  find  thi.s  an 
advantage.  The  life  of  tlie  lamp  is  very  short  and  trouble 
is  likely  to  be  caused  thereby.  It  is  much  better  to  supply 
a  small  book  of  instructions  with  each  cooker,  clearly 
stating  the  time  taken  to  heat  up.  A  little  experience 
will  soon  enable  one  to  know  when  the  food  is  cooked  or 
requires  attention. 

Hor-i'L.\ri:s. 

The  boiling  of  liquids  in  kettles  or  saucepans  on  the 
present  type  of  electric  hot-plates  is  far  from  satisfactory. 
The  time  taken  to  boil  water  by  this  system  must  be  con- 
siderably rcduce<l  before  we  can  expect  to  compete  favour- 
ably with  the  gas-ring.  The  great  drawback  is  the  slow 
heating-upof  the  plate  before  it  actually  starts  to  do  useful 
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Fig.  4. — Heating-up  Curve. 


•work.  Experiments  have  recently  been  carried  out  with 
a  plate  giving  radiant  heat.  The  top  is  run  at  a  red-hot 
temperature  and  is  credited  with  boiling  two  pints  of  water 
in  II  minutes,  starting  all  cold  and  using  an  ordinary  kettle.. 
This  plate,  however,  is  not  yet  a  commercial  proposition, 
and  until  something  of  this  nature  is  placed  on  the  market 
the  ordinarj'  types  must  be  used. 

In  the  majority  of  cases  nichrome  wire  is  used  as  the 
heating  element,  wound  on  sheets  of  mica,  insulated  on 
both  sides  and  clamped  firmly  on  the  under-surface  uf 
the  plate.  In  some  cases  the  elements  are  encased  in  an 
armoured  envelope.  This  arrangement  is  not  so  satis- 
factory, owing  to  the  difficulty  of  ensuring  an  even 
bearing  surface  for  the  element.  This  is  very  important, 
as  if  the  element  is  not  firmlj'  and  evenly  clamped  against 
the  plate  undue  local  heating  will  take  place  and  the 
element  will  burn  out.  It  is  essential  that  the  whole 
element  be  kept  at  an  even  temperature,  thereby  reducing 
the  risk  of  breakdown  to  a  minimum.  Further,  the  rela- 
tion of  the  diameter  of  the  plate  to  the  loading  in  watts 
should  be  very  carefully  watched.     If  the  number  of  watts 
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plate  as  possible.  By  doing  so  the  tendency  to  buckle  will 
be  reduced.  The  author  h.is  seen  hot-plates  buckle  and 
crack  due  to  unequal  loading  setting  up  uncqu.!!  struin>. 
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The  surfaces  ot  the  liot-plalcs  nIu'uUI  be  turned,  ;is 
much  better  results  are  thereby  ubuinud,  nearly  double 
the  heating  surface  being  provided.  This  permits  bettir 
facilities  for  emitting  the  heat.  When  "  ground  '  surfaces 
are  used  the   heat  is  more  or  le>s  locked  up.  the  plate 
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I'he  co-l  01  nianiten.ince  of  cooking  apparatus  has  an 
important  bearing  upon  the  price  at  which  a  cooker  can 
be  let  out  on  hire.  If  the  app.-iratus  is  let  out  on  hire  by 
the  supply  authority,  the  latter  must  either  standardize  a 
moderate  rental  to  pay  interest  on  the  capital  expenditure 
and  charge  a  slightly  hi^lier  price  per  unit  to  cover  repairs, 
or,  vice  versa,  increase  the  rental  and  keep  the  price  per 
unit  at  as  low  a  figure  as  will  permit  of  protilable  busine>s. 
The  method  adopted  will  vary  according  to  the  district. 
In  wealthy  districts  if  a  high  rental  were  adupled  it  would 
prob.ibly  h.ive  the  eflect  of  inducing  coll^uIners  to  pur- 
chase |the  apparatus  outright,  which  is  no  doubt  the  best 
policy  for  the  supply  authority  ;  for  when  the  consumer 
removes  to  another  district  he  takc»  his  cooker  with  hiin. 
If,  on  the  other  hand,  it  is  only  hired,  the  apparatus  in 
such  coses  is  returned,  and  before  il  can  again  be  lei  out 
on  hire  a  cost  of  from  |S>.  to  £1  must   bi  , 

thorough  overhaul  and  cleaning.     Thi»  tx, 
matter  when  a  large  numlxrr  ol 

The   gas   companies  in   this   di-::  .        :       r 

cooker  in  the  house  until  a  new  tenant  arrives.     1  his  prac- 
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tice  could  not  be  adopted  with  electric  cookers  on  account 
of  the  rapid  depreciation  and  their  liigli  capital  cost 
compared  with  t;as  cookers. 

The  cost  of  repairs  to  electric  cookers  during  llie  period 
covered  bv  the  manufacturers'  guarantee  is  not  of  very 
great  importance.  It  is  not  until  the  apparatus  has  been 
ill  use  for  a  few  ye;»rs  that  really  reliable  maintenance 
costs  can  be  obtained.  Tabic  5  gives  the  cost  of  main- 
tenance and  some  details  of  repairs  to  cookers  for  one 
year  ended  December  31,  1913-. 


The  shrinkage  of  meat  during  electric  cooking  is  about 
10  per  cent,  compared  with  25  to  40  per  cent  for  gas  and 
coal.-'-  This  feature  is  the  result  of  subjecting  llic  meat  to 
an  even  temperature,  wliich  sears  it  and  prevents  the 
escape  of  juice.  As  practically  no  ventilation  is  required 
in  an  electric  cooker,  no  air  rushes  through  the  oven,  carry- 
ing away  with  it  the  cooking  fumes.  This  feature  also  has 
the  effect  of  preventing  loss  of  weight. 

The  best  type  of  utensils  to  use  are  those  made  of 
cast  iron,  witli  a  turned  or   machined  bottom.     Tliey  do 


Table  5. 


Xo.  of 
Cookers 

Total 

Cost 

of 

Rcpaire 

Average 

Cost 

per 

Cooker 

Details  of  Failures 

T>-peof 
Cooker 

Hot-plate 
Elements 

Grill 
Elements 

Oven 
Elements 

Wiring 
Faults 

Hot-plate 
and  Grill 
Termin,ils 

Miscel- 
laneous 
Causes 

Total 
No.  of 

Faults 

1 
145 

Kcin;u-ks 

••  A  •• 

4 
41 

A    s.  d. 
~    I  6 

uS  2  7 

s.    d. 

8  10 

52 
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I 
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It  is  to  the  advantage  of  every  one  concerned  that  there 
should  be  as  little  wiring  as  possible  about  the  cooker. 
Any  -wiring  that  must  be  placed  on  the  cooker  should  be 
kept  as  far  as  possible  away  from  the  heat.  Special  attention 
must  also  be  given  to  all  connections  that  are  in  proximity 
to  hot-plates,  in  order  that  any  liquids  that  boil  over  may 
not  affect  them.  The  practice  of  employing  beads  for 
insulating  purposes  should  be  avoided.  They  become  dis- 
lodged during  transit  and  very  often  result  in  an  "  earth  " 
or  short-circuit.  Asbestos-covered  wire  is  satisfactory,  but 
care  must  be  taken  to  keep  it  away  from  moisture.  The 
wiring  on  the  cooker  should  be  of  nickel  to  avoid 
corrosion. 

A  separate  control  board  should  be  fixed  to  the  wall 
adjacent  to  the  cooker  and  from  4  ft.  6  in.  to  s  ft.  from  the 
floor.  The  connecting  w-ires  should  be  run  in  a  flexible 
metallic  tube.  It  is  better  to  supplj-  a  separate  switch  and 
fuse  for  each  section  of  the  cooker,  and  each  switcli  should 
indicate  what  section  of  the  hot-plate  or  oven  is  in  use. 
Indicating  lamps  are  also  desirable.  It  is  advisable  to 
connect  the  lamps  so  that  they  show  a  dull  light  when 
the  elements  are  at  a  low  temperature,  and  so  that  they 
burn  brightly  when  the  elements  are  at  high  temperature. 
When  tracing  faults  this  is  also  a  ready  means  of  ascer- 
taining if  the  element  is  continuous.  The  outfit  should 
be  controlled  by  a  double-pole  ironclad  switch  and  two 
single-pole  fuses  of  the  non-arcing  type.  It  is  essential 
that  every  precaution  should  be  taken  against  the  possi- 
bility of  the  cook  receiving  a  sliock.  If  this  should 
unfortunately  happen,  it  is  likely  to  be  difficult  to  persuade 
her  to  use  the  cooker  again.  The  necessit}'  of  efficient 
earthing  is  obvious. 


not  buckle  or  burn  the  food  when  in  use,  arc  practically 
indestructible,  and  are  better  in  all  respects. 

Periodical  visits  should  be  made  to  ensure  that  the 
consumer  is  getting  the  best  results  from  the  cooker,  and 
hints  should  be  given  him  as  to  how  to  use  the  cooker  to 
the  best  advantage.  An  engineer  is  necessary  for  technical 
details,  but  a  lady  is  more  able  to  advise  on  culinary 
difliculties. 

In  Fig.  7  a  number  of  typical  curves  are  given  showing 
when  tl-ie  load  comes  on  at  various  consumers'  premises, 
and  how  the  peak  compares  with  that  of  the  system.  The 
consumers'  curves  are  given  in  amperes,  while  the  curve 
for  the  entire  supply  sj'stem  is  given  in  thousands  of 
kilowatts. 

The  dotted  curve  shows  the  summation  of  the  consumers'' 
loads,  as  compared  with  the  load  on  the  system. 

Hkatixg. 

Until  quite  recently  electricity  for  heating  purposes  was 
considered  a  luxury,  and  it  was  only  used  occasionally  or 
for  special  purpose's,  but  owing  to  the  general  reduction 
in  the  price  of  electrical  energy  and  improvements  in  the 
design  of  heaters,  radiators  and  convectors  have  come  into 
general  use,  and  in  some  cases  are  used  exclusively  in 
preference  to  other  methods  of  room  heating.  The  con- 
venience of  electric  heaters  cannot  be  equalled  by  either 
coal,  gas,  or  steam.  The  advantage  of  being  able  to  place 
the    heater  in  any  part  of   the   room,  and  the  ability  tO' 

•  This  subject  was  very  clearly  dealt  witli  by  Mr.  F.  S.  Grogan  in. 
his  lecture  before  the  Wolverhampton  &  District  Engineering  Society 
at  Wolverliampton.     EICLtikiati,  vol.  72,  p.  864,  1914. 
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niany  factors  to  be  considered,  such  as  the  aspect  of  the 
:  :i  !!  :  ;!iibcr  of  outside  walls,  the  thickness  of  the 
u.ui-  I  ■!.•  ..::i.>uiit  of  window  space,  the  number  of  doors, 
L  ic. :  and  even  the  way  that  a  room  is  furnished  will  liavc 
.in  effect  on  its  heating. 

Under     ordinary    conditions    good     results    will     be 

obtained  if  i   watt  per  cubic    foot    of    sp.icc   is   allowed. 

Ihis  figure  should  not  be  reduced  unless  very  favourable 

conditions  prc\-ail.    The  author  in  most  cases  reconiinends 

Vol.  53. 


warmed.     In  fact,  it  is  cheaper  to  heat  a  room  by  using  a 
!•>  .  as  the  air  is  heated  quickly,  and  a  low  con- 

su  .  , ibout  05  watt  per  cubic  foot)  is  then  all  that  is 

required   to  overcome  the  losses  due  to  leakage  through 
doors,  walls,  etc. 

Ki^>.  «  and  9  will  demonstrate  Ihis  more  clearly.    The 
tests  were  taken  in  tl>.  .l.ite>  in 

December  1913.     In  .  .1   watt 

per  cubic  foot,  while  in  big.  9  11  «-as  1-5  watts  (<cr  cubic 
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foot.  It  will  be  seen  that  it  took  5  lioiiis  to  raise  the 
temperature  from  48°  to  60°  F.  in  the  lirst  case,  whereas  in 
the  second  case,  with  the  liigher  loading,  tlie  temperature 
was  raised  from  48°  to  60''  F.  in  one  hour,  and  up  to  63°  F. 
in  1 J  hours.  It  is  interesting  to  note  that  the  consumption 
over  a  similar  period,  viz.  1 1  liours,  on  the  lower  loading 
was  18-9  units,  .\«ainst  i7'25.  This  proves  that  it  is  more 
economical  to  install  a  large  heater.  The  conditions  under 
the  latter  test  were  more  severe  than  in  the  former,  the 
outside  temperature  ranging  from  36°  to  40°  F.,  and  a 
strong  S.E.  wind  blowing. 

The  question  whether  to  adopt  radiant  or  convectcd  heat 
will  depend  entirely  upon  the  local  conditions.  Convected 
heat  is  better  for  long-hour  use,  and  in  places  such  as  halls 
or  pass;iges,  where  a  heater  is  required  to  raise  the  tem- 
perature of  the  staircases  and  landings,  a  convector  placed 
in  the  hall  will  assist  considerably  in  warming  the  whole 
house.  The  warmed  air  passing  through  the  passages  will 
also  assist  the  r.adiators  in  the  various  rooms.  In  bed- 
rooms, where  immediate  heat  is  required,  lamp  radiators 
are  very  useful.  Better  results  will  be  given  if  a  suitable 
reflector  is  fixed  behind  the  lamps.  For  intermittent  use 
this  class  of  radiator  can  be  recommended.  It  gives  a  cheer- 
ful glow  and  at  once  warms  anybody  near  it.  The  greatest 
drawback  when  using  lamp  radiators  is  the  expense  of 
renewals  to  lampholders  and  switches.  The  poor  contact 
that  is  usually  provided  causes  arcing  across  the  plungers 
and  switch  contacts,  which  very  soon  destroys  continuity. 
The  author  has  found  the  cost  of  such  repairs  to  be  more 
than  the  cost  of  lamp  renewals,  probably  because  lamps 
connected  two  in  series  are  employed  in  preference  to 
lamps  in  parallel. 

A  heater  designed  to  give  both  radiant  and  convected 
heat  is  undoubtedly  the  best  type  to  use  for  general  domestic 
requirements.  These  heaters  usually  consist  of  an  ordinary 
lamp  radiator  with  heating  elements  fixed  at  the  back,  each 
section  being  separately  controlled.  The  convector  portion 
is  loaded  to  ij  kw.  and  the  lamps  to  i  kw.  When  run- 
ning at  its  full  capacity  this  provides  a  useful  heater, 
and  either  section  or  both  can  be  used  according  to 
requirements. 

Another  form  of  heater  is  a  type  where  nichrome  or 
similar  non-o.xidizing  wire  is  employed  and  run  at  a  tem- 
perature of  1,000°  to  1,050°  F.  The  wire  is  either  wound 
on  fireclay  bars  or  in  quartz  tubes,  which  glow  at  a  dull 
red  heat.  The  metal  portion  of  the  heater  gets  hot  and 
provides  convected  heat.  A  wire  guard  is  fixed  in  front  of 
the  elements  to  prevent  clothes  or  paper  becoming  ignited 
due  to  accidental  contact.  A  heater  of  similar  design, 
but  with  a  quartz  disc  fitted  over  the  element,  is  an  excel- 
lent tj-pe  for  use  in  the  bathroom  as  it  is  not  damaged  if 
splashed  with  water.  This  radiator  should  most  certainly 
be  efi&ciently  earthed. 

The  position  of  a  radiator  in  the  room  should  be  such 
that  the  heat  given  off  must  travel  the  longest  distance 
before  it  can  escape  to  the  outside  atmosphere.  It  should 
be  insisted  that  heaters  should  not  be  placed  in  the  fire- 
place. It  is  advisable  to  install  heaters  with  a  view  to 
providing  an  even  temperature.  It  will  be  found  that  if 
a  large  heater  is  placed  in  the  fireplace,  a  cold  draught  of 
air  will  be  felt  at  the  floor  level.  It  is  much  better  to  place 
two  small  convectors  at  opposite  ends  of  the  room,  or 
where  the  cold  air  eaters,  and  have  a  radiator  near  where 


persons  are  sitting.  This  method  will  prevent  uncomfort- 
able draughts  and  will  give  as  nearly  as  possible  an  even 
temperature,  but  it  will  cost  more  to  install,  although  the 
running  costs  will  be  unaffected.  The  extra  comfort, 
however,  is  well  worth  the  additional  expense  of  the 
installation. 

It  is  an  accepted  I'.icl  th.il  electric  heaters  do  not  vitiate 
the  atmosphere.  They  tlo,  however,  affect  it  in  various  ways. 
If  too  ni\ich  convected  heat  is  employed  it  will  make  the 
air  stuffy,  or  if  nothing  but  radiant  heat  is  used  it  will  dry 
the  air  ;  also,  if  high-temperature  convector  elements  are 
employed  they  will  have  a  tendency  to  "  burn  the  air."  Very 
good  results  will  be  obtained  if  low-temperature  convectors 
arc  used  in  conjunction  with  a  radiator,  and  no  unpleasant- 
ness will  be  experienced  with  the  atmosphere  in  the  room. 
Where  convectors  are  to  be  installed,  preference  should  be 
given  to  those  with  sufticicnt  perforation  to  allow  free 
egress  of  air.  If  a  few  holes  only  are  provided  the  con- 
vector case  will  get  very  tiot,  "  heat  locks"  will  result,  and 
the  life  of  the  element  will  be  shortened. 

The  general  tendency  is  to  install  heaters  of  2-3  kw. 
capacity  to  replace  the  earlier  type  of  radiator  of  i  kw. 
capacity.  On  old  installations  the  switches  should  be 
carefully  inspected  to  see  whether  they  will  satisfactorily 
open-circuit  this  load.  For  radiators  of  this  size  it  is 
difficult  to  get  small  switches  that  can  be  fixed  in  the 
rooms  without  being  an  eyesore.  The  rotary  type  of  switch 
is  no  doubt  the  best  for  breaking  currents  of  10  to 
12  amperes  ;  and  wherever  possible  this  type  should  be 
fixed.  Plugs  also  call  for  attention.  They  should  be  of 
ample  size,  and  the  plug  top  should  not  be  made  of  china, 
as  these  are  continually  breaking  and  causing  inconve- 
nience. 

Electricity  is  used  exclusively  for  cooking  purposes  in 
the  author's  own  home,  four  adults  and  two  boys  being 
catered  for,  and  the  heating  is  carried  out  mainly  by 
radiators  and  radio-convectors.  Coal  is  only  used  for 
warming  the  kitchen  and  the  boiler  for  hot  water. 

During  1913  the  consumption  for  cooking  was  2,129  units, 
heating  2,130  units,  and  lighting  370  units  (this  includes 
all  current  used  for  ironing). 

With  regard  to  meat  shrinkage,  in  the  author's  own  case 
it  has  been  proved  that  with  electrical  energy  at  |d.  per 
unit  the  saving  on  the  shrinkage  of  meat  pays  for  the 
energy  consumed  by  the  cooker. 

The  year's  total  cost  of  liglit  and  heat,  assuming  the 
electricity  rates  set  out  below,  was  as  follows  : — 

£      s.      d. 
Fixed  charge  (i2|-  per  cent  of  rateable 

value,  £^24)        300 

4,629  units  at  fd 14    9    4 


17    9    4 
o  17     6 


Less  5  per  cent  discount 

16  II     8 
4  tons  of  coal  (i  ton  at  17s.  6d.,  i  at 

19s.,  and  2  at  £1,  plus  4s.  carting)...       406 

£20  12     2 

In  conclusion,  the  author  hopes  that  he  has  made  it 
quite  clear  that  electricity  can  be,  and  is,  relied  upon  to 
carry  out  important  requirements  in  ordinary  households, 
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i.utiaiit  and  oonvected  heat.     Is  it  pos&ihlc  to  ol>l4in  the 
,.,.),.. ul  tl,e  other?     With  regard  to  the  heatin);  and 
.1  ves  for  the  various  typ«s  of  ovens  (A,  B,  and  C), 
.  taken  to  attain  a  )<ivi-ii  Icinpcrulure  is 
•  !it  provided  one  knows  that  the  oven 
vk.i.    Ih.   i>.u.!.    al    a   certain    prrdctci mined    tiiuc.     From 
r.iMc-  I  .mil  i,  I   find  that  the   nuinlK-r  of   kilowatts  per 
^iibic  fool  for  typc-A  oven  is  rS  kw.,  for  type  B  ro  kw., 
.iiid  for  tyi>e  C  fi  kw.     With  the  Liter  type-C  ovens,  how- 
over,  which  have  3  in.  extra  height  and  a  maximum  con- 
sumption of  1,800  watts,  the  consumption  figures  must  be 
taken  into  consideration  when  discussing  the   length   of 
ired  for  heating  the  oven.     I  also  think  that  the 
^lit  to  tell  us  how  he  obtained  the  temperature 
>r  the  hot-plate  curves  (Figs.  4.  5,  and  <>).    1  will 
type-C  hot-plate,  and   would  suggest  that    the 
Nttady  temperature   shown  as  about  500°  F.  is  incorrect. 
riic  company  that  I  represent  has  recently  had  the  steady 
temperature  of  the  type-C  hot-plates  taken  by  the  National 
I"a  ^io.il  I,al>'jratory.  and  for  the  Koo-watt  plate  the  tem- 
ptr.i'.iir..  .  M  ilii;  top  surface  was  found  to  be  about  800°  F. 
rhc  temperature  was  taken  at  the  ends  of  four  different 
ladii.   J  in.  to  -(J  in.,  and  the  variation  over    the  whole 
surface  was  shown  to  be  less  than  075  per  cent.     Turning 
now  to  Tabic  3,  I  notice  that  a  5J  in.  saucepan  was  used, 
so  that  the  efficiencies  shown  are  not  as  high  as  they  ought 
to  be.     In  fact,  when  water  is  boiled  in  a  modern  electric 
kettle  efficiencies  as  high  as  97  per  cent  can  be  obtained. 
Central  station  engineer^  should  not  pay  too  much  atten- 
tion to  the  hiring  out  and  nuintenance  figure-.     Tliire  arc 
in.iiiy  other  considerations  to  take  into  account  in  fixing 
the  hiring  rate.     Moreover,  the  figures  given  by  the  author 
are  out  of  date.     The  curves  ia  Fig.  7  show  very  clearly 
the  diversity  factor  which  has  for  years  been  claimed  for 
the  cooking  load.     Taking  a  diversity  factor  of  10.  it  means 
that  instead  of  £10  about  £1  per  kilowatt  is  sufficient  for 
the   standing  charges  on  cooking  loads.     In  connection 
with  Table  5  I  would  tiraw  attention  to  the  fact  that  wiili 
the  type-C  cooker  only  one-third  of  the  hot-plates  lelcrrcd 
to  are  comparable  with   those  in  types  A  and   B.  because 
the  average  type-C  equipment  may  be  considered  as  con- 
sisting of  three  hot-plates,  two  of  which  are  muffled  up  in 
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arc    now  UMrd    to   give    a    much    larger 
i.oii.iiiiiK   ~i>i<.iv.e,  thereby  increasing  the  life  of  the  hot- 

I    pLites.     Coining  now  to  that  part  of  the  pai>er  which  dealt 

I    with  heating,  1  i.        ' 

I    lerm*    radiant 

-i'v 
Mr 

I    Wilinshurst.*     On   the   last  page  ol  the   paper  tlie  term 

I  "  radiant  heal "  is  wrongly  used.  The  author  says  "  if  all 
radiant  heat  is  used,  it  will  dry  the  air."  Surely  radiant 
heat  does   just   the  opposite,  and   heats  the  *:tig 

objects  without  heating  the  air  e.vcept  by  in  >n. 

The  ideal  method  of  heating  a  room  is  that  '  .tie 

jir  is  kept  at  a  low  tciu|^erature.  while  the   I.  :is- 

mitted  to  persons  in  the  room  by  radiation  '  <m 

the  source  of  heat  anJ  indirectly  from  the   ; ;:ng 

walls  and  furniture. 

Mr.  C.  W.  Ckosiiik  :  The  author  states  that  electrical  Mr  CrafHt 
manufacturers  have  shown  a  tendency  to  standardize  the 
.irdinary  type  of  g.is  cooker,  but  if  he   '     '   '  .re 

I    closely  into  the  question   I  think  he  wotii  .at 

llierc  are  as  many  ovens  t  les 

as  there  are  ovens  of  tlu    .  ,  ne 

seems  to  think  that  electric  cookers  should  be  nickel- 
plated,  but  I  would  much  rather  keep  black  parts  clean 
than  I  would  nickel-plated  surfaces.  Moreover,  it  is  much 
more  advantageous  for  a  <  '  ''lority  to  adopt  a  black 
cooker  for   hiring  purpose  :  it  lias  been  in  use  any 

V  lime  it  •-'.  'ion 

111   -  i-C  as  a   1     ,  .to 

look  like  new  at  a  very  small  cost,  so  thai  us  chances  of 
being  hired  out  a  second  and  third  time  are  greater.  The 
author  discusses  the  rate  of  heating  and  coohng  of  ovens 
and  arrives  at  the  curious  conclusion  that  an  oven  which 
licats  up  quickly  also  cools  down  quicklv,  irrespective  of 
l!  and  whether  the  oven   is  la.  'cd. 

1  ■,   l:i!r   c^nip:inson.  the  ovens  en 

I  .  iture.      He  cor.  iCt 

il  to  retain  its  m- 

siderable  time,  presumably  because  it  is  moi .  I 

have  worked  out  a  few  figures  ba»ed  on  the  ^„.  ..  ^...en 
III  the  paper  and  lind  that  cooker  A  comes  first  in  heating 
with  11  watt-hours  per  cubic  foot  per  degree  ri>c  in 
temperature,  cooker  C  next  with  ^-i.  and  cooker  B  last 
with   4'j  ;  white  in  cooling  I:  I  C 

last  in  terms  of  watt-hours   pi.  ^  of 

the  available  cooking  time,  viz.  i2°t>,  i3-<>,  and  33^  tcspec- 


•  T  P   WlLUSHl'KST. 

.<nd  heating,     fomrnal  I  . 
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Mr.Cro»bic.  lively.  The  author  is  of  opinion  that  rapidity  of  lieating  is 
of  greater  considenition  tlian  economy  ;  but  the  consumer 
is  more  hkelv  to  compare  his  gas  and  electricity  liills,  and 
if  electricity  costs  him  more  than  gas  lo  give  up  using  his 
electric  cooker.  On  the  question  of  the  therinonieter  I 
enlirelv  disagree  with  tlie  author.  Il  is  a  mo>t  useful  item. 
It  does  not  matter  whether  the  correct  tempcratiue  inside 
the  oven  is  given  so  long  as  tlie  thcrmomeler  can  be  used 
as  an  indicator.  By  its  help  perfect  uniformity  in  cooking 
results  can  be  obtained  repeatedly.  .'VUhough  I  do  not 
advocate  a  window  and  lamp,  I  might  say  that  I  have  had 
a  lamp  in  my  oven  at  home  for  over  i8  months  and 
that  it  is  apparently  as  good  now  as  when  I  had  the  cooker 
installed.  With  reference  to  the  radiant  hot-plate  which 
heats  up  2  pints  of  water  in  11  minutes,  the  author  docs 
not  mention  the  loading.  A  Ferranti  hot-plate  on  my 
cooker  at  home  boiled  2  pints  of  water  in  14  minutes  for 
an  expenditure  of  170  watt-hours  of  energy,  which  is 
equal  to  an  efficiency  of  over  64  per  cent.  I  am  in  entire 
agreement  with  the  author  with  reference  to  the  heating 
element  being  evenlj'  distributed  over  the  heating  surface, 
as  there  is  no  doubt  that  the  failure  of  many  hot-plates  is 
due  to  uneven  heating  and  cooling.  A  spiral  element  is 
the  only  one  which  ensures  a  perfectly  even  distribution  of 
heat  in  a  circular  plate.  In  regard  to  the  question  of 
electrically  heating  rooms,  under  certain  circumstances  it 
is  undoubtedly  the  best  method  of  obtaining  the  maximum 
of  comfort.  When  using  a  "  Ferranti  Fire  "  of  1,000  watts 
I  recently  found  that  the  temperature  of  the  whole  room 
was  raised  much  more  rapidly  than  with  a  coal  fire. 

^'■-      _  Mr.  W.  F.  T.  PiXKN'EY  :  It  is  curious  that  manufacturers 

should  consider  it  necessary  to  make  electric  cookers  on 
the  same  lines  as  gas  cookers,  for  the  public  always  takes 
an  interest  in  something  new.  With  regard  to  Fig.  7,  can 
the  author  say  whether  the  cooking  peaks  come  on  the 
main  peak  in  the  winter  load  i"  Another  point  of  interest 
is  :  Do  the  cooking  peaks  come  on  the  top  of  the  lighting 
peaks  apart  from  the  station  peaks  ?  They  would  enter 
very  largely  into  the  question  of  mains. 

^'■•.  Mr.  E.   F.wvssETT  :  I  cannot  agree  with  the  figures  on 

the  curves  for  the  hot-plates  or   with  Table  3.      In  the 

case  of  the  8-in.  hot-plate  it  means  that  the  saucepan  only 

utilizes  about   50   per   cent  of   the   heat   available.     The 

important  question  with  regard  to  the  load  curves  in  Fig.  7 

is  :  How  will  the  big  cooking  loads  promised  in  the  future 

affect  the  distributing  mains  ? 

Professor  Professor  H.  Stroud  :  The  ideal  method  of  heating  a 

Stioud.  .     ,  ,■   ,.         I  ...  .  " 

room  is  by  radiation,  because  in  this  case  the  walls  and 

objects  in  the  room  are  first  heated,  and  the  air  having 
a  tendency  to  be  cooler  than  the  walls  its  relative  humidity 
is  thus  lot  unduly  lowered.  I  should  also  like  to  suggest 
to  manufacturers  the  importance  of  standardization,  par- 
ticularlj'  in  regard  to  sizes  of  plugs,  etc. 
Hunter.  ^'''-  ^-  ^-  HiJN'TER  :  The  only  point  that  I  wish  to  discuss 

is  the  problem  of  heating  a  room.  I  think  it  is  necessary 
to  differentiate  carefully  in  the  functions  of  a  heater 
between  the  duty  required  to  bring  a  room  to  a  com- 
fortable condition  and  that  required  to  maintain  it  com- 
fortable. If  given  careful  consideration,  I  think  that 
electrical  apparatus  can  yield  results  in  this  direction 
which  are  not  readily  possible  in  the  case  of  either  gas 
or  coal.  My  suggestion  is  that  a  properly  designed  heater 
would  warm  up  a  room  in  a  few  minutes  only,  the  rate  of 


output  during  this  initial  period  being  several  times  thai  Mr. 
necessary  lo  maintain  the  room  at  a  comfortable  tempera- 
ture. Immediately  after  the  initial  period  of  warming  up, 
a  switch  on  the  healer  would  be  operated,  thus  reducing 
the  rate  of  energy  consumption  lo  a  fraction  of  that  pre- 
viously used.  It  is,  I  believe,  a  fact  that  a  coinparalively 
small  electrical  output  Is  required  to  mainlaiii  a  room 
coinforUible  once  this  condilion  has  been  established. 
Such  an  arrangement  of  heating  would  in  my  opinion 
have  several  important  advantages.  Not  the  least  impor- 
tant of  these  is  that  consumers  when  once  they  experienced 
the  convenience  of  such  a  heater  would  not  fail  to  use 
it.  It  would  enable  them  to  use  their  living  rooms  more 
freely  and  at  short  notice  witliout  discomfort  or  adding 
to  domestic  labour.  As  the  heavy  demand  by  each  heater 
would  last  a  few  minutes  only,  the  diversity  factor  would 
be  high  and  the  load  therefore  profitable  to  the  supply 
authority.  It  is  of  course  necessary  that  the  heater  should 
be  portable  in  order  to  keep  the  outlay  for  each  house  a 
minimum,  and  incidentally  to  increase  the  diversity  factor. 

Mr.  W.  A.  GiLLOTT  {in  reply)  :  In  regard  to  the  tempera-  : 
tures  of  hot-plate  surfaces,  Mr.  Grogan  in  the  first  place 
overlooks  that  the  tests  recorded  were  olitainod  under 
ordinary  working  conditions,  as  mentioned  in  the  paper, 
and  then  he  compares  the  surface  temperature  of  the  hot- 
plate with  the  temperature  of  the  inside  of  the  plate.  In 
connection  with  his  remarks  in  regard  to  type-C  cooker, 
Mr.  Grogan  must  be  aware  that  in  Newcastle  four  hot- 
plates are  supplied  as  a  complete  outfit. 

In  referring  to  radiant  and  convected  heat  in  ovens, 
these  terms  were  used  in  the  broad  sense,  since  everybody 
knows  that  it  is  impossible  to  have  radiant  heat  without 
convected  heat  in  some  form  or  other.  A  quickly  heated 
oven  is  to  be  preferred  ;  it  is  ready  for  use  much  earlier, 
and,  better  still,  it  costs  less  to  heat  up.  Both  these  points 
are  appreciated  by  the  consumer,  and,  after  all,  this  is  the 
person  of  most  consequence. 

In  regard  to  the  5J  in.  saucepan  used  for  water  boiling, 
I  must  refer  my  critics  to  my  statement  that  the  tests  were 
carried  out  under  oidinary  working  conditions.  A  con- 
sumer cannot  be  expected  to  purchase  utensils  exactly 
to  fit  each  hot-plate.  Tlic  cook  usually  employs  the  first 
utensil  that  comes  to  hand,  and  does  not  select  hot-plates 
by  their  size  but  bj'  the  quickness  with  which  they  boil 
liquids.  Naturally,  she  uses  the  largest  size.  One  knows 
very  well  that  if  utensils  are  used  that  exactly  cover  the 
hot-plate  they  will  show  a  better  efficiency,  but  such 
questions  are  overlooked  in  practice.  The  5  J  in.  pan  was 
chosen  because  it  is  the  average  size  of  utensil  used  in 
household  kitchens.  The  tests  recorded  are  the  results 
obtained  by  the  consumers,  and  these  are  of  real  import- 
ance to  the  central  station  engineer.  The  efiiciency  of 
a  self-contained  utensil  is  admittedly  as  high  as  97  per 
cent,  but  why  should  this  figure  be  compared  with  that 
of  a  hot-plate  under  totally  different  conditions  ? 

The  maintenance  figures  given  in  the  paper  represent 
the  actual  facts  in  the  Newcastle  district  and  are  quite  up- 
to-date.  It  is  absolutely  necessary  to  obtain  data  of  costs 
over  one  or  two  years  in  order  to  determine  what  is  the 
minimum  rental  that  can  be  charged.  Apparatus  that 
costs  a  lot  to  maintain  will  go  out  of  use  as  being 
unsuitable  and  unremuncrative. 
With   reference   to  Mr,  Grogan's  remarks    on    rooms 


Hunter. 
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UlMi     hratnl  hv  nwiiani  hM«.  a  nuiulor  which  emplovk  lui  opci.  1  he  peak  oa  IIm  cookinii  curve  coiiicKttro  with  Mr.tii 


m:Iv  :    dry   I  lie   ^ir,   but   II   la  tlir 

pr».  ■    l-^v^   i!ki!   ,Imis   ilic  air.       1 

hou  ttiic<l :  It  rrjii 

S*»inc   lu   uit"  j»iniu>  i.ii^iii   i'\    Mr.  Cri>^i>ic  ti.i^i 
rrfcirwl  to  ill  niv  rcpiv  to  Mr.  (iiot^an.     Witli  icii 


to 

lo  I. 

IIMtlcl    Jf^.llil    lie    u 

lioival  units  lli.tii  t. 
cooking    oiHrratiuiis 
mifi^'   •  ■ 
tlici 


whuli    would    >|H>il    the    food   ami 
!   Ica&t   lu^  each  tunc,     t  du  not  jkffec  lluit 
arc    of    any    real   value  on   oven   dot>r» : 
JO  lo  ii>      '  '  "'        ■' 

f ,  and  ur 


Ml.    1 
in   the   \v 
supply.  will  be  ; 
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cooking  curx-e  shown  in  Fig.  7  compares  very  favt).. 
with  a  load  curve  taken  in  December   igi^  for  the  i*.. 
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:  \'  connected  to  pay  fut  Uic  iicx««- 

Mr.  Hunter  agico  with  me  that  it  i»  better  lo  warm 

11  quickly.     I  think,  however,  it  would  »-  '>  liable 

.1111  a  room  as  quickly  as  Mr.  Hunter  To 

I   in  a  few   iiij  r   a 
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ilKiut   |()/|6  S.\V.(i.     Moreover,  owing  lo  its  weight  such 
i  heater  could  not  be  made  portable. 
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ORDIXAkY    MEETIXO    OK   *J   OCTOBtK,    1914. 

Proceedings  of  the  569th  Ordinary  Meeting  of  the  Institution  of  Electrical  Engineers, 
held  on  Thursday.  29  October.  1914— Mr.  W.  Duddkll.  F.R.S..  Fast  President, 
and  Sir  John  Snell,   President,  successively  in  the  chair. 


The   minutes   of    the   .\niiual   General    Nfceting   held   on 
conArmed. 


J I    M.iy,    1914.    were   taken    as    read,   and 


The  Chaii«man  (Mr.  \V.  Duddki.l)  reported  the  appointment  of  Mr.  H.  C.  Levis  as  a  Member  of 
Council  in  the  pLice  of  the  late  Nfr.  A.  H.  .Xnderson.  in  .iccordance  with  .\rticle  54  of  the  .\rticles  of 
Association. 

Donations  to  the  Library  were  announced  as  having  Ixren  received  from  The  Anglo-Mexican  Petroleum 
Company,  Ltd.,  S.  C.  Batstone,  .Nfessrs.  J.  H.  Bennett  &  Co.,  The  Board  of  Education.  L.  Calisch.  C.  Carpenter. 
D.Sc.,  Circolo  matematic  di  Palermo,  .Messrs.  Constable  and  Co..  Ltd..  The  Kngineering  Stand.irds 
Committee,  E.  Garcke,  B.  Gati,  The  Institute  of  Chemistry,  The  International  Klcclrotechnical  Com- 
mission, Julian  D"Este  Company.  G.  Kemmann.  E.  \V.  Lancaster,  R.  Livingstone,  \V.  L.  Preece,  The  Patent 
Office,  R.  R.inkin,  The  R-yal  Society  of  KJmburgh.  S.  P.  Smith.  D.Sc,  A.  A.  Campbell  Swinton.  S.  P. 
Thompson.  D.Sc.,  F.R  S.,  and  H.  P.  Wiggins  ;  to  the  Muslim  from  \V.  Kllis  ;  to  the  HutUmf^  Fu 
G.  M.  Roliertsun  ;  and  to  the  Bennolcnt  Fund  from  T.  H.  Barr,  S.  E.  Britten,  The  Electrical  K  . 
Ball  ComiTiittee,  The  General  Electric  Company,  Ltd.,  C.  W.  Gwyther,  H.  T.  Harrison.  E.  S.  Jacob.  J.  \V. 
Me.ires.  W.  M.  M.jrrison,  A.  Russell.  D  Sc.  S.  A.  Russell.  C.  \V.  Spcirs.  A  M  Taylor,  and  C.  H  R. 
Thorn,  to  whom  the  thanks  of  the  meeting  were  duly  accorded. 

The  Ch.\iku.\n'  :  I  have  also  to  announce  that  Mr.  Evelyn  Barnard  has  presented  to  the  Institution 
a  framed  iron-liling  diagnini  made  by  Faraday  himself  and  containing  Faraday's  initials  on  the 
back.  1  think  this  Institution  is  to  be  congrulul.ited  on  possessing  such  an  extremely  interesting 
historical  memento,  and  I  ask  members  to  give  a  most  be.irty  vote  of  thanks  to  Mr.  Barnard  for 
his  presentation. 

The  vote  of  thanks  was  accorded  by  acclam.itjon. 
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The  Scholarships  and  Picmiiims  referred  to  in  tlie  Annual  Ropdit  oi  tlie  ConnciP  for  the  year 
1013-14  were  then  presented  by  the  Chairman. 

Mr.  Li.EWKLi.YX  Pkkece  :  I  will  not  now  detain  the  meeting  for  move  than  a  few  niinntcs,  but  I  have  a 
duty  til  perform  whioii,  thonoh  grievous  from  one  point  of  view,  mainly  gives  me  much  pleasure. 
About  two  and  a  half  years  ago  my  father  made  his  last  public  appearance  and  his  last  speech.  It 
was  in  this  hall,  before  this  Institution,  and  the  occasion  was,  as  most  of  you  will  remember,  when  he, 
on  behalf  of  Lady  Kelvin,  presented  to  the  Institution  that  beautiful  bust  of  the  great  Lord  Kelvin 
which  now  adorns  our  entrance  hall.  In  his  speech  I  my  father  coupled  Lord  Kelvin  with  Faraday 
and  N'€wton  as  the  principal,  founders  of  practical  science.  This  remark  led  him  to  express  the  wish 
to  see  a  bust  of  Faraday  as  a  companion  to  that  of  Lord  Kelvin,  and  he  there  and  then  promised  that, 
if  he  was  spared,  he  himself  would  present  the  Institution  with  this  additional  bust.  My  father  never 
forgot  to  acknowledge  his  deepest  gratitude  to,  and  admiration  for,  these  two  great  scientists.  He 
revered  them  both  as  his  honoured  masters,  and  always  held  them  up,  not  only  to  his  sons  but  to  all 
young  men  with  whom  he  came  in  contact,  as  the  highest  embodiment  of  the  true  scientific  spirit.  It 
was  to  Faraday  that  my  father  owed  his  earliest  instruction  in  electricity,  iirst  as  a  listener  at  his  Royal 
Institution  lectures,  and  later  on — a  fact  of  which  he  was  more  proud  than  of  any  subsequent  honour — 
as  an  assistant  in  his  laboratory.  In  truth,  Faraday  was  the  actual  founder  of  my  father's  electrical 
career.  Unhappily  my  father  was  not  spared  to  fulfil  his  promise.  He  had  but  just  got  into  touch  with 
the  eminent  sculptor,  Mr.  G.  D.  Macdougald,  when  that  High  Power,  whom  all  must  obey,  took  him 
from  us.  It  therefore  fell  to  the  children  to  complete  the  promise  made  by  their  parent.  Mr.  Mac- 
dougald went  on  with  his  work,  and  finished  the  splendid  bust  which  we  have  in  this  building  to-night. 
I  should  like  to  add  that  our  deep  gratitude  is  due  not  only  to  Mr.  Macdougald  for  his  excellent 
work,  but  to  Professor  Silvanus  Thompson  also  for  the  speaking  likeness  presented  to  us.  None  of  my 
brothers  or  myself  had  any  personal  recollection  of  the  great  philosopher,  and  we  were  therefore  quite 
incompetent  to  help  Mr.  Macdougald.  Professor  Thompson,  however,  most  kindly  stepped  into  the 
breach  ;  he  paid  many  visits  to  the  studio,  and  I  am  sure  Mr.  Macdougald  would  acknowledge 
that  it  is  largely  due  to  the  efforts  of  Professor  Thompson  that  the  bust  shows  us  the  true  features 
of  Faraday.  Mr.  President,  I  now  ask  you,  in  the  names  of  my  sisters,  my  brothers,  and  myself,  to 
accept  for  the  Institution  the  admirable  representation  in  marble  now  in  the  hall  of  the  man  whom 
we  all  acclaim  to  be  the  founder  of  the  electrical  profession  and  the  electrical  industry,  the  one  man 
who  is  v^-orthy  to  rank  with  Lord  Kelvin.  The  bust  will  also,  I  hope,  be  considered  a  memorial  of 
Sir  William  Preece,  who  was  a  personal  friend  of  both,  a  pupil  of  both,  who  loved  them  both  as  true 
men,  and    who  also  in  his  time  did  much  for  our  profession  and  this  Institution. 

The  Ch.-\irm.4X  (Mr.  W.  Duddell)  :  To  Mr.  Llewellyn  Preece  and  to  the  members  of  the  Preece 
family,  we,  as  an  Institution,  tender  our  most  hearty  thanks  for  this  very  beautiful  gift  that  has  been  made 
to  us.  The  late  Sir  William  Preece,  who,  as  Mr.  Llewellyn  Preece  has  said,  was  one  of  the  most 
enthusiastic  promoters  and  supporters  of  this  Institution,  stated  in  this  room  that  he  hoped  each  of  the 
two  pedestals  in  the  hall  would  be  occupied  by  a  bust.  His  words  were  :  "  An  important  question  will 
arise,  which  we,  of  course,  will  leave  in  the  hands  of  the  President  and  Council,  and  that  is  the  position 
of  this  bust " — he  was  then  speaking  of  the  Kelvin  bust — "  and,  I  hope,  its  companion  " — the  bust  that 
IS  here  to-night.  "  It  has  almost  been  solved  for  us,  because  you  find  on  each  side  of  this  table  " — the 
table  at  which  I  am  speaking — ''  the  name  of  Kelvin  and  the  name  of  Faraday."  He  then  explained 
that  there  was  a  difficulty  in  putting  the  busts  in  this  room,  and  continued  :  "  The  very  fine,  handsome 
marble  hall  we  have — there  are  two  pedestals  planted  there  evidently  with  the  idea  of  supporting  our  two 
greatest  heroes.  Here  they  are,  Faraday  and  Kelvin."  To-night  we  have  Faraday  with  us,  thanks  to  the 
generosity  of  the  Preece  family.  That  Sir  William  had  this  subject  at  his  very  heart  will  be  realized 
if  I  read  a  few  words  that  he  wrote  to  me  during  his  long  illness  on  the  subject  of  this  bust.  In  April 
of  last  year  he  wrote  to  me  as  follows  :  "  It  is  now  very  nearly  twelve  months  since  the  Kelvin  bust  was 
received  by  the  Institution  !  I  have  not  forgotten  my  promise  to  supply  a  bust  of  Faraday  to  match  with 
it.  I  am  only  waiting  to  return  to  town  to  put  the  whole  thing  in  operation."  In  October,  when  he 
was  in  Wales,  in  bed,  he  wrote  to  me  again  :  "  My  doctor  wants  me  to  go  to  Egypt,  and  I  have 
provisionally  taken  berths  in  the  P.  &  O.  Mcollan,  which  leaves  Tilbury  on  November  14th.  I  have 
done  nothing  more  about  the  bust  of  Faraday,  but  I  will  at  once  communicate  with  the  sculptor  who  was 
to  make  the  bust  from  the  original  statue  at  the  Royal  Institution,  and  give  him  orders  to  put  it  in  hand. 
This  will  mean  that  I  shall  not  be  able  to  present  it  personally  until  I  return  from  Egypt  next  April " — 

•  journal  I. E.E.,  vol.  52,  p.  632,  1914.  t  //"(/.,  vol.  49,  p.  698,  1912, 


IMv'OCKK DINGS   OK    Xi   (XTOIUCK,    1914  55 

thut    IS,   April   ul    lliik   year.     "  I   will   let  yuii  know  exactly  the  arraiiKeiiiciiis  1   havr  nude  "     Ak-H"  m 
CXtober  of  last  year,  he  wrote  :  "I  nIuII  have  to  spend  two  or  three  d.ivb  in    l^tndon  Inrfoie  I   -■;■*      •   ' 
1  will  certainly  come  and  see  yon  ami  talk  over  l.K.K.  matters."     Then,  rcali/iiif  tli.ii  he  m.i»  iii<>|( 
ill,  he  asketl  the  Institution  In  appnint  a  Coiniiuttee  to  see  to  the  bnst  hen 

ap|H)inted,   but,  as  events  turned  out,  it  never  met.     I   think  we  have   t<'     —    ..., 

lamily  for  carryiii);  out  what  all  of  us  know  was  so  keenly  the  wish  of  the  late  Sir  William  Prccc'e. 

1   now  c«>ine  to  the  last  act  of  my   pu-Mdency.  and  that  is  to  preMrnt  to  tlic  n 
Sir  John    Snell  :   I    think    I    need   scaiceis    iiitiodiicr  liim       For  the   l^ist    ei^lit    \c.i  ;i 

with  lis  in  London,  and  during  the  whole  of  that  tunc  he  has  constantly  attended  our  meetings  ;  he  has 
also  dili{<ently  served   on   the  Council  and   has  woiked  hard  for  the  welfare  of  the   1:  ''  '   t 

he  came  to  us  in   l^iulon  he  was  Chairman  of  the  N'cwcastle  Local  Section,  and  his  1.  J 

aif'airs  has  materially  asMsted  U!>  in  our  work  and  delilHfrations.     In  his  early  life  Sir  John  was  a. 
to  the  late  deneml  Webber,  who  took  such  interest  in  the  welfare  of  this  Institution  ;  and  I  I.   ,^    »..J 
believe  that  the  cloak  of  General  Webber,  so  far  as  i;uod  wishes  for  the  Institution  are  conccincd,  has 
fallen  on  ir-  Sir  John  Shell.     <  .  t-iit  ti>  vou  mv  succc>nOI  ,  Sir  John  Sntll. 

The  Ci  1  vacated  by  Mr.  1'  .en,  amid  hearty  cheerinii;,  by  Sir  Joh.v  S\eli_ 

Dr.  SiLVANi's  F.  THOUi'SOic  :  It  is  one  of  the  responsibilities  or,  shall  I  say,  the  privileges  of  increasing 
seniority,  that  I  tind  myself  in  the  capacity  of  senior  P.ist  President  now  in  this  room  rising  to  pro|>osc  : 
"  Th.it  the  l>est  thanks  of  the  meinlK-rs  of  the  Institution  ol  Elcctric.il  Knginccrs  be  given  to  Mr. 
William  Duddell  for  the  very  able  manner  in  which  he  has  tilled  the  oftice  of  President  during  the 
past  two  years."  There  are,  happily,  older  Past  Presidents  than  myself  still  alive  and  with  us,  but  we 
miss  their  faces  to-night,  and,  in  the  absence  of  those  who  are  really  my  seniors,  I  have  much  pleasure 
in  projxising  this  resolution.  Anybody  who  has  had  the  high  privilege  of  tilling  the  chair  in  this 
Institution  knows  not  only  that  it  is  no  light  business  to  carry  through  the  work  of  the  presidency,  but 
also  that  there  is  no  institution  in  the  world  where  the  man  in  the  chair  will  be  more  thoroughly, 
unitedly,  and  enthusiastically  supported  in  his  duties  tli:iii  is  the  President  for  the  time  Ixring  of  the 
Institution  of  Electrical  Engineers.  With  Dr.  Ferraiiti  to  make  the  running  for  him,  Mr.  Duddell  has 
fultilled  the  duties  of  the  office  not,  as  was  the  custom  previously,  for  one  year,  but  for  two  successive 
years,  and  I  venture  to  say  that  when  the  annals  of  this  Institution  are  written  in  future  time  there 
will  be  no  more  prosjierous  two  years  recorded  than  those  during  which  Mr.  Duddell  has  guided  our 
ship.  Our  Institution  has  gone  through  many  changes  from  its  primitive  beginning,  when  the  late 
General  Webber  and  the  late  Sir  William  IVeece  were  the  active  young  men  who  pushed  it  into 
existence  ;  but  here  we  are,  at  the  end  of  nearly  40  years,  a  thriving  Institution  of  surprisingly  rapid 
growth.  When  Mr.  Duddell  assumed  olifice  as  President  in  May.  1912,  the  membership  had  already 
risen  to  6,537,  and  during  the  two  years  of  his  presidency  that  number  has  been  increased  by  over  500, 
our  total  membership  at  the  corresponding  period  this  year  l>eing  7,045,  figures  which  s['>eak  for  themselves. 
Not  only  have  we  had  the  benelit  of  Mr.  Duddell's  services  in  the  administration  of  this  Institution — 
he  h;»s  been  remarkably  active,  giving  the  Ixfst  of  himself  unstintingly  to  the  service  of  the  Institution  ; 
he  has  been  constantly  in  and  out,  looking  after  the  welfare  of  the  Institution,  serving  on  various 
Committees,  and  dealing  with  the  provincial  membership  by  visiting  the  local  sections — but  he  has 
left  as  a  record  in  the  pages  of  our  Journal  the  Presideiitud  Address  which  he  gave  when  he  entered 
on  the  first  year  of  his  office,  and  the  very  remarkable  lecture  and  demonstration  on  "  Pressure  liises," 
which  those  of  us  who  were  present  will  never  forget,  and  whidi  is  printed  as  the  first  article  in  our 
enlarged  volume  of  the  Journal."  The  very  least  that  we  can  do  is  to  acknowledge  the  great  indebtedness 
which  we  all  owe,  and  the  Institution  owes,  to  Mr.  Dudilell  for  his  efforts  in  so  many  directions  as 
President  of  this  Institution,  and  I  therefore  ask  you  to  accord  him  our  best  thanks. 

Dr.  G.  Kapp  :  Dr.  Thompson  had  the  privilege  of  proposing  the  vote  of  thanks  because  he  is  tlie 
oldest  Past  President  present.  I  have  the  privilege  of  seconding  that  resolution  because  I  am  the  youngest 
— not  in  years,  but  in  olficc.  1  do  not  wish  to  take  up  the  time  of  the  meeting,  so  shall  merely  emph.isi/e 
what  Dr.  Thompson  said  with  regard  to  the  high  standing  which  the  Institution  has  attained  under  the 
presidency  of  Mr.  Duddell.  We  have  in  Mr.  Duddell  a  pioneer  in  science,  but  at  the  same  time  a  most 
practical  and  clear-headed  man  of  business  when  it  comes  to  furthering  the  interests  of  our  Institution. 
Those  of  us  who  have  been  on  the  Council  during  his  presidency  know  how  hard  he  has  worked,  and 
1  feel  sure  that  having  seen  the  increasing  pros|>erity  of  the  Institution  you  will  W  fully  in  accord  with 
me  when  I  ask  you  to  |iass  a  hearty  vote  of  thanks  to  him. 

*  Jouinal  I.E.E.,  vul.  53,  p.  I,  1914. 
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The  resolution  was  put  ami  carried  with  acclamation. 

Mr.  \V.  Dl'doei.k,  F.R.S.  :  1  thank  you  from  the  bottom  of  my  lieart  for  tiie  way  you  have 
accepted  this  resolution.  I  have  only  done  my  duty  to  the  Institution,  and  1  iiopc  in  the  future  I  may 
be  able  to  continue  to  do  so.  I  should  like  to  say  that  the  Council  has  continually  sniiportcd  nic  in  trying 
to  make  this  Institution  a  greater  success  than  ever. 

The  Presiilcnt  then  delivered  liis  Inanj^ural  .Vddrcss  (see  page  i ). 

Mr.  W.  -M.  MoKUiiV  :  Dr.  Thompson  ami  Dr.  Kapp  have  sped  the  p.uiiiig  President  :  it  is  my  pleasant 
duty  to-night  in  a  few  words  on  your  behalf  to  welcome  the  coming  President.  When  one  thinks  of 
it,  he  could  not  help  becoming  President  of  this  Institution.  He  was  educated  at  King's  College  and 
at  Finsbury  Technical  College.  Al  King's  College  Grylls  Adams  and  John  Hopkinson,  two  of  our  Past 
Presidents,  were  successively  the  Professors  of  Electrical  Engineering ;  and  we  know  what  Finsbury 
Technical  College  ow-es  to  another  Past'  President,  Dr.  Thompson.  His  engineering  training  was  under 
Colonel  Crompton  and  under  General  Webber,  both  Past  Presidents,  and  he  is  now  associated  with  the 
work  begun  by  Sir  William  Precce,  still  another  Past  President  of  this  Institution.  Is  it  any  wonder  then, 
with  all  these  advantages  in  his  education,  that  he  should  be  President  here,  and  that  we  should  be 
welcoming  him  in  that  capacity  to-night  ?  Then  we  come  to  his  practical  experience.  He  had  ten  years 
of  practical  engineering  work  and  administration  of  a  large  electrical  enterprise  in  the  north  of  England, 
and  in  spite  of  all  the  labours  of  that  position  he  showed  his  energy  and  his  public  spirit  by  taking  a 
prominent  part  in  the  work  of  the  Institution  through  its  Local  Section  at  Newcastle.  For  some  years 
he  was  on  the  Committee  of  that  Section,  and  he  was  the  Chairman  in  1901.  Then  he  came  to  London, 
where  he  has  been  for  eight  years,  going  rapidly  up  the  ladder  all  the  time.  He  joined  the  Council  in  1908, 
became  a  Vice-President  in  1911,  and  we  elected  him  President  this  year,  and  shortly  after  that  we 
had  confirmation  of  the  wisdom  of  our  choice  when  he  was  knighted  as  a  reward  for  services  in  connection 
with  a  great  national  undertaking,  the  nature  of  which  I  need  not  allude  to  now.  I  am  sure  members 
will  all  agree  with  me  that  he  thoroughly  deserves  his  rapid  success,  not  only  as  an  authority  on  engineering 
as  such,  liut  also  on  the  business,  financial,  and  accountancy  side  of  engineering.  With  such  an  equipment 
and  such  an  experience  I  am  sure  the  Institution  has  been  wise  in  electing  him  to  the  position  which 
he  now  occupies.  He  has  given  us  to-night  an  address  which  is  distinguished  by  the  qualities  for  which 
we  were  prepared — it  is  able,  clear,  practical,  useful,  and  interesting.  He  has  given  us  much  over  which 
we  shall  ponder.  For  these  reasons  I  have  very  great  pleasure  in  proposing  :  "  That  the  best  thanks  of  the 
Institution  be  accorded  to  Sir  John  Snell  for  his  interesting  and  instructive  Presidential  Address,  and  that 
with  his  permission  the  Address  be  printed  in  the  journal  of  the  Institution." 

Mr.  C.  H.  WoRDiXGHAM  :  It  is  with  the  keenest  pleasure  that  I  rise  to  second  the  resolution  that 
Mr.  Mordey  has  just  proposed,  not  only  because  I  like  to  see  the  chair  Jilled  by  so  able  a  man,  but  because 
of  the  long  friendship  that  Sir  John  Snell  and  I  have  had.  We  have  been  together  on  this  Council  for  a 
long  time,  but  I  refer  more  especially  to  the  old  days  of  the  Municipal  Electrical  Association,  or  rather  the 
Incorporated  Municipal  Electrical  Association  as  it  now  is,  and  it  is  pleasant  to  see  that  the  sterling  worth 
which  I  know  so  well  Sir  John  Snell  possesses  has  met  with  this  fitting  recognition.  I  should  also  like  to  add 
to  what  Mr.  Mordey  has  said,  and  express  my  appreciation  of  the  address  to  which  we  have  just  listened. 
Sir  John  Snell's  opinions  are  always  sound  and  practical ;  he  is  not  carried  away  by  extremes.  Perhaps 
I  think  his  opinions  are  sound  because  I  nearly  always  find  they  are  the  same  as  my  own  ! 

The  resolution  was  carried  by  acclamation. 

The  President  :  I  thank  the  proposer  and  seconder  of  this  resolution  very  much  for  the  kind  words 
which  they  have  said,  and  also  the  members  for  their  kind  support  of  it.  I  also  appreciate  very  much 
the  way  in  which  this,  I  am  afraid  very  prosy,  address  has  been  received,  and  I  am  sorry  for  having  taken 
longer  'n  delivering  it  than  I  intended. 

The  meeting  adjourned  at  9.47  p.m. 
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(.1)  Erroneous    impressions    regarding    the    plJ^sibility   ol 
"  overdrying "   pai^cr   and    the    attainment    of    high 
insulation-resistance  values. 
(b)  Preferable    physical    properties    of    compound,    and 
method  of  application  to  the  cable. 
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tiun  effects. 
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the  case. 
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(g)  Experimental    reproduction    of    the    second    t>-pc    of 
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I.STRODL'CTIOS. 

The  scope  offered  by  the  nominal  subject 
is  so  great  that  the  author  ha^  aimed  at  c. 
matter*  which,  o«'ing   to   the   rapid  dc 
branches  of  the  electrical  industry,  hav 
special  interest  and  discussion  duri:. 

The  electrical  design  of  cables  ha:  .  _ 

lion  at   the  hands   of    many   capable    men    since 
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Mr.  O'Gorm.iii's  masterly  development  of  those  ideas, 
and  the  practical  su}y;estioiis  which  he  based  thereon  in 
his  paper  presented  to  the  Institution  in  lyoi,'-  marked 
the  transition  from  the  riile-of-tliiimb  to  the  scientific  stage 
of  cable  manufacture.  That  those  sugijestions  have  not 
yet  come  to  fruition  is  partly  due  to  economic  and  com- 
mercial reasons,  and  partly  to  the  fact  that  the  necessity 
for  adopting  them  or  similar  measures  is  only  now 
becoming  acute.  It  is  certain  that  if  such  a  general 
advancement  in  working  pressures  had  been  made  as  to 
necessitate  the  use  of,  say,  loo-kilovolt  insulated  cables, 
the  grading  of  dielectrics  in  some  form  or  other  would 
have  become  essential  before  now.  Pressures  up  to 
20  kilovolts  have  called  for  no  special  effort  on  the  part 
of  the  cable  maker,  nor  have  they  brought  him  face  to 
face  with  the  commercial  proposition  of  greatly  compli- 
cating his  manuf.acturing  processes  in  order  to  keep  the 
dimensions  of  his  cables  within  the  limits  of  ordinarj' 
installation  practice. 

True,  he  has  had  to  p.ay  more  attention  to  potential 
gradients  in  20-kilovolt  to  30-kilovolt  cables  than  in  those 
alreadj-  standardized  by  the  Engineering  Standards  Com- 
mittee for  working  pressures  up  to  11  kilovolts,  partly 
for  the  reason  that  there  is  greater  competition  for 
unstandardized  cable,  and  partly  because  the  test  voltages 
of  50-100  kilovolts  called  for  at  these  higher  working  pres- 
sures entailed  stresses  in  the  dielectric  which  approached 
the  dielectric  strength  of  his  materials. 

In  cables  for  voltages  up  to  11  kilovolts  the  maximum 
stresses  were  quite  low,  as  was  pointed  out  by  Dr.  Russell. f 
This  was  partly  necessitated  bj-  mechanical  considerations, 
partly  by  cable  manufacturing  conditions,  and  partly  by 
diliticulties  in  the  way  of  standardizing  complicated  forms 
of  cable  (such  as  those  having  hollow  conductors),  and  was 
partly  entailed  as  a  relic  from  the  rule-of-thumb  days  of 
cable  making.  At  6  to  11  kilovolts  the  opportunity  for  re- 
designing dielectric  thicknesses  was  apparent  years  ago, 
when  manufacturing  practice  was  brought  from  the  dark 
regions  of  chance  and  mysterj'  to  the  light  of  scientific 
knowledge,  because  at  the  standard  thicknesses  employed 
for  such  voltages  the  mechanical  and  manufacturing  con- 
siderations to  some  extent  disappeared  ;  but  apparently 
nobody  had  the  courage  or  opportunity  to  take  the  step 
of  reversing  the  practice  of  increasing  the  thickness  of 
the  dielectric  as  the  size  of  the  conductors  increased. 

The  importance  of  this,  however,  disappears  at  higher 
voltages.  For  instance,  at  20-kilovoU  working  pressure  the 
commercial  considerations  which  entail  the  selection  of 
such  a  voltage  also  to  some  extent  automatically  determine 
the  most  commercially  economical  (from  the  transmission 
and  distribution  point  of  view)  size  of  cable.  This  will  not 
vary  widely  from  o'l  sq.  in.  to  o'i5  sq.  in. 


coxstructiox  of  coxductors 
Cables. 


■OR  High-voltage 


■  At  still  higher  working  pressures,  50  to  100  kilovolts, 
another  set  of  conditions  preponderates,  the  maximum- 
stress  conditions  tending  to  fix  a  size  of  conductor  on 
account  of  considerations  of  the  economical  construction 

•  M.  O'GORJLiX.  Insulation  of  cables.  Jounuil  I.E.E.,  vol.  30, 
p.  608,  1901. 

t  A.  Russell.  The  dielectric  strength  of  insulating  materials  and 
the  gniding  of  cables.    Journal  I.E.E.,  vol.  40,  p.  6,  1907. 


of  the  cable — that  is  to  say,  a  cable  required  for  these 
working  pressures  has,  in  order  to  keep  dielectric  thick- 
nesses within  practicable  limits,  to  be  designed  so  that  the 
conductor  radius,  1;  is  proportioned  to  tlie  maximum  stress 
permissible  in  the  dielectric,  according  to  the  formula 
r  =  V/S,  where  V  is  the  working  voltage,  and  S  the 
maximum  stress  permitted  in  the  dielectric.  It  is  at  these 
working  pressures,  therefore,  that  the  factors  of  character 
and  curvature  of  conductor  surface,  and  dielectric  proper- 
ties of  the  insulating  material,  become  of  paramount 
importance,  and  that  any  grading  device  which  will  tend 
to  keep  down  the  potential  gradient  must  and  will  be 
eagerly  sought  after. 

Let  us  first  consider  the  curvature  and  character  of  the 
conductor  surface.  With  regard  to  curvature,  it  is  obvious 
that  a  large  current-carrying  capacity  will  not  be  required 
in  such  high-voltage  cables,  and  the  large  radius  desirable 
from  the  point  of  view  of  keeping  the  maximum  stress 
within  economically  permissible  limits  is  directly  opposed 
to  this.  Conductors  would  therefore  invariably  be  made 
in  hollow  form  to  a  radius  determined  by  the  above- 
mentioned  formula. 

The  most  economical  radius  of  conductor  for  a  given 
working  voltage  at  a  given  maximum  stress  is  shown  in 
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Fig.  I.  The  scale  of  "  diameter  over  dielectric  "  refers  to 
single  cable.  As  the  radius  of  conductor,  r,  is  the  most 
economical  for  each  condition  of  working  voltage  and 
maximum  stress,  the  radius,  R,  over  the  dielectric  is  equal 
to  re,  where  e  is  the  base  of  Napierian  logarithms,  =2718. 

Fig.  2  shows  a  further  aspect,  i.e.  the  bearing  of  the 
radius  of  the  conductor  on  the  breakdown  pressure  for 
given  thicknesses  of  dielectric,  assuming  200  kilovolts  per 
cm.  to  be  the  maximum  stress  that  the  dielectric  is  capable 
of  supporting. 

With  regard  to  the  character  of  the  surface  of  the  con- 
ductor, many  references  have  been  made  in  the  literature 
of  the  subject  to  the  proposal,  first  made  the  author  thinks 
by  Dr.  Borel,  to  "  lead  sheath  "  the  conductor.  The  credit 
for  the  suggestion  lay  in  the  appreciation  of  the  necessity  for 
the  sheath.  Given  this,  the  proposal  in  principle  was  rather 
an  elementary  and  obvious  one,  such  as  any  electrical 
engineer  might  naturally  have  suggested  to  overcome  a  diffi- 
culty due  to  the  concentration  of  electric  stress  on  any 
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kind  ot  conduclor.  It  Iwd.  however,  tlio  »dvaii(ji|>r  ui 
Ih'iii^  »  \riy  (MAClKTit  iiirthtid  Icoin  llic  C4blc  |h>iiiI  uf 
\ic\\,  bcvau'wi  (lie  altjiaiiicut  lU  »  >iiii>uth  >utlace,  lur 
lii^aiicc  by  meana  of  cop|v:i  cuittluclorii  in  kinp  form,  l» 

11 -t  only  i1ir)u-iitl  but  riiluiU  riskt  of  grcjily  ciiliancctl 
':[c^-.  s  >u  ,  .1-.C  of  ditpljcrinciit  of  (he  stripa  iiiuUr  the 
rvi^t.iicir>  •'!   Iiaiidliii);  and  bciidinti  the  cable.     Juiu,  as 
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is  well  known,  used  this  Icadsheathing  inetliud  in  tii^ 
graded  ciblc,  and  calculated  liiat  by  doiii^  so  he  obtained 
.1  :i.  i  .^'..'jii  of  20  to  30  per  cent  in  the  moximuiu  stress  on 
i.'ic  iniKMiiost  part  of  the  dielectric." 

From  the  point  of  view  of  practical  construction,  it  will 

be  seen  that  the  essentials  for  very  high-pressure  cables 

.lie  ^  large  conductor  radius,  a  smooth  surface,  and  true 

^    '      '       .1  form.     To  secure  the  latter,  the  author  prefers 

I-  hollow  Cure  of  a  substantial  lead  tul>e. t     The 

!^  are  complied  with  by  stranding  llic  ncces- 

:  cop(>er  wires  upon  the  tube,  and  sheallung 

over  them  with  a  tliin  wall  of  lead. 

Fig.  3  shows  the  dimensions  of  a  conductor  designed  on 


these  lines  for  a  50-kilovolt  cable,  allowing  for  a  maximum 
stress  in  the  dielectric  of  50  ^R.M.S.)  lulovolts  per  cm. 

*  A.  RCSSELU     LiX.  al.  f    l^tcDt  No.  »V54>>  IvM- 
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ment  now  largely  used  in  c.h.t.  cables  in  connection 
with  Merz-Pricc  protection  gear  does  not  entail  ,any 
increase  in  the  overall  dimensions  of  the  cable. 

GiuDtNG  THE  Dielectric. 

Turning  to  the  matter  of  dielectric  properties,  the  ques- 
tion naturally  arises  as  to  how  fai  :  'tols  of  U'Gorman 
and  Jona  as  to  varying  the  i  1  of  the  layer*  iii 
order  to  obtain  a  scru  :c> 
are  practicable  from  I:  i  w. 
O  GoriiLui  anticipated  some  ot  the  practical  wurkingidiffi- 
culties  attendant  on  his  proposed  method  of  using  paper 
impregiutcd  with  compounds  of  varying  composition,  and 
noted  that  the  widely  used  method  of  imprcgnaung  paper 
cables  alter  the  paper  was  applied  to  the  conduclor  gave 
"inverse"  grodi:  The  author  is  not  aw-ore  that 
his  profHJsal  of  1  jHrr  with  mineral  matter  in  vary- 
ing degree  to  obtain  vaiyuig  specific  inductive  capacities 
was  ever  put  to  a  practical  test,  but  in  the  light  of  present- 
day  knowledp  -  it  would  appear  probable  tliat  an  appre- 
ciable reduction  in  dielectric  strength  would  accompany 
the  increase  in  capacity  thus  obtained,  and  also  that 
difficulties  as  regards  impregnation  would  be  >-                 l>lc. 

Some  degree  of  vanaiioii  of  specit'ic  iiiduk  ity 

could  be  t'l  llg 

ni.illcij  l>y  v.i  ;cr- 

fcring  with  iiieir  dielectric  strength  or  impregnation,  the 
difference  between  linen,  inanila,  jute,  and  wood-pulp 
papers  due  to  their  composition  and  structure  being 
appreciable.  It  is  doubtful,  however,  whether  sufficient 
variation  could  be  obtained  for  the  purpose  by  this 
nu  .     I  by  varying  the  cx>mposition  uf  tlic 

in.  .iiid  at  the  same  time. 

SiiUiUily  in  Julias  cable  shown  at  the  St.  Louis  Exhibi- 
tion in  UKHf  And  at  the  Milan  Kxhibition  111  it>x>,  the 
adjustment  of  the  capacity  by  loading  the  layers  of  vul- 
caiii^-d  rubber  must  affect  the  dielectric  strength  and 
therefore  hmit  the  breakdown  value  of  the  dielectric  to 
that  of  the  layer  having  the  highest  specific  inductive 
capacity.  The  permanence  of  such  a  cable,  unless  a  large 
factor  of  safety  were  adopted  in  its  design,  w.  '  >!>ly 

be  less   than  tliat  uf   an   ordinary  piper  n^  Me, 

because   the   natur.il   rate  of  -cd 

rubber  is  greater  than  that  ol   i.  -ind 

*  Mcri-Huaicr  P-.>lcnU  No.  4,004,  i«ii  aad  No.  14,0)0  1911. 
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the  close  contact  and  probable  diiTusion  of  the  impreg- 
nating material  of  the  paper  layers  into  the  ruhher  would 
also  be  a  factor  in  shortening  its  hfe  ami  altering  its 
dielectric  properties,  cspcciall)-  if  tlie  iiiipregiiatiiig 
material  was  of  a  resinous  cliaracter. 

(<j)  Inter-fheath  grading  v.  capaaly  gnuting. — From  the 
cablc-manufactiiring  point  of  view  tlie  simplest  and 
most  reliable  method  of  grading  is  by  what  may  be 
described  as  the  intermediate-sheath  method  of  potential 
distribution,  wliich  consists  of  the  interposition  of  mctaUic 
layers  in  the  wall  of  the  dielectric  and  of  "anclioriug" 
them  at  suitable  predetermined  potentials.  As  regards  the 
construction  of  the  cable,  this  method  relieves  the  situa- 
tion from  manufacturing  complications  because  it  is  much 
easier  to  ensure  a  high  and  uniform  standard  of  dielectric 
strength  than  to  control  suitable  cap.acity  grading. 

In  the  discussion  on  Dr.  Russell's  paper  Mr.  C.  P.  Sparks 
said,  "  First  of  all,  there  is  great  practical  difficulty  in  the 
gr.ading  of  cables,  owing  to  the  fact  that  insulating  mate- 
rials have  different  chemical  properties.  Tlie  user  of  cables 
has  to  look  at  the  matter,  not  from  the  point  of  view  of  a 
few  years'  life,  but  as  a  question  of  cables  lasting  for  long 
periods,  25  or  30  years  being  a  reasonably  low  limit  of  life. 
Hence  I  have  no  wish  to  use  cables  constructed  with  more 
than  one  kind  of  insulating  material." 

The  majority  of  large  cable  users  would  probably  have 
the  same  general  feeling  in  the  matter,  and  would  be  more 
inclined  to  adhere  to  the  use  of  a  single  dielectric  material 
with  a  fully  proved  history  as  regards  durability,  than  to 
a  combination  of  materials.  Another  practical  point  of  vital 
interest  to  large  users  would  be  the  question  of  jointing, 
which  would  obviously  be  much  more  difficult  in  cables 
graded  by  varying  materials  than  in  cables  having  a  single 
dielectric  material  graded  by  intermediate  sheaths.  An 
incidental  advantage  of  this  type  of  grading  is  that  the 
electrostatic  discontinuity  difficulty  referred  to  by  Osborne 
in  his  paper  on  "  Potential  Stresses,"  ■■'  and  which  is  liable 
to  occur  between  lavers  of  material  of  di-Tercnt  specific 
inductive  capacities,  is  minimized. 

In  the  author's  opinion  the  effect  of  the  consequent  dis- 
tortion of  the  electrostatic  field  due  to  imperfect  contacts 
between  conductors  and  dielectrics  is  of  such  practical 
importance  that  he  has  proposed  i^  to  use  metalHzed  paper 
layers — the  metal  coating  being  next  to  the  conductors — 
in  order  to  minimize  such  effects. 

The  author  prefers  the  inter-sheaths  to  be  in  the  form 
of  a  lead  tube,  which  enables  a  close  fit  to  the  dielectric 
to  be  uniformly  maintained  and  presents  smooth  surfaces. 
In  most  cases  the  minimum  practicable  thicknesses  of  such 
sheaths  will  easily  carry  the  charging  current.  This  con- 
struction gives  the  important  advantage,  from  the  point 
of  view  of  efficient  manufacture,  that  the  cable  may  be 
thoroughly  tested  after  each  intermediate  sheath  is  applied, 
and  also  between  sheaths  in  the  completed  state.  It  will 
be  appreciated  that  this  feature  is  a  very  satisfactory  one 
from  the  purchaser's  point  of  view  also. 

(6)  Methods  of  inter-sheath  grading.— Various  methods  of 
accomplishing  the  necessary  distribution  and  anchoring 
of  potential  for  both  continuous-current  and  alternating- 
current  cables  have  been  patented  by  Tanner  and  Clare- 

•  H.  S.  OSBORXE.     Potential  stresses  in  dielectrics.    Transactions  of 
the  American  Institute  of  Electrical  Engineers,  vol.  20,  P.  i^tI    ioio 
t  Patent  So.  I9,882/I9I4.  ^^      ^'^'    ^ 


mont.*  One  method,  by  adding  suitable  external  capacities 
in  the  form  of  condensers  connected  between  llie  potenlial- 
dislributing  sheaths,  was  patented  by  the  Land  and  S'^-a 
Cable  Company.  I 

Professor  J.  T.  Morris  in  a  communication  on  Dr. 
Russell's  paper  suggested  [  inter-sheaths  connected  to 
transformer  tapping  points,  but  had  not  apparently  gone 
beyond  consideration  of  the  bare  principle,  no  reference 
being  made  to  the  relative  spacing  of  the  sheaths,  the 
resultant  distribution  of  potential,  charging  current  re- 
quirements, and  other  essentials  of  design.  .\n  arrange- 
ment on  similar  lines  applied  to  the  windings  of  high-voltage 
machines  was  patented  liy  llie  British  Thomson-Houston 
Compan}'  in  1907.^ 

Another  well-known  instance  of  a  somewhat  similar 
type  of  grading  is  found  in  the  condenser  type  of  terminal 
now  largely  used  in  high-voltage  transformers.  In  this 
case  the  capacities  of  the  various  layers  (forming  con- 
densers) are  adjustable  by  trimming  back  the  tinfoil  layers 
to  the  required  extent,  this  adjustment  being  sufficient  in 
such  short  conductors  approximately  to  equalize  the 
potential  gradient. 

According  to  the  methods  of  Tanner  and  Claremont, 
the  adjustment  of  its  distribution  and  the  anchoring  of  the 
potential  in  the  case  of  alternating-current  cables  may  be 
achieved  by  taking  tappings  from  transformers  at  suitable 
points,  or  by  using  separate  compensator  or  choking  coils 
either  across  the  mains  or  between  the  main  conductors 
and  the  grading  sheaths.  In  the  case  of  continuous- 
current  cables  the  proper  distribution  may  be  effected  by 
taking  tappings  from  generators  at  the  desired  potential 
points,  or  by  adding  suitable  external  resistances  in  parallel 
with  the  units  of  the  dielectric. 

The  simplest  of  these  methods  entail  the  disadvantage, 
from  the  user's  point  of  view,  that  they  require  modifica- 
tions or  additions  to  the  apparatus  to  which  they  are 
connected,  such  as  intermediate  tapping  terminals  on 
transformers,  generators,  etc.  The  less  simple  methods 
involve  the  introduction  of  more  or  less  special  apparatus, 
such  as  compensators,  choking  coils,  resistances,  etc. 

It  is  clear,  therefore,  that  from  tiie  commercial  aspect  it 
is  desirable  to  keep  down  the  number  of  inter-sheaths,  so 
that  the  saving  on  the  cost  of  the  cable  due  to  the  method 
of  grading  shall  not  be  counterbalanced  by  the  cost  of 
modifications  to  the  connected  plant. 

With  this  aspect  in  view  it  is  interesting  to  take  the 
concrete  example  of  a  75-kilovoIt  alternating-current  single 
cable  and  to  examine  the  effect  of  using  one  or  more 
potential  distributing  laj'ers  under  given  conditions  of 
maximum  stress,  say  45  (R.M.S.)  kilovolts  per  cm. 

(c)  Comparisons  in  the  case  of  y^-kilovolt  single  cables. — In 
Fig.  5  the  radii  of  the  component  parts  are  shown  for 
cables  having  one  and  two  inter-sheaths  respectively.  It 
will  be  noticed  that  the  latter  starts  with  an  advantage  as 
regards  the  "  radius  over  the  conductor,"  both  being  the 
most  economical  for  the  voltages  across  the  first  layers  at 
the  maximum  stress  chosen.  This  initial  advantage  is 
somewhat  discounted  by  the  radial  thickness  of  the  extra 
inter-sheath,  the  net  result  being  that  the  total  radius  over 

»  P.itents  No.  27,858/08  and  No.  27,859/08. 
t  Patent  No.  25,058/1905. 
*  journal  I.E.E.,  vol.  40,  p.  50,  1907. 
§  Patent  No.  25,834/1907. 
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Ihe  contplric  ciiolectrie  1«  oiiiy  yi  mm.  (|  in.)  Ir«»  in  the 
cable  having  two  inlcr-Uu-atiu  thiin  in  the  cable  havin|> 
one. 

The  dei«i|>n   of  the  cables  with    inier-ihealhs  follows 
KuMwll.-'     It  Is  baMKl  oil  a  ratio  (rxcliulin^  llic  thickness 
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-Cables  for  a  WVirkiiij;  Pressure  of  75  Kilovolts. 


of  the  inter-sheaths)  of  R/r  =  5,  where  R  is  the  inner 
radius  of  the  lead  covering,  and  r  is  the  outer  radius  of  the 
conductor,  and  .ilso  on  a  division  of  the  total  radial  thick- 
ness of  the  dielectric  into  two  and  three  equal  parts 
'■  V  for  the  cables  with  one  and  two  intcr-shcaths. 

\'>  :^  less  than  5,  the  range  of  commercial  useful- 

ness 01  the  inter-sheath  method  of  grading  begins  to 
approach  its  limitations.  Estimates  of  the  cost  of  cables 
show  that  the  lower  limit  of  commercial  ad\-antage  corre- 
Sftonds  with  working  pressures  in  the  neighbourhood  of 
50  kilovolts. 

Fig.  5  was  designed  to  show  one  or  two  other  com- 
parisons which  may  be  of  interest.  The  working  pressure 
of  75  kilovolts  was  chosen  because  this  would  ap}>ear,  from 
the  maximum-stress  point  of  view,  to  be  the  highest  safe 
working  pressure  of  the  Joiia  cable  previously  referred  to. 
This  cable  has  been  described  frequently.  The  essential 
details  for  the  present  consideration  are  given  in  Dr. 
Russell's  paper.  The  comparison  between  Joiia's  cable 
.md  the  inter-sheath  graded  cables  is  of  course  only 
general,  owing  to  the  basis  of  design  being  different,  but 
it  serves  to  focus  one's  ideas  on  the  effect  of  forcing  the 
dielectric  stress  to  high  values  and  increasing  the  number 
of  layers,  ag.iinst  which  one  has  to  balance  margins  of 
safety,  complications  and  difhculties  of  manufacture  (en- 
tailing additional  cost),  and  durability.  The  further  com- 
•  A.  RcsscLL.     •'  Electric  cabin  and  uclwurkt,"  p.  iKS  d  vry. 
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phase  and  a  t>reakduwn  pressure  ol  250  kilovolts  per  phase. 
The  maximum  stress  in  the  dielectric  at  the  woiking 
pressure  is  52  kilovolts  per  cm.  Details  will  be  published 
at  a  later  date.  Fig.  6  shows  a  section  of  one  of  the 
single  cables. 


Fig.  6. 
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Maximum  STREssts  in  HK.ii-via.T\i,t  P.\per  Cables. 

In  the  commercial  manufacture  of  paper-insulated  cables 
a  breakdown  stress  of  about  300  kilovolts  '■  per  cm.  may  be 
regarded  as  the  maximum  obtainable  in  the  present  state 
of  the  industry.  For  purposes  of  guaranteed  tests,  an 
average  safe  figure  of,  say,  1x1  to  150  kilovolts  per  cm. 
may  be  taken  as  representing  good  practice. 

The  origin.il  design  of  a  cable,  however,  has  :    ■  :e 

direct  reference  to  the  test  pressures  than  to  :  iig 

pressure  for  which  it  is  ultimately  to  be  used  ;  and  there- 
fore,  as  test  pressures  specified  for  50-  to  loo-kilovolt  cables 
are  Ukcly  to  be  of  Ihe  order  of  3^  to  3  times  the  working 
pressure,  the  maximum  stress  under  working  conditions 
will  be  40  to  50  kilovolts  per  cm.,  or  thereabouts.  Thi^  is 
a  fair  practical  working  limit  from  .>  w 

also,    nnmelv,    that    healing   due    !■•  ^1S 

be  ible  at  sli  :i. 

uii'.  -  working ..  ;al 

*  R.M.S.  valued  arc  rc<ctTc<l  tu  tiirauglKMtt  lt>c  parcr. 
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points  of  view  from  which  such  heating  is  undesirable  in 
important  e.h.t.  transmission  cables. 

Kig.  7  gives  a  general  idea  of  the  effect  on  llic  diameters 
of  cables  of  the  permissible  limits  of  maximum  stresses. 


50  60  JO  80 

Maj(.  stress  in  kilovolts  per  cm . 


90 


100 


Fig.  7. — Diameters  over  the  Dielectric  of  the  most  Economical 
Cables  for  given  Working  Pressures,  at  various  Maximum 
Stresses. 


The  limit  lines  divide  the  diagram  into  three  parts. 
The  lower  left-hand  area  represents  conditions  where  stress 
and  diameter  conditions  do  not  render  grading  absolutely 
essential.  In  the  upper  left-hand  area  the  conditions 
render  grading  imperative.  This  area  represents  condi- 
tions which,  as  regards  both  electric  transmission  require- 
ments and  cable  construction  limits,  may  be  considered  to 
represent  the  present  situation.  It  may  be  noted  that  the 
introduction  of  one  inter-sheath  serves  the  purpose  of 
bringing  a  given  cable  from  the  upper  to  the  lower  left- 
hand  section  of  the  diagram. 

The  right-hand  area  in  which  the  curves  are  less  steep  is 
interesting  as  representing  the  decreasing  inducement  to 
force  up  maximum  stresses  above  60  kilovolts  per  cm.  in 
order  to  obtain  economy  in  the  diameter  of  the  cable  and 
therefore  in  its  cost.  The  diagram  shows  that  the  limita- 
tions of  the  range  of  usefulness  of  grading  arising  from 
these  practical  considerations  coincide  with  the  com- 
mercial limitations  previously  referred  to.  The  conditions 
which  call  for  grading  appear  to  be  : — 

(a)  Working  pressures  exceeding  50  kilovolts. 
(ft)  Maximum  stresses  above  60  kilovolts  per  cm. 
(c)  VV'here  cable  diameters  would  exceed,  say,  3  in. 

Electrostatic  Effects  i\  High-volt.\ge  C.\ble 
Practice. 

It  cannot  be  too  strongly  emphasized  that,  as  working 
pressures  get  higher  and  higher,  electrostatic  effects  will 
be  the  most  prolific  source  of  trouble,  and  will  accordingly 
have  to  receive  the  most  minute  attention.  Reference  has 
already  been  made  to  the  effect  of  electrostatic  discon- 
tinuity in  a  dielectric  and  the  danger  of  local  potential 
gradients  thereby  set  up.  Another  source  of  trouble  of 
similar  character  exists  at  cable  ends,  and  the  general 
principle  of  tapering  off  the  electrostatic  field  has  to  be 
closely  followed  in  practice  in  order  to  prevent  deteriorat- 
ing eflfects  due  to  static  discharges,  such  as  the  formation 


of  ozone  and  oxides  of  nihogen  and  the  mechanical  dis- 
persion of  impregnating  media. 

Fig.  8  shows  a  temporary  method  of  dealing  with  this 
trouble  during  test  periods  in  the  cable  factory. 


Lead 
Cray 


Lead-covered 
cable 


Fig.  8. 


The  lead  sheath  is  carefully  and  uniformly  expanded 
radially  and  a  metal  tray  is  soldered  on  to  it.  Wax  is 
then  poured  into  the  tray  and  moulded  around  the  dielec- 
tric as  shown  in  the  illustration.  Similar  wax  moulds  are 
applied  where  the  cores  of  multicore  cables  separate, 
the  discharge  at  the  fork  being  sufficiently  intense  in  some 
cases  to  ignite  the  paper  worming  used  to  pad  the  cores 
into  circular  form.  At  the  ends  of  the  cores  similar  wax 
mouldings  are  applied  as  shown.  They  give  sufficiently 
good  results  for  the  temporary  purpose  of  testing. 

Reference  is  made  later  to  the  danger  arising  in  joints 
on  high-voltage  cables  from  concentration  of  electrostatic 
stress  in  conjunction  with  weak  paths.  General  experi- 
ence, such  as  that  which  has  been  obtained  with  high- 
voltage  generators,  coincides  with  cable  experience. 
Laminated  insulation,  coupled,  it  is  true,  with  peculiar 
susceptibility  of  the  insulating  material,"  has  given  trouble 
at  pressures  as  low  as  four  or  five  thousand  volts,  and  has 
had  to  be  abandoned,  materials  and  methods  of  application 
and  assembly  being  adopted  which  in  effect  aim  purely  at 
combating  electrostatic  trouble. 

Testing  High-voltage  Paper  Carles. 

(a)  Electrical  factors  of  safely. — As  regards  the  relation 
between  test  pressures  and  working  pressures,  the  elec- 
trical factor  of  safety  will  of  necessity  be  smaller  on  50-  to 

•  A.  P.  M.  Fl.F.MIXG  and  R  Johnson.  Chemical  action  in  tlie  wind- 
ings of  liigli-voltage  ni.achines.     Journal  I  E.E.,  vol.  47,  p.  530,  igi  i. 
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iao-kilov<J(  cahiM  Ihan  oa  cst>ie>  (or  lower  preuBic«.  (ui 
tlic  luojil  ir^M>n»  prrvlou*Jv  »Ulcd.  wliicli  will  iiccCMitale 

thjl  !' r    I ;■- -Mbie  tiuuiiium   Uicmc*  I>c   umtJ. 

Fur  to   ••  »tniiK>il  "   •«>•»    on    (bcIoi  y 

tonK'.  i*lly 

lr««i  so 

kilovL>lt!>,  i.<.  i^  liiiK>  llic   uoik.ii^  ):ii.  :>uic,i^  luuiitl  liy 

cxpc-rn-iK-c   to    hr   a    »ullicu-ntly    liiuli   pir-Mirc    to    kjtisUv 

cs  aiui    piai.tn.Ml    1  III    S"^ 

-.-   V    .:  _a   .c»  coiiitriictctl  iiiul.  ;      ^  naiirnuiii- 

>t:cs>!i    conditions    >t     will     hardly    l>c    |Kiuiu>iI>Ic     (or 

•'  slriight  ■■  tests  to  c«ce«d  twice  the  workiii);  pressure. 

I'nder  other  test  conditions,  now  loirlv  will  slaiidardi<rtl 


i    lo    iiic>.liaiii(.ul    111  usa^c     : 
■n    ;n    h.nli'it;    w.itcr.    (tic    1 


6gurc  should  hardly  exceed,  tay,  3*5,  and  (or  loo-kilovolt 

cables,  say,  ; r'lc  workinf;  pressure. 

The  (olio wi I  \es  an  approxiiiute  idea  o(  these 


coiiiiitiuus  io  *  puiiil  whii.li  Is  likely  lu  be 


TSil  ft'BMOKM 


WarUBC     Muimuni  SiraM  a<  I  „     ,_^ 
PreiMve      Woitinj  PrcMlirc      SCrtlght 


{bf  Time  flfmenl  m  pressure  lesls. — The  time  element  in 
these   pit  rs  IS  one  that  must  not  be  (oryjottcii, 

because  ii  >r  which  assumes  a  considerable  degree 

oi  importance  where  large  thicknesses  of  dielectric  are 
involved.  EngUsh  cable-practice  has  alwa\'s  been  opposed 
to  anything  approaching  the  "  flash  test  "  which  is  made 
to  serve  in  other  countries,  and  the  dissection  of  a  heavily 
insulated  cable  that  has  broken  down  under  pressure 
cannot  fail  to  impress  on  the  observer  the  (utility  o(.  any- 
thing less  than,  say,  half  an  hour's  application  of  any 
pressure  designed  to  find  weaknesses  without  overstraining 
a  sound  dielectric. 

Cables  sometimes  break  down  under  test  near  the 
expiration  of  the  standard  half-hour  period,  and  as  such 
breakdowns  bear  no  relation  to  the  dielectric  strength  of 
the  insulating  materials  and  cannot  reasonably  be  supposed 
to  be  absolutely  sudden  and  unpreceded  by  a  develop- 
ment period  (in  fact,  evidence  of  such  development  can 
almost  invariably  be  found),  the  risk  of  interrupting  ttie 
developracnl  in  an  incipient  or  early  stage  will  be  much 
greater  in  the  case  of  a  very  (hick  dielectric.  This  is 
obviously  an  argument  in  favour  of  grading  by  inter- 
nicdiiite  sheaths. 

In  testing  joints  to  destruction  at  pressures  in  the  neigh> 


bourhuod  of  too  Ulovottt,  tlM  aatlKir  Ita*  (rc«|u«ativ 
iib>r<vrd  l.tdial  eifWOMOa  of  thfl  lead  sleeve  tcvmd 
miiiuics  betuic  the  electrokUUc  vollincicr  ksvc  any 
indication  of  failure  ;  and  in  oitc  or  two  catcs  the  break- 
down       ■  ■     '     '  ■-  _.  .  .-1..    j^,    f^    3.        i....r,pf 

indK.i:  and  iiu  lU- 

at 
h  . 
I.  ug. 

1  >s  a 

considerable  tendency  lor  faults  in  joints  to  seal  up. 

>   f "'    fi-ntr  of  Ike  leuA  ikeatk  im  heartly 

I    worthy  o^  note  in  connectioo 

tiiij;  iM  I  jtiH  ^  havir  ."  '  "'      '  '     aper 

the  dillicullv    ul  uty 

I  uj  111  it  N  or 

■  in  the  U  ■  lb. 

:iich  reduces  tiie   ii  i    it 

^1  ee.     An  amount  01  ■..  any 

)au'ds  o(  a  low-tension  cable  will  only  t>c  distributed  atnoug 

a  few  of  the  outer  layers  in  a  500-  or  600-mil  dielectric,  and 

Its  path  of  least  resistance  will  be  longitudinal  rather  than 

Under  these  cundilions  It  .  r  o< 

c  that  electrical   Ic^t5  may  1  .  to 

liiiiKJle    tiic  presence  of  water,  and  yet  it  '.   in 

sufficient  amount  to  cause  trouble  when  it  ^  r  to 

distribute  itself,  (o  Kiy  nothing  of  I'  '  Jrg 

breakdown  consequent  on  a  flaw  li.   ,    ^  J  in 

the  lead  covering. 

To  obviate  this  difficulty  the  author  has  suggested,"  and 
used  in  many  cases  during  the  past  two  years,  a  metallic 
•'test  sheath."   1.     '  -^d  from 

the  lead  cover;;  •■  ot  the 

order  of  50  megolinia  {>cr  nnlc.     In  'csts 

between    this    sheath   and   the   le .  .  :   an 

absolutely  reliable  proof  o(  the  presence  or  al>scnce  of 
water  so  (ar  as  ingress  through  the  lead  sheath  is  con- 
cerned. The  test  sheath  is  also  usr(ul  (or  maintenance 
tests,  especially  on  subaqueous  high-voltage  power  cables. 
(Jl  Effector  ill-uidge  tali. — With  reference  to  the  etiect 
of  heating  and  bending  tests  on  the  b-  l  of 

the  dielectric  of  a  paper-insulated  cable  avs 

that  the  former,  which  usually  takes  the  form  oi  11 
in  boiling  water  lor  half  an  hour,  does  nut  on  the 
appreciably  reduce  the  breakdown  voltage. 

In  the  case  of  bending  tests  o(  ordinary  severity  it 
depends  on  the  amount  o(  displacement  o(  the  layers  of 
paper  under  the  effects  of  mechanical  ill-usage,  and  is 
therefore  to  some  extent  dependent  on  the  form  of  the 
cable— that  is  to  say,  the  resistance  it  olleis  to 
and  the  facility  with  which  it  can  regain  tin. 
relative  disposition  of  its  compv>nent  parts — and  the 
thickness  of  the  dielectric  An  average  reduction  of 
the  breakdown  voltage  due  to  these  cause^  may  be  taken 
as  15  to  20  per  cent  for  well-constructed  e.h.t.  cables. 

(e)  ForetiXiting  Ike  hrettkJown  point. — For  very  high- 
\    "  .tiles  it  becomes  ini 

It  of  view,  to  have 
I  .vn  point 

\  ^  iibrot>kc  1 

niigtit   t>c   made   l\v   watching   ilic   le.  the 

increase  of  the  power  factor  with  an  1  test 

•   Patent  No.  JJ.J$S  l><i» 
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voltage.  More  reeently  Mr.  Rayncr  described '•■  a  mcfhod 
for  arriving  at  a  similar  end  by  superposing  a  continuous 
current  on  the  alternating  test  current,  and  showed  that 
the  values  of  the  continuous  current  which  could  be  passed 
through  a  dielectric  under  test  rapidly  increased  as  the 
point  of  failure  was  approached. 

Hochstiidter  states,  however,  that  breakdowns  occur 
suddenly,  and  that  from  oscillographic  records  no  change 
whatever  takes  place  in  the  properties  of  the  dielectric  up 
to  the  point  of  breakdown. 

It  seems  highly  prob.able  tliat  the  results  obtained  by  the 
two  first-mentioned  authorities  were  due  to  tlic  effect  of 
temperature  on  the  capacities  of  the  dielectrics  experi- 
mented on,  and  that  these  effects  did  not  occur  in  the 
cables  referred  to  by  Hochstiidter.  |- 

In  the  course  of  his  account  of  tlic  research  re- 
ferred to,  this  author  notes  that  the  true  capacity  (by 
alternating-current  methods)  remained  constant,  and  that 
the  dielectric  losses  followed  a  steady  curve  up  to  the 
breakdown  point  without  anj'  change  occurring  in  the 
properties  of  the  cable.  He  does  not  claim  that  his  results 
apply  generally,  but  he  thinks  that  much  depends  on  the 
particular  material  under  consideration. 
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Fig.  Q  shows  the  variation  of  capacity  with  temperature 
in  the  case  of  four  different  compounds,  selected — as 
types — from  a  large  number  experimented  on  by  the 
author.  Curves  2  and  4  illustrate  slight  negative  and 
positive  temperature  coefficients  respectively,  and  Curve  3 
an  absence  of  temperature  coefficient  such  as  Hoch- 
stadter's  results  indicate  for  his  material.  Curve  i  is  vastly 
different  both  as  regards  specific  value  at  a  given  tempera- 
ture and  the  value  of  the  temperature  coefficient.  It  also 
shows  peculiar  variations  in  the  latter  value  at  a  critical 
temperature  range. 

The  enormous  differences  shown  to  exist  may  possibly 
have  some  bearing  on  the  divergence  of  views  of  the 
authorities  referred  to. 

•  Journal  I.E.E.,  vol.  49,  p.  47,  1912  ;  also  vol.  52.  p.  77,  1913. 
t  Elektrolcchiiische  Zcitschrifl,  vol.  31,  pp.  467,  509,  537,  558,  and  570, 
1910 ;  also  EliCtriciaii,  vol.  65,  p.  850,  1910. 


In  passing  it  may  be  of  interest  to  note  that  the  tests 
showed  a  more  or  less  distinct  relation  kbetwccn  the  phy- 
;  sical  properties  of  the  compounds  and  tlic  variations  in  the 
I  capacity.  For  instance,  the  compound  to  whicli  Curve  i 
j  refers  (composed  of  mineral  oils,  waxes,  and  resin),  and 
I  which  obviously  had  not  been  adjusted  for  electrical  pur- 
I  poses,  was  found  to  owe  its  peculiar  variations  between 
I  85°  F.  and  98^  F.  to  re-arrangement  of  the  solution  of  some 
I    components  in  others. 

Compound  No.  2  was  also  a  mixture  of  oils  (resinous 
oils  predominating,  but  mineral  oils  also  present  in  small 
proportion),  waxes,  and  resin,  which  had  been  carefully 
prepared  and  proportioned  for  cable  purposes. 

Compound  No.  3  was  a  true  solution  (of  resin  in  resin 
oil)  at  all  temperatures,  and  Compound  No.  4  a  crystalline 
solid  (mineral  wax)  of  fairly  definite  cliemical  composition, 
having  a  melting-point  of  132°  F. 

The  compounds  were  tested  by  the  ballistic  method  in 
a  large  condenser  specially  made  for  the  purpose,  consist- 
ing of  a  number  of  thin  metal  tubes  arranged  concen- 
trically, temperatures  being  determined  by  measuring  the 
resistance  of  fine  wire  coils  wound  on  some  of  the  tubes. 

Working  Vicissitudes  of  Insulated  Cables. 

Troubles  which  arise  from  working  conditions  may  be 
considered  from  two  general  aspects,  namely, 

(i)  Physical  and  chemical  properties  of  tlie  component 

parts  of  the  cable. 
(2)  Conditions  external  to  the  cable. 

In  general,  only  three  types  of  insulating  material  need 
be  considered,  namely,  paper,  rubber,  and  vulcanized 
bitumen. 

PAPER-INSULATED   CABLES. 

(i)   Physical  and  Chemical  Properties  of  COiMPONENX 
Parts  of  the  Cable. 

The  advantages  due  to  the  chemical  stability  of  pure 
manila  paper,  and  the  durability  resulting  therefrom,  are 
offset  to  some  extent  in  practice  by  its  hygroscopic  proper- 
ties, necessitating  careful  sealing  wherever  the  dielectric  is 
exposed.  No  degree  of  impregnation  will  render  paper 
waterproof  to  the  extent  necessary  to  comply  with  the 
requirements  of  cables. 

(a)  "  Ovcrdryiiig"  paper  and  the  aitaiiuneni  of  Iiigh  insula- 
tion-resistance values. — In  connection  with  impregnation, 
there  are  one  or  two  erroneous  impressions  which  require 
correction.  One  is  that  paper  may  be  "  overdried  "  during 
cable-making  operations  ;  and  another  is  that  high  insula- 
tion resistance  is  obtained  by  overheating  the  dielectric, 
or  in  other  words  is  due  to  manufacturing  accidents  or 
imperfections.  Even  now  one  occasionally  sees  modern 
specifications  which  state  that  cables  having  an  insulation 

resistance  of   over  megohms   per  mile  will   not  be 

accepted. 

With  regard  to  the  former  fallacy,  the  author  would 
repeat  the  statement  which  he  made  last  year  during 
the  discussion  on  Mr.  Evershed's  paper,*  to  the  effect 
that  paper  contains  hygroscopic  moisture  which  can  be 

*  S.  E\'ERSHED.  Characteristics  of  insulation  resistance.  Journal 
I.E.E.,  vol.  52,  p.  51,  1913. 
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ilrti  It  caniiut  l>c  ovciiliictl. 
olUjiiiin^  of  liitili  iiiMilutioii  ic^ol- 
•II  thi>  idea  i>  to  suinc  cxiriil  4  rclic 

ml  tiii  ii.x-  I  iincikKiulcii  cottuii  and  julc  cables,  when 
there  Vkcfc  only  one  or  two  makers  of  p4|»er  cililcs  in  Chis 
CtM.  Aiiuf  criiical  leiiii>cralurcs  I- 

Cr;.  i.tK. 

Kvcii    llicll    It  \^ 

obtained  by  lonj;  .  ^ 

fail  heating.  It  was  more  likely  that  they  weie  due  to  the 
suprrv  ,ioi  ,T..,||  oi  the  absorbent  dielectric  with  the 
mi)  nieiiiuiu   which   accompanied    the  obvious 

ovciiu.itini;.      Willi   llic   same   method    of    in:;' 
as  was  used  (01   cotton  and  jute  cables,  i.f.  in 
m  ol    tl.t 

p.  ,  ;c  may 

ai.>.  tuu   piuluiifjed    tiedtiii)t,    and 

Lu^  V  •.  made  in  this  way  have  lud 

the  matter  kept  alive  in  their  minds.  The  point,  however, 
is  that  high  insulation  does  not  necessarily  indicate  over- 
heating. It  depends,  in  a  well-made  paper  cable,  on  the 
specific'  resistances  of  the  components  ^dry  i'a(>er 

and  con  .d  their  relative  projvirtions. 

To  cite  an  lu.Niaiice.  in  a  cert.iiii  make  of  paper  cable  in 
which  the  paper  is  applied  to  the  conductors  after  iinprejj- 
iiatioo,  the  period  of  heating  of  the  paper  is  only  a  matter 
of  seconds,  as  compared  with  hours  in  other  makes  in  which 
the  paper  is  impregnated  after  application.  Yet  the  dielec- 
tric in  the  former  gives  an  appreciably  higher  insulation 
resistance  than  the  latter,  for  reasons  which  relate  solely 
to  -.  for  the  materials  used. 

I  .\$iciil  prof'(rtui  i'l  L^'mpound,  and  method 

oi  .:  .0  ih<  fafer. — It  will  be  noted  that  the  method 

of  .  ..ing  the  paper  before  the  latter  is  applied  to 

the  cable  not  only  renders  overheating  impossible,  but 
ensures  the  maximum  degree  of  uniformity  in  manufac- 
ture, and  consequently  in  the  electrical  properties  of  the 
cable.  Such  uniformity  has  long  been  recognized  to  be 
of  considerable  moment.  ' 

It  is  .1'  i.int  that  under  working  conditions,  into 

which   ..  the   dielectric   will   almost   invariably 

enter,  the  impregnating  medium  should  remain  in  its 
original  position  throughout  the  life  of  the  cable.  For 
these  reasons  the  author  prefers  to  impregnate  the  paper 
in  sheet  form,  before  its  application  to  the  cable,  with  a 
com{x>und  which  is  sohd  at  the  ordinary  temperature,  and 
at  maximum  working  temperatures  remains  sufliciently 
viscous  to  stay  in  position,  providing  sufticient  ••urplus  of 
compound  on  one  side  of  the  paper  to  ensure  ample 
Ikxibility  in  the  wall  of  dielectric  and  also  the  hlling  of 
interstices  between  the  edges  of  the  convolutions  of  paper 
when  wrapped  en  the  conductor. 


(j)  COXDITIONS  E.\TERN'.\L  TO  THE  CaULE. 

Assuming  the  use  of  the  best  materials,  the  necessary 
careful  construction,  and  normal  usage,  it  may  be  taken 
for  granted  that  any  appreciable  deterioration  of  papwr- 
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and  canliOilion 


maximum  \jdc  wu>  i^-ralure  o<  the 

pro|>er   basis  for  U^: 1;;  the  perinis-. I 

cables,  aiid  that  sooner  or  later  expansion  and  i  1 

"     ts  will  take  their  toll.     In  this  particular  tinrLM   .1  a 

.'.    deal    inav    l>c   done    bv   the   provision   of    suitable 


•  J'turuat  l£.E..  vol  Jo.  p.  63}.  1901. 


An  illustration  of  this  is  furnished  by  Fig.  10,  which 
refers  to  exfiansion  and  contraction  measurements  on  two 
95  ft.  lengths  of  0*5  sq.  in.  concentric  low-tension  pa|»cr- 
insulated  lead-covered  cable  in  the  courv:  of  a  scries  of 
experiments  under  carefully  con'  ns. 

Although  only  mentioned  here  :  >.-  point,  it 

is  necessary  to  slate  briefly  the  conditions  of  the  experi- 
ments, which  were  as  follows  : — 

The  two  lengths  of  cable,  which  differed  only  in  the 
spacing  and  gauge  of  the  wires  comprising  the  outer 
conductors  (entailing  a  slight  difference  in  the  total 
rigidity  of  the  cables  and  a  difference  of  a  few  mils  in 
their  overall  diameters^  were  separately  mounted  on  a 
series  of  rollers,  one  on  each  side  of  a  central  beam.  It 
should  be  noted  that  this  slight  difference  in  longitudinal 
rigidity  was  insothcient  to  have  the  slightest  effect  on  the 
llexibility,  and  was  such  as  might  be  encountered  any  day 
between  cables  of  different  origin.  In  other  words,  the 
difference  was  so  slight  as  to  have  no  signilicance  from 
any  other  point  of  view  but  the  one  under  consideration. 

In  the  twelve  experimental  runs  referred  to  in  Fig.  10 
the  rollers  were  fixed  s».i  that  they  could  not  revolve,  the 
frictional   resistance   to   movement    thus    being    uniform 
throughout  the  lengths  of  cable.     One  end  of  each  cable 
was  &xed.  and  the  other  ends  were   sweated  into  brass 
blocks   free   to   move   in   guides   and   geared   to  suir-.'!'.- 
graduated  dials  in  order  that  the  movement  under  hi  . 
conditions  could  l)c  noted.     .\t  intermediate  pai : 
the  one-third  and  two-third  distances  referre<i  t' 
the  movement  was  noted  by  mean^  of  poiii!i 
rollers  and  arranged  to  give  a  leailing  on  .     . 
roller  used  being  freed  for  the  purpose. 

A  continuous  current  of  750  amperes  at  suitable-  ^>>h.ii<c 
was  fed  into  the  cables  at  the  fixed  end,  cross  c 
being  made  to  put  the  four  conductors  in  seru^  »ii  ^  ~>l 
inteifering  with  the  free  movement  of   the  cable  at  the 
other  end. 

The  length  of  each  run  was  determined  by  the  time 
required  to  attain  maximum  expansion.    Kc: 

•  C  VtUXIKK.     TIk  Uyiiigaoa  nuiulc:iau^c  .1  l._ _ 

J.vriKi/ /.£.£.,  voL  47.  p.  Jij,  igi  1 
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of  the  tests  this  time  averaged  3I  hours,  aiul  the  tempera- 
tiire  rise  avcrajied  112"  F. 

In  Fig.  lo,  e;ible  A  is  the  more  rigid  and  cable  B  the  less 
rigid  length.  The  values  for  the  expansion  and  contraction 
are  tliose  recorded  after  cooling  down  (in  the  case  of  runs 
3-9  after  6  days,  and  in  runs  10-14  after  24  hours),  the 
actu:il  air  temperatures  being  corrected  to  65"  F.  Cor- 
rection values  were  obtained  from  a  separate  scries  of 


iriiMi  the  fixed  end.  The  cumulative  effect  of  the  ex- 
pansion in  cable  A,  and  of  the  contraction  in  cable  B, 
is  very  marked  in  these  parts.  The  ulliniatc  results  of 
such  expansion  and  contraction,  naniclv,  the  pulling  out 
of  conductors  at  joints,  the  fracture  of  lead  sheaths,  and 
other  forms  of  damage,  are  too  well  known  to  engineers 
to  call  for  further  reference  here. 

The  particular  conditions  illustrated  above  are  chosen 
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No.  of  runs  (  number  of  bimes  of  hedCing  t;o  *  constlant  ma.ximum  expansion,  and  cooling) 

Fig.  10. 


observations    over     a     range     of     normal     atmospheric    1 
temperatures. 

It  will  be  seen  that  the  general  behaviour  of  the  two 
cables  was  entirely  different,  cable  A  tending  to  take  up 
permanently  and  increasingly  expanded  positions,  and 
cable  B  the  reverse.  An  interesting  feature  in  both  cases 
is  that  the  net  result  of  the  cycles  of  expansion  and  con- 
traction entailed  in  this  particular  set  of  conditions 
produces  the  maximum  effect  at  a  part  about  two-thirds 


as  roughly  typical  of  those  which  obtain  in  a  draw-in 
system,  and  many  interesting  comparisons  and  forecasts 
may  be  made  from  the  results.  The  author  regrets  that 
pressure  of  other  work  has  up  to  the  present  prevented 
this  interesting  study  being  carried  to  a  conclusion,  but 
the  results  summarized  above  are  perhaps  a  sufficient 
demonstration  of  his  view  that  little  can  be  done  to  assist 
cables  which  are  grossly  overloaded,  so  far  as  manufacture 
and  laying  conditions  are  concerned. 
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(*)  Ttmpftmlmrt  nu  in  r«Mrf.— Apart  fn>m  »»i  li  i>1iv»ical 
cUcxit  *i  llic  (orc);oiii|{,  lite  iialurul  rale  o(  (1> :  iM 

iiikuUliiiK  iiuleniils  u  appreciably  iiicieaMni  n  iii);h- 
lriii|viatuic  c<>iuiilit<ii!>.  iiiucli  dr|>eiuliil){  on  llir  iiulriial 
»i'  ICC  i>(   liraliii^.      Tluclitil   t>i  l)ir  tv|>r  ol 

111  .   o(   o.il'lt-.    .tii'l  iiicti""!   Ill    l.i\iii^,   uii   llic 

llli!;.:    .:    .1      ll>C     III  .  >,     llJS     IIUl     Ulllll 

fcvriil    >i.ji>  l>ceil   >ii!  ;.(l. 

In  a  conlnbution  to  (lie  diM:u>&iun  on  Me>!kr\.  Mi'Im>iii 
■ad  ltootti'>  pai^r  *  the  author  ^avc  .1  Kt  u(  curvc» 
•howing  the  appruxiiiialc  relation  between  wiou!>  ty|>ck  ol 

III-  and  metluHl'i  >>(  l.i> ;  '    ihe 


li 


to    I*   \i    IllN-c-s     W  111 


Ihe 

bcojii:}^  i'l  :  ll  U'4^ 

thowM  ih:ii  >  (jlK>ut 

7;  :  dill);  to  the  tlirniial  profHrrtirs  ol  tiic  iiiatrriaU 

<ii  ^  s  It  w'cre.  Iiiik>  in  the  cliain  l>ei\veeii  the  con- 
ductor and  the  actual  or  virtual  external  boundary  of  the 
h,.  .1,.!  ...  i^s  of  cable,  or  cable  plus  conduit,  etc.,  and 
jv  I  the  degree  of  contact  l»etwcen  the  coin)H>iicnt!> 

01  II  .  ..Ill 

This  is  a  importance,  especially 

as  it  »  '.iture  rises — for  a 

given  I  :ij;   in   which  it  is 

common  to  group  c.ubles  closely  ;  tor  example,  in  solid 
and  draw-in  systems. 

The  present  Institution  figures  for  current  density,  based 
on  Messrs.  Mclsom  and  llooth's  work,  do  not  refer  to 
underground  cables,  nor  do  they  take  into  account  the 
differences  in  heat  dissipation  due  to  various  methods 
of  Living,  or  thicknesses  of  dielectric  oilier  than  low 
tension,  and  tiiey  refer  onlv  to  sii:. 

The  Institution  Research  Sub-Coin  .  cstigatingthe 

heating  of  buried  cibles  are  doing  useful  work,  and  their  re- 
searches will  in  due  course  throw  much  light  on  the  subject. 
Meanwhile  a  word  of  warning  appears  to  be  neccssar\' 
as  to  the  itseful  limits  of  the  present  Institution  figures 
for  current  den>itv.  and  the  data  on  which  they  are  based. 
For  instance,    ^  -r-insulaled  lead-covered   cables 

used  at  considc.  ^.r  current  densities  tli.m  those 

given  in  the  InstiluUon  Wiring  Rules  do  not  attain  such 
high  temperatures  as  would  be  found  by  extrapolation 
of  data  obtained  at  lower  current  densities. 
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KiG.  II. — 05  sq.  in.  Single  I'apcr-insulated  Lcad- 
covcrcd  Cables 

This  is  illustrated  by  the  curves  in   Fig.  it.     In  the  full 

part  of  Curve  i  are  plotted  values  obtained  on  0-5  sq.  in. 

•  S.  W.  Mblsom  and  H    C.  BoOTU.     Tlic  lidUog  at  cattle*  with 
currenl.     J^.'unui /.£.£.,  vol  47,  p.  711,  1911. 
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Fiti.  1;. — 0  1  sq.  in.  3-1.XHC  .io-kiluvult  Cat>lc  at  various 
Current  I>cnsilirs. 


Fig.   12  shows   a  comparison  of   the  temper. iture  rises 
obtained  from  actual  tests  at  x-arious  current  n 

a  o"i  sq.  in.  3-core  30-kilovolt  cable  under  tWo  ^  .... .,.«;!» 
of  laying,  with  those  calculated  from  the  formula  due  to 
.\pt  and  Mauritius — 

■  =  /? 

where  I  is  the  current  in  amperes,  /  the  temperature  rise  in 
degrees  Centigrade,  y  the  sectional  area  of  the  conductor 
in  square  milliinetres,  and  t  a  constant  depending  on  the 
form  in  which  the  cable  is  made  up,  namely,  twin.  3-core, 
etc.,  and  also  with  Messrs.  Mclsom  and  liooth's  fonnuU — 


'='<©• 


Lif   the 
-f  Ihe 

.d. 

of  the   line 


where   «   is  the   current   density,    D  the 
outside  covering  of  the  cable,  S  the  secli' 
total  copper,  K  a  constant  depending  on  itie 
rise  under  consideration  and   the  sy>tem  of  u 
and   n  a   constant   depending    on   the  slope 
connecting  log  i  with  log  U,S. 

It  should  be  mentioned  that  the  temperature  rise  in  the 
case  of  the  two  upper  curves  was  not  contributed  to  by 
tlielectric  hcatiii'.;  open-circiiil  tests  at  the  woiking 
pres>ure  rc\  ■  ire  ri>e    w  '"e 

wide  diverge:  .  results  .1:  i^J 

from    the   available    means   ol    app;  -^ 

temperature  rises  illustrates   the  urj,i. '•'■'< 

research  now  in  progress. 

(i)  Jomli  in  ..ifr/<-s.  MoAintd  mf1lu\ii  'or  irrr  W|* 
preiium. — joints  have  .ihvavs  toii>tituled  tbe  weak  spots 
of  networks,  although    •  ^'g 

•  f^'minal  I  £.£  .  \..l   ^ 
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work  has  greatly  improved.  Probably  the  best  results 
have  been  obtained  where  the  general  principle  of  making 
the   joint  as  much  like  a  specially  reinforced  part  of  the 


Sect;ion  on  AB 

Fig.  13. 


B 

Section  on  CD 


cable  as  possible  has  been  consistently  followed.  One 
good  reason  for  this  is  that  there  is  clearly  a  much  better 
chance  of  making  a  lead-sleeve  joint  watertight  on  a  lead- 
covered  cable  than  by  using  a  cast-iron  box  which  in 
many  cases  depends  solely  on   the  compound  used  for 


Fig.  14. 


fining  it  to  exclude  moisture.  The  apparently  simple 
process  of  filling  a  joint  box  really  contains  sufficient 
pitfalls  to  make  it  wonderful  that  joint  troubles  are  not 
much  more  frequent. 

At  pressures  of  50   to    ico  kilovolts  the   necessity  for 
avoiding  any  concentration  of  stress  and  weak  paths  (or 


combinations  of  the  two)  becomes  very  marked.  So  much 
so  that  construction  which  affords  an  ample  margin  of 
safety  at  working  pressures  up  to  1 1  kilovolts  becomes  no 
longer  permissible.  The  above-mentioned  pressures  of  50 
to  100  kilovolts  ma)'  be  taken  for  this  purpose  as  repre- 
senting the  margin  of  safety  required  at  working  pressures 
of  20  to  30  kilovolts. 

First,  the  conductor-jointing  ferrules  must  be  designed 
in  bold  curves,  and  they  must  accur.ately  fit  the  conductor 
before  sweating.  They  should  be  fitted  and  finished  off 
as  shown  in  Fig.  13.  The  slightest  excrescence  of  solder 
at  the  ends  of  the  ferrule  is  a  source  of  electrical 
weakness. 

Wrappings  of  tape  or  paper  for  the  purpose  of  insu- 
lating the  copper  joint  are  in  the  author's  experience 
inadmissible,  the  chief  reason  being  the  risk  of  electrostatic* 
discontinuity  troubles  or  weak  paths  between  the  original 
insulation  of  the  conductor  and  the  applied  wrappmgs. 
This  risk  may  be  minimized  by  suitable  refinements  of 
workmanship,  but  under  even  the  best  conditions  of  prac- 


FiG.  15. 

tical  work  there  is  a  danger  of  a  combination  of  electro- 
static discontinuity  and  weak-path  troubles.  For  this 
reason  the  author  prefers  to  eliminate  as  far  as  possible 
the  element   of  variable  workmanship. 

In  Fig.  14  is  shown  a  form  of  3-core  cable  joint  in  which 
all  wrappings  or  sleeves  of  fibrous  insulating  material  are 
eliminated,  the  jointed  cores  being  supported  in  specially 
designed  porcelain  "  spacers,"  made  of  completely  vitrified 
unglazed  porcelain.  These  spacers,*  illustrated  in  Fig.  15, 
are  so  designed  that  the  two  parts  of  which  they  are  com- 
prised may  be  put  together  after  the  joint  is  made,  without 
straining  the  cores  apart.  They  are  specially  shaped  to 
resist  any  tendency  to  trap  air  or  gases. 

It  is  found  that  the  effect  of  the  presence  of  the  porce- 
lain  spacer   on   the   potential    gradient,   as    regards    any 
tendency  to  cause  electrostatic  distortion  when  the  spacer 
is  efficiently  embedded  in  the  compound,  is  negligible, 
•  Patent  No.  21646/1913. 
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IcmI  cuvcniigk  lta»  hccn  (411  ly  cuitiiiion,  thuuKli.  tluiiik» 
Urt^ly  lo  Ihe  HtMid  oi  Trade  rule  ak  lo  the   iiuixiinum 
|>eriiiiuitdc   (HXeiilul   difference    between   tiuniway   railii 
oiiit   earth,  and   sImj  i>wuif;   tu  our  in^ular  1  ' 
unvtliiii)>  like  Ihe  extent    ek|>ciienced   ni   ntl: 
C'  !;ii(}  and    cii)s>  IhiiuIiii^  .il   -  nit 

oil  >^    u»ually  Itecn   Ilic  iiiiaii^  1  1  mg 

01    chev'kui);  Muli  coirnMon. 

Survey^  lor  the  pur|H>»c  ui  lindin)>  equipotenlial  |K>int», 
and  otherwise  deterniinini;  the  best  Uy-oul  uf  bonding 
systems,  have  become  tlie  reco{;iii/c<l  procedure  in  many 
Urjjc  systems.  The  likehhuoii  0/  sulIi  (Hunts  alterm^  in 
course  of  time  with  the  |>ro\vlh  of  a  network  is  also 
«ppreci;»trd 

I  .ur 

»  the 

cables  themselves,  Ihe  most  prolihc  source  of  such 
leakage  current  is  inelhcient  sealing  of  "  trims  "  at  con- 
nections, in  conjunction  witli  lack  of  bonding,  whereby 
local  leakage  circuits  are  set  up,  eventually  giving  rise  to 
other  leakage  circuits.  The  extent  to  which  this  disease 
can  develop  undt.  iis  of  negligent  maintenance  has 

lo  Ih-  -^crn  10  K- 

■1  of  ttaJ  bluathi. — Chemical  action  is 
So:  I   the  corrosion  of  lead  coverings,  a 

notable  instance  being  that  of  the  wooden  bridges  which 
used  to  be  almost  universally  employed  in  the  solid  system 
of  laying  cables.  The  author  has  examined  many  caNCS  of 
this  kind  which  have  occurred  in  this  country  and  abroad, 
and  he  has  invariably  found  them  to  be  due  to  electrolytic 
action,  the  wood  having  formed  the  path  for  the  current. 

Apart  from  very  exceptional  cases — so  exceptional  as  to 
be  quite  distinct  from  ordinary  cable  conditions — it  may 
be  taken  for  granted  that  simple  chemical  action,  as 
distinct  from  action  assisted  by  current,  is  a  cause  of 
trouble  which  may  be  regarded  as  negligible  with  lead- 
covered  cables. 

(^r)  H<thanu,il  iLimagi. — This  form  of  trouble  hardly  calls 
for  mention,  because  the  various  sources  from  which  it 
may  arise  are  usually  obvious.  The  author's  attention  was 
recently  called,  however,  to  a  type  of  damage  which  is  of 
considerable  general  interest,  as  it  arises  from  conditions 
that  are  of  modern  growth,  and  are  likely  to  be  encoun- 
tered in  any  large  town  where  heavy  motor  lorry  traffic 
exists. 

A  lantern  slide  shows  three  samples  of  i°o  sq.  in.  single- 
core  paper-insulated  lead-covered  cables  selected  from  a 
number — kindly  lent  to  the  author  by  Mr.  L.  K.  Lee, 
Mains  Kngineer  to  the  Manchester  Corporation  Klcctricity 
Department — as  illustrating  various  stages  of  development 
of  the  damage  due  to  this  cause. 

The  cables  were  laid  solid  in  iron  troughs  at  a  depth  of 
4  ft.  below  the  road  surface,  and  liad  been  in  use  for 
several  years.  Within  the  last  two  or  three  years  a  slowly 
spreading  epidemic  of  faults  of  this  character  has  arisen 
on  lead-covered  cables  subjected  to  the  concentrated 
pounding  of  the  road  surface  resulting  from  the  accentu- 
ated conditions  of  weight  and  speed  of  heavy  traffic,  and 
cspc-cially  where  service  cables  are  taken  across  a  street 
under  the  roadway.  The  effect  of  this  pounding  is  slightly 
to  depress  the  line  of  cable  and  troughing  at  the  least 
rigid  parts,  1.^.  the  joints  between  lengths  of  troughing, 
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laiici  itie  use  01  non -lead-covered  cable  in  wood  or  aspliill 

troughing. 

It  should  be  remembered,  however,  that  other  methods 
of  laying  cables  are  not  so  susceptible  to  lliis  fotm  ol 
damage  as  the  solid  system,  for  the  reason  that  when  laid 
in  pipe?  or  ducts  or  directly  in  the  soil  t:  ■  -  com- 

paratively free,  so  that  the  movement  il  is  nol 

concentrated  on  a  length  of  a  fraction   ■  '.,  as  it 

obviouslv  15  under  tlic  ci'iulitiiii->  .il>\f 

KL  aiiKK  l-NSLLATKU   CABLES. 

(1)  Physical  .%\d  Chemical  Hrohkkties  oi-  Comi-uxext 
Parfs  ul-  THE  Cable. 

The  physical  properties  of  vulcanised  rubber  are  fairly 
Well  understood  and  have  received  much  alli.  :n 

time  to  time,  but  efforts  to  co-ordinate  them  wi  .>1 

properties  have  not  been  and  cannot  be  successful,  at 
least  in  the  present  state  of  the  art.  The  reason  of  this  is 
that  maximum  strength  and  elasticity  are  not  compatible 
with  maximum  insulation  resistance  or  dielectric  strength. 
Especially  is  this  true  as  regards  the  former,  as  may  be 
judged  from  the  fact  that  if  we  modify  r   '  '.ly 

designed  for  insuLiting  piirp«'"ae^  by  iniri>.i  11 

ingredients  which  are  :i 

mechanical  rubber  gt 

taining  maximum  strength  and  elasticity,  we  may  nnd  llial 
even  so  small  an  addition  as  05  per  cent  of  certain 
ingredients  may  result  in  a  reduction  of  something  Uke 
50  per  cent  in  the  insulation  resistance.  This  in  itself 
might  be  comparatively  harnriess,  but  another  extraor- 
dinary result  from  the  electric^al  point  of  view  is  tlial  in 
spite  of  the  physical  improvement  the  molcciKir  <!ructure 
is  so  modified  by  .ions  tliat  the   .  lesist- 

ance    falls    very   ...  ,  iy   after   the    ^  been 

immersed  in  wrater  for  a  few  hours  owing  to  the  absorption 
of  minute  quantities  of  water,  whereas  insulating  rubbers 
show  no  such  alteration. 

A  further  aspect  of  the  matter  is  that  111  riil>l>cr5  iic<ii:ni.-d 
purely  lor  insulating  pur(v>'ses  n  l^  i>o>mMc  '.l.  i;i'.  (h^....4j 
critical  stages  of  vulc.r  .c 

great  differences  in  tla  f, 

it  is  a  comparatively  easy  matter  to  vuicaiu/c  .1  > 

grade  rubber   dielectric — as  used    lor   c.h.t.    ..  a 

stage  at  which  its  insulation  resistance  would  give  00 
evidence,  and  mechanical  tests  very  little  indication,  of 
under-  or  over-vulcanitation  by  c-omparison  with  standards. 
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Yet  its  breakdown  point  may,  under  such  conditions,  be 
only  onc-fourtli  of  the  value  oblainuble  wlicn  vulcanization 
is  canie<l  a  little  further,  or  not  quite  so  far. 

In  normal  manufacture  these  critical  stages  are  usually 
passed,  but  the  fact  that  molecular  structure  and  electrical 
properties  obviously  bear  some  sensitive  relation  to  one 
another  opens  a  wide  field  for  investigation,  and  a  scries 
of  curves  connecting  coefficients  of  vulcanization  with 
dielectric  strength  and  physical  properties  would  be  found 
intensely  interesting,  especially  in  conjunction  with  micro- 
photographs  showing  the  structure,  if  such  photographs 
could  be  obtained. 

An  apparently  anomalous  feature  of  the  case  in  which 
maximum  strength  and  elasticity  are  aimed  at,  is  that 
any  improvement  of  the  coefficient  of  vulcanization  by 
vulcanizing  "  accelerators"  tends  to  take  the  structure  well 
clear  of  the  critical  points  referred  to,  and  so  far  may  be 
said  to  improve  the  dielectric  strength  of  the  rubber,  but 
at  the  same  time  it  entails  the  relatively  unsatisfactory 
condition  as  regards  insulation  resistance  above  described. 

From  the  foregoing  it  will  be  noted  that  if  it  had 
happened  that  our  standards  had  originally  been  based  on 
dielectric  strength  and  physical  or  mechanical  properties, 
instead  of  primarily  on  insulation  resistance,  the  co-ordina- 
tion above  referred  to  might  have  been  more  feasible. 

(2)  CoxDiTioxs  External  to  the  Cable. 

Working  vicissitudes  and  other  factors  bearing  on  the 
durability  of  rubber-insulated  cables  may  be  divided  into 
three  classes,  namel)',  those  due  to  : — 

(a)  The    natural  deterioration   common    to   all   rubber 

goods. 
(6)  External  influences  due  to  working  conditions. 
(c)  Internal    influences    chiefly   due    to    manufacturing 

conditions. 

With  regard  to  (a),  it  may  be  taken  as  an  axiom  that, 
other  conditions  being  equal,  the  rate  of  natural  deteriora- 
tion is  slowest  in  rubbers  made  from  hard  fine  Para 
rubber.  Plantation  rubber  of  the  same  botanical  origin 
(Hnea  brasiliensis)  will  undoubtedly  in  course  of  time 
reach  the  same  level  in  this  respect. 

Under  (b)  come  more  or  less  simple  chemical  influences 
such  as  arise  from  direct  contact  with  deleterious  sub- 
stances such  as  alkaUne  solutions,  acid  vapours,  oxidizing 
agents,  oils,  solvents,  etc. ;  also  indirect  chemical  attacks 
consequent  on  osmotic  and  electrolytic  actions  where 
incipient  weaknesses  in  the  dielectric  allow  such  actions  to 
arise.  Under  this  category  come  effects  due  to  leakage 
current  along  damp  fibrous  coverings.  These  happen 
largely  ne.^r  ends  which  are  badly  trimmed  when  connec- 
tions are  made.  The  access  of  moisture  to  the  strands  of 
a  vulcanized  rubber  cable  by  way  of  exposed  ends  is  a 
fruitful  source  of  trouble.  It  should  be  appreciated  that 
ordinary  variations  of  humidity  of  the  air  may  lead  to 
this,  even  in  situations  which  are  apparently  dry.  Acid 
products  are  formed  when  the  moisture  comes  into  contact 
with  the  free  sulphur  which  is  always  present  to  some 
extent  in  the  rubber  next  to  the  strand,  leading  to  corrosion 
of  the  conductor,  and  resulting  in  local  action  on  the 
rubber  by  the  copper  salts  formed.  Powerful  oxidizing 
effects  occur  on  e.h.t.  rubber  cables  where  the  produc- 
tion  of   ozone  and    oxides   of   nitrogen   on    the   external 


surface  of  the  dielectric  is  caused  by  brush  discharges. 
Preventive  measures  against  any  of  these  external  influences 
arc  obviously  best  applied  in  the  form  of  special  coverings 
made  of  materials  having  a  maximum  resistance  to  the 
particular  deteriorating  agent  in  any  given  set  of  circum- 
stances. These  coverings  call  for  no  special  mention  here, 
as  they  are  sufficiently  well  known  to  most  engineers. 

With  reference  to  (c),  the  internal  influences  due  to 
manufacture  chiefly  relate  to  the  deleterious  effect  of 
copper,  by  its  catalytic  oxygen-carrying  properties,  on 
rubber. 

It  has  always  been  the  practice  to  "tin"  copper  wires 
which  come  into  contact  with  rubber  ;  but  the  fundamental 
importance  of  the  perfection  of  the  tin  coating  appears  to 
have  only  become  generally  recognized  within  the  last 
few  years. 

The  tinning  test  devised  by  the  author  in  iSyy — in  which 
cycles  of  exposure  of  the  tin  coating  to  hydrochloric  acid 
and  sodium-sulphide  solutions  consecutively  are  employed 
to  indicate  the  comparative  value  of  the  tinning — has  only 
recently  been  adopted  by  Government  Departments  at 
home  and  abroad,  and  by  consulting  engineers  and  large 
purchasers  of  cable  in  various  parts  of  the  world,  although 
it  has  been  in  constant  use  in  certain  factories  producing 
tinned  wire  ever  since  its  introduction. 

Unfortunately  the  original  published  description  of  the 
test  =■=  gave  no  details  of  the  method  of  making  up  the 
reagents,  because  it  was  not  anticipated  that  it  would 
be  so  adopted. 

For  the  efficient  use  of  the  test  the  sodium-sulphide 
solution  should  be  prepared  by  dissolving  25  grammes 
of  pure  mono-sulphide  of  sodium  in  100  cubic  centimetres 
of  water,  adding  an  excess  of  sulphur  and  boiling  for 
about  one  hour  with  occasional  stirring.  The  solution 
should  then  be  cooled,  filtered,  and  diluted  to  the  required 
specific  gravity  of  i-i42.  As  there  is  a  slight  tendency  for 
this  solution  to  decompose  on  prolonged  standing,  deposit- 
ing sulphur,  it  should  be  freshly  prepared.  The  preparation 
of  the  hydrochloric  acid  is  simply  a  matter  of  dilution  to 
the  required  specific  gravity. 

In  view  of  the  misapprehension  indicated  by  the  word- 
ing of  some  cable  specifications  as  to  freedom  of  the  tin 
from  lead,  and  the  brightness  of  the  tinned  conductor  after 
vulcanization  of  the  rubber,  a  few  words  on  the  subject  of 
factors  that  matter  may  be  of  interest.  With  regard  to 
metallic  contamination  of  the  tin,  seeing  that  good  com- 
mercial brands  of  tin  do  not  contain  more  than  0-5  per 
cent  of  other  metals  (lead,  bismuth,  iron,  antimony,  arsenic, 
etc.),  the  tin  originally  used  may  be  disregarded.  Inci- 
dentally it  may  be  mentioned  that  even  2  per  cent  of 
lead  would  not  entail  any  technical  disadvantage  from 
the  durability  point  of  view.f 

The  influence  of  copper,  which  is  the  only  metal  that 
matters,  may  enter  into  manufacturing  considerations  in 
two  ways,  first  by  alloying  with  the  tin  in  the  tin  bath 
and  accumulating  there  to  some  extent,  or  secondly  by 
imperfect  application  of  the  tin  coating.  A  simple  work- 
shop method  devised  by  the  author  to  cope  with  the  first 
possibility   is  based   on    the   fact   that   the   alloy  may  be 

*  Elatricioii,  vol.  54,  p.  843,  1905. 

f  The  stipulation  as  to  freedom  from  lead  probably  arose  in  the 
early  days  from  the  fact  that  lead  is  the  chief  impurity  of  tin,  and  from 
some  appreciation  of  the  desirability  of  keeping  the  tin  as  pure  as. 
possible. 
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Irutii   the   tialh  oi  molten  liii.     The  M-comi  fH.Mibilily  — 

faulty  af  '      ■■  ■'  "<  •*>f  '"•  coalinj!— <J'>  ""'y  •»«  dealt 

Willi  In  .  ■>(  attention  to  >ucli  |Hiiuta  in  llio  linning 
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iiiuat  u>.«.uiii)>aiiy   any   dcluuU    uu:. 


pi. 
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\  .:J  to  the  hri>;litncN!.  of  the  :  'or  the 

vu.  .  |Hi.H.cs»,  It  should  Ik  icineii.l  il  sonic 

dai  :  the  tin  coatnig  (due  to  the  ^uperlicuil  (ornu- 

liuii  fi  '      of  tin)  nuikt   result,  and   tlul  il  will   he 

rather  i:  .d  in  llic  case  ol  hi^;h  (jiadcs  o(  tuhber, 
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silvery  hiighlncss.  For  tlus  altitude  there  are  good 
grounds. 

In  stranded  conductors  of  high-grade  rubber  cables 
it      "        '  '    that   the   vulcaiii/ing   conditions  lesult 

in  of   two   sulphides  of   tin,  the   stannic 

sui  I  the  wirer>  in   contact    with   the-  lubber, 

gi\ .  .  iiiit  but  not  iiitcilcriiig  with  the  itHUlhc 

lustre  oi  the  tin,  and  stannous  >ulpliule,  Sn.S,,  on  the 
interior  wires  of  the  strand,  giving  a  greyish  coloration. 
The  blackening  due  to  sulphide  of  copper  formed  on 
exposed  copper  is  readily  distinguishable  from  discolora- 
tion due  to  tin  sulphides.  Neither  the  tin  sulphides  nor 
the  copper  sulphide  are  in  themselves  at  all  harmful 
to  rubber.  The  blackening  due  to  copper  sulphide  must, 
however,  always  be  considered  a  detrimental  feature  if 
in  contact  with  the  rubber,  as  tlic  lilm  of  copper  sulphide 
is  not  sufiicient  to  protect  the  rubber  from  the  catalytic 
action  of  the  copper,  and  may  therefore  be  considered 
as  an  intimate  admixture  of  copper  oxide  and  copper 
sulphide. 

MicroMTopic  examination  and  analysis  of  tin  coatings 
from  cable  i  '  ^  may  occasionally  reveal  instances 
of  copper  -i  .;>erimpo>cd  on  a  sound  tin  coating, 

but  thi'  .y  due  to  the  presence  of  copper  alloy  in 

the  tin  .   the  appUcation   of  the  coating  at  such 

a  temperature  that  the  crystals  may  be  picked  up  by 
the  tin.  The  author  has  never  seen  any  evidence  of 
disappearance  of  tin  by  solid  dilTusion,  although  a  very 
careful  and  prolonged  research  might  conceivably  show 
some  such  effect. 

Arou  :  the  fact  that  the  -  f 

tin  and  to  rubber,  and  tli.n  .kI 

w:!  i   ot  course,  oxidized)  copper  is  the  origin 

of  ■  .11  in  question,  can  be  made  very  simply 

by  placing  small  quantities  of  copper  oxide  and  the  sul- 
phides of  tin  and  copper  side  by  side  on  a  sheet  of  pure 
rubber  and  warming  for  a  few  hours.  The  rubber  under 
and  around  the  copper  oxide  will  be  rendered  soft  and 
tacky,  but  will  be  unaffected  where  in  contact  with  tlie 
>u^;  lin  and  copper.*     Generallv 

al'-  aed  deterioration  effects  au 

beat. 

it  wUl  be  gathered  that  us  practically  all  the  cilects 
noted  under  (a),  (6),  and  (c)  are  superficial,  heavy  walls  of 

•  It  in.iy  t<-  noted  iiKidralally  Itiat  there  is  no  dclctcriout  action 
t>etwccti  alummiun,  uxl  rubber. 
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VUUAKIZKU  BITL'yKK  CAULKS. 

Ti      F'lUM.  ti     AM,  ClItMltAL   l'KUI'iilrTlt»  Of  C^iMI^NfM 

I'aktv  or  THE  Caulk. 

1  ! 

bitli: 

probatily  ha*   in   mind  is  a 

without  any  very  s|teci(ic  api  ■   ..:i  .,  I 

that  resemblance.     Il  is  vet\  from  U  : 

and  User's  (HMnls  of  view  that  suvli  general  ideas  :liuuia  t>e 

ventilated. 

I  1 

that  ; 

less  in  vulcanized   t>ituinen   than   in  rul>t>er.      1 
that  such  projMiiji-s  ,^  icsilicnce,  elasticity,  ami  .-  -  ; — c 
to  tension,  coi:  and  other  nicclLanical  strains  Itave 

considerably  li>>\(.i  \.imes  in  vulcanized  bitumen  than  in 
rubber.  The  differences  may  fairly  accurately  be  con- 
sidei  ■  'Terences  of   degree.     Fi'' 

is    :.  .    and    its    teiii|^erature 

''nerve  sliucture  is  broken  down  and  a  iuscs  liic  al>u\e- 
mentioned  properties  to  some  extent.  In  this  stale  .^^ 
physical  properties  may  be  regarded  as  being  "  ~' 
down,"  as  it  were,  to  something  roughly  compa;-.  .^ 
with  those  of  vulcanized  bitumen  at  normal  or  medium 
temperatures. 

[a)  I'arialion  in  phviical  (•rohfrlm  orer  a  ramf<  of  Ifrnt^rj- 
tiirt.—To  turn  fro' 
a  more  detailed  C' 

of  vulcanized  bitumen,  tiie  \-anation  in  consistency  with 
a  change  of  temperature  has  probably  the  most  direct 
bearing  on  the  subject  from  the  cable  user's  point  of  view. 

At  very  low  temperatures  (around  or  below  the  freezing- 
point  of  water)  it  tends  to  yield  to  sudden  shock  in  a 
brittle  fashion,  breaking  with  a  conchoidal  fracture.  .\l 
medium  temper  iliires  up  to.  viv  i.«r  F.,  it  is  a  to-ishlv 
pla>'  ^  consider  encc  and 

to  111  .  >s.     At   te     _  >  in   the    : 

hood  ol   loo"  F\  to  130"  F.  it  begins  to  lose  its 
and  at  still  higher  temperatures  its  cohesion  di^., , — ..  .^ 
\    a  considerable  extent,  although  its  resilience  appears  to  be 
increased. 

As  a  result  of  this  its  manner  of  yielding  to  mechanical 
forces    at    very   high   t- 
semblance   to   that   of    . 

parallel   in   the   behaviour   ol    rubber,     it    does    nut    vicid 
by  softening  or   by  any  process   resembhug  the  melting 
,   ol  bituminous,  waxy,  or  resinous  substances. 

It  will  of  course  be  uixlerstood  tlut  in  any  material  of 
this  character  the  rate  at  which  a  given  kind  of  stress  is 

Jt.     It  w 
•  I  of  thiv 


relation   to  a  given  tem^^erature   range,     i  .> 

compound  which  is  moderately  soft  at  mi-^^  ,      • 

tures  will  give  comparative  freedom  from  bntlleness  at 
low  temperatures  under  nonually  applied  bending  stresses, 
but  will  show  marked  bnttlencss  uu.lcr  the  same  tempera- 
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turc  conditions  when  the  bending  stress  is  suddenly  applied, 
i.e".  approximating  to  the  sudden  shock  above  mentioned. 
This  characteristic  is  referred  to  later,  in  connection 
with  Fig.  20.  At  slightly  elevated  temperatures,  initial 
softness  is  not  an  advantage,  toughness  being  the  most 
desirable  property.      On  the  other  hand,   hardness  qua 


extrusion  in  the  same  way  as  the  material  is  applied  to 
cable  conductors. 

Fig.  16  shows  liow  llie  most  suitable  diiuneter  of  rod  is 
arrived  at.  It  will  be  seen  that  under  the  shock  or  drop 
test,  (a),  the  diameter  of  the  test  piece  has  a  marked  effect 
on  the  temperature  at  which  failure  occurs,  but  that — 


1,000 


Relation  between  Diameter  of  Test-piece  and  Temperature  of  Fracture. 


hardness  has  the  general  effect  of  raising  the  temperature 
range  to  a  higher  position  in  the  thermometric  scale, 
rendering  it  rather  unsuitable  for  low  temperatures.  A 
material,  intermediate  as  regards  softness  or  hardness, 
possessing  ma.\imum  toughness  at  medium  temperatures, 
wide  limits  of  temperature  range,  and  approximately  equal 
resistance  to  all  kinds  of  stress  at  a  low  temperature,  is 
obviously  the  most  desirable. 

(b)  Methods  of  testing,  as  illustrating  physical  properties. 
— As  an  illustration  of  the  foregoing  remarks,  a  short 
description  of  routine  physical  tests  devised  by  the  author 
for  the  purpose  of  controlling  the  uniform  maintenance 
of  such  a  standard  under  manufacturing  conditions,  may 
be  of  interest. 

These  tests  are  as  follows  : — 

{a)  A  shock  test  by  which  a  standard  blow  is  applied  to 

the  sample. 
(6)  A  bending  test  applied  at  a  standard  rate  of  speed 

and  at  a  standard  radius. 

(c)  A  penetration  test  constituting  a  control  not  only  on 

the  material  but  on  tests  (a)  and  (6)  by  ensuring 
that  good  results  obtained  from  either  of  them  are 
not  due  to  slight  softness. 

With  regard  to  the  conditions  of  teist,  the  lower  end  of 
the  temperature  range  has  been  chosen  for  tests  {a)  and 
(6),  taking  advantage  of  two  fundamental  facts.  First,  for 
a  given  consistency  of  the  material  the  range  of  physical 
properties  is  very  constant  for  a  given  range  of  tempera- 
ture, so  that  if  the  lower  limit  of  the  temperature  range  is 
fixed,  the  remainder  follows.  Secondly,  that  a  given  form 
of  test  sample  withstands  a  dcSnite  mechanical  stress  at  a 
certain  critical  low  temperature,  but  fails  under  the  same 
stress  at  a  slightly  lower  temperature,  even  within 
05  degree  F. 

The  form  of  sample  chosen  as  the  result  of  a  preliminary 
investigation    is    rod    of    circular    section    produced    by 


within  limits — the  temperature  is  approximately  constant 
under  the  bending  test.  Naturally,  the  standard  diameter 
of  test  piece  adopted  is  that  corresponding  approximately 
to  the  intersection  of  the  curves. 

The  extruded  sample  is  divided  into  a  number  of  short 
lengths.  Samples  for  tests  [a)  and  (h)  are  placed  in  a 
series  of  trays  containing  various  proportions  of  glycerine 


h 


h 


I 


?^ 


Fig.  17. 

and  water  so  as  to  control  their  final  temperature  after 
they  have  been  cooled  in  a  refrigerator,  the  results  of  the 
tests  being  recorded  in  terms  of  the  temperature  at  which 
the  samples  survive. 

Fig.    17    illustrates     the    simple    apparatus    used    for 
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Fig.  i8. 

Fig.  i8  shows  the  bending  -  test  apparatus.  The 
sample.  A,  is  placed  on  roller  supports,  B.  The  heavy 
flywheel,  C,  is  rotated,  causing  the  cross  bar  on  which 
is  mounted  a  tongue  piece,  D,  shaped  to  a  suitable 
forcing  the  sample.  A,  into  U-forin. 
^ise  occupies  three  seconds,  and  break- 
age occurs  in  the  early  part  ol  the  traverse,  if  at  all. 

Fig.  19  shows  the  apparatus  specially  designed 
for  the  penetration  test  (c).  The  sample,  B,  after 
being  maintained  at  iff  F.  for  half  an  hour  is  cut  in  a 
microtome  and  mounted  in  a  rcce>s  in  the  table,  H,  and 
raised  by  rotating  the  table  on  a  screw  centre  until  the  six 
needles  in  the  huhler.  A,  touch  the  surface  of  the  sample. 

By  di-i  (J,  the  needles,  forced  <1.  w: 

wards  by  •.  .1,  C,  are  allowed  to  penni.i'.r 

the  sample  ;  and  by  ihe  same  movement  the  clocltwork 
drum  carrying  the  paper  chart,  F,  is  started,  and  the  \<\\. 
E,  traces  a  curve  thereon  which  records  the  depth  of 
penetration  of  the  needles  throughout  a  standard  periotl 
of  5  minutes. 

The  curves  produced  in  this  way  are  compared  with  a 
standard  cur\'e. 

Fig.  K)  shows  the  standard  curve  (Curve  1)  ;i  ! 
the  author,  .md  serves  also  to  illustrate  the  point  ; 
mentioned  as  to  the  possibility  of  softness  being  accom- 
panied by  brittleness  (see  Curve  i\. 

Vol.  53. 


KiG.  19. 

The  average  figure  which  the  autlior  prcf 
under  te>ls  (cit  and  ^,^l  [with  due  regard  to  the 
attainment  of  a  satisfactory  curve  from  test  ^.  ■_  i>  abuut 
id'  F.  ;  the  variation  aliove  and  below  this  tigurc  need  not 
exceed  4-'  F.  in  ordinary  manufacturing  practice,  and  even 
these  variations  become  averaged  over  Urge  quantities  of 
the  material. 


c  - 


KiG.   JO. 

To  pass  from   the  pln-sical  properties  of  the  material 
Itself   to   the  effect  of  the   limitations   thereof    on    cable 
manufacture,  it  goes  without  s.iYing  that  a  ^icat  deal  of 
'    ^v     ■     ■        liad   to   l)e   done   since    ■ '  ^   of    ils 
n                   :i,  lirst  on  the  raw   in.r                           ^   m  the 
:it   of   maiiipulatior. 
I'ln,  and  thirdly  in  >. 
01  component  parts  of  cables  \                            as  to  supple- 
ment the  phvsiciil  limitations  .1'. ...il. 
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The  two  first-mentioned  points  arc  ratlier  beyond  the 
scope  of  this  paper  ;  the  third  is  shown  by  the  commercial 
success  of  well-known  types  of  vulcanizcd-bitunicn  cable 
largely  used  under  very  arduous  conditions,  such  as 
those  which  obtain  in  mining  work.  Twin  and  3-core 
vuleanized-bitumen  cables  arc  more  largely  used  under 
such  arduous  conditions  than  other  types,  and  the  fact 
that  such  cables  are  made  without  internal  reinforcement 
by  any  other  material,  gives  a  good  idea  of  the  result  of 
close  attention  to  suitable  assembly* 

(2)  Conditions  External  to  the  Cable. 

[a)  Chemical  stabiUly  of  vulcanized  bitumen. — With  regard 
to  chemical  properties,  the  sfcibility  of  vulcanized  bitumen 
is  remarkable.  Unlike  rubber,  it  is  not  appreciably  subject 
to  natural  deterioration  under  normal  conditions  of  atmo- 
sphere and  temperature,  and  it  may  therefore  be  regarded 
as  comparable  with  paper  insulation  in  that  causes  of 
deterioration  arc  practically  always  extraneous  causes.  So 
far  as  direct  chemical  attacks  which  may  be  encountered 
in  practice  are  concerned,  the  material  is  exceptionally 
inert  to  the  action  of  substances  of  an  acid  character.  In 
fact,  the  author  has  for  many  years  utilized  vulcanized 
bitumen  for  the  protection  of  other  materials  used  in  cable 
manufacture,  such  as  lead,  copper,  rubber  and  steel  from 
acid  and  oxidizing  influences. 

As  might  be  expected  from  the  fact  that  vulcanized  fatty 
pitches,  i.e.  saponifiable  substances,  largely  enter  into  the 
composition  of  vulcanized  bitumen,  it  is  much  more 
susceptible  to  the  action  of  alkaline  substances.  The 
direct  action  of  such  substances  is  usually,  however, 
only  superficial  fto  a  greater  or  less  extent,  depending  on 
the  degree  of  free  alkalinity),  and  it  is  a  fact  that  even 
such  severe  conditions  as  continual  exposure  to  coal-pit 
waters — which  are  usually  of  an  alkaline  character — have 
had  no  appreciable  effect  on  vulcanized  bitumen.  Even 
if  such  waters  contain  free  alkali  equivalent  to  25-30  grains 
per  gallon  (estimated  as  sodium  carbonate),  which  is  con- 
siderably above  the  average  for  waters  encountered  in  coal- 
mines in  this  country,  and  the  vulcanized  bitumen  is  freely 
exposed  to  their  attack  for  2  or  3  years,  the  depth  of 
penetration  of  the  action  is  inappreciable.  Waters  of  a 
brackish  character  which  sometimes  occur  in  coal-mines 
near  the  sea  and  elsewhere,  and  which  may  contain  1,000- 
1,300  grains  per  gallon  of  the  chlorides  of  sodium  and 
magnesium,  have  no  action  on  vulcanized  bitumen. 

Although  not  coming  strictly  under  the  category  of 
chemical  deterioration,  it  may  be  permissible  for  the 
author  to  digress  for  a  moment  to  correct  the  fallacious 
impression  which  exists  in  some  quarters,  and  which  has 
recently  been  perpetuated  in  a  Board  of  Trade  Report.f 
that  vulcanized  bitumen  is  softened  by  contact  with  coal 
gas. 

The  statement  is  correct  for  natural  bitumens,  pitches, 
etc.,  but  is  decidedly  incorrect  for  vulcanized  bitumen. 
-  (b)  Secondary  chemical  attack  on  negative  cables ;  softening 
by  saponification. — Leaving  the  causes  of  deterioration  due  to 
direct  attack,  and  turning  to  secondary  causes,  it  is  obvious, 
and  moreover  well  known,  that  the  susceptibility  of  alkaline 

•  The  mechanical  efficiency  of  such  construction  was  demonstrated 
in  an  article  contributed  by  the  author  to  the  Eleclrkion,  vol.  71,  p.  617, 
1913. 

t  Report  of  Board  of  Trade  Committee  on  Electric  Mains  E.\plosions, 
p.  4.  1914- 


att.ack  must  have  a  great  influence  under  continuous-current 
fault  conditions  which  can  produce  electrolytic  action, 
because  in  most  soil  conditions  it  is  possible  not  only 
to  form  alkaline  substances  at  parts  which  constitute  the 
virtual  negative  electrode  of  the  leakage  circuit,  but  to 
force  such  substances  by  osmotic  pressure  through  the 
dielectric  to  the  negative  conductor.  Under  these  cir- 
cumstances both  the  direct  action  on  the  vulcanized 
bitumen  of  concentrated  alkaline  substances  and  the 
aggravated  conditions  due  to  the  passage  of  current 
(producing  continuous  supplies  of  deleterious  matter  and 
forcing  them  to  tlie  best  position  for  attack)  come  into 
play. 

This  form  of  secondary  deterioration  has  been  dealt  with 
by  Messrs.  Dick  and  Fernie  in  their  book  on  "  Electric 
Mains  and  Distributing  Systems."  These  authors  devote 
considerable  argument  to  proving,  on  tlie  evidence  which 
they  describe,  that  thinning,  softening,  and  destruction 
generally  of  the  vulcanized-bitumen  wall  is  due  to  the 
direct  action  of  alkaline  substances  resultant  on  leakage 
current,  possibly  assisted  by  osmotic  effects.  They  do  not 
presuppose  faults  in  the  insulation  to  account  for  the 
leakage  current,  but  on  the  assumption  that  "  nearly  all 
insulators  conduct  electrolytically  at  high  temperatures " 
suggest  (page  172)  that  current  may  pass  through  the 
insulation  by  electrolytic  conduction  when  the  cable 
is  hot  and  has  its  insulation  resistance  consequently 
lowered.  Even  if  this  assumption  be  accepted,  it  is 
obviously  a  matter  of  degree,  and  the  following  brief 
summary  of  experiments  having  a  bearing  on  this  point, 
though  originally  designed  for  another  purpose,  may  he 
of  interest  at  this  juncture. 

(c)  Source  of  current  producing  saponification  effects  on  nega- 
tive cables. — The  experiments  were  made  on  thin  sheets 
of  vulcanized  bitumen  placed  between  electrodes  and  sub- 
jected to  a  potential  difference  of  250  volts  (continuous 
current)  under  various  conditions.  Frequent  readings  of 
the  current  were  taken  on  an  instrument  reading  to  0'2 
micro-ampere. 

(i)  Calendered  sheet  of  vulcanized  bitumen,  thickness 
18  mils,  between  two  flat  circular  tinned  brass 
electrodes  3  in.  in  diameter.'  Heated  to  180°  F.  in 
an  electrically  heated  oven  for  3  weeks.  No 
measurable  current  passed. 

(2)  Repetition   of   (i),    but   the   sample    was  previously 

immersed  in  water  under  pressure.  No  measurable 
current  passed. 

(3)  Repetition  of  (i)  and  (2).     In  case  abnormal  solidity 

had  resulted  from  calendering  the  vulcanized 
bitumen  to  a  small  thickness,  the  samples  in  this 
case  were  cut  from  vulcanized  bitumen  extruded 
from  a  forcing  machine  in  the  ordinary  way,  by 
means  of  a  coarse  microtome.  The  thickness  was 
22  mils.  Lead  weights  were  used  to  improve  the 
contact  of  the  electrodes,  as  the  surface  was  not  so 
good  as  in  the  calendered  samples.  No  measur- 
able current  passed  during  a  fortnight's  heating. 

(4)  Repetition  of  (3).     In  this  case,  in  order  to  get  over 

the  contact  difficulty,  the  samples  were  clamped 
between  two  glass  cells  with  mercury  forming  the 
electrodes.  No  measurable  current  passed  in  the 
case  of  the  dry  sample  in  one  month.     In  the  case 
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ol  the  wet  wunpto,  the  new  form  of  application  of 
Ibe  clcvlrotto  rcMillnl  iii  »  rc-jtliii^  ul   io  micro- 
aini^ro,  due  to  ^ullacc  Iraka^c.      Thiii  diiiiiiiulinl 
to    <cro    III     J4    houi^,    Mui    iiu    cut i  cut    |UMcd 
thef  rafter. 
(5)  A*    the   motNiurc   furcml   into   tlie    >aiiiplr:i    wouM 
naturally  tend  to  be  di^pcrMxl  in  course  of  titur 
under  the  condiiioiis  of   teiiiperatuic  inainiaiiicd 
during  the  fore^oiii^  cx|>eriiiieiits,  on  attempt  wa> 
made  lir-a  to  ab^oili  j  larger  amount  of    . 
subjcctiiif;   the  sample  to  ^  vaciiiiiii  of 
then   admitting;  water  tu     '  pre»uic,   aitU, 

secondly,    to    allow    (lie     .  1    water    to    be 

retained  by  conductui)*  the  experiiuciil  at  the 
temperature  of  the  room.  Otherwise  conditiouk 
were  as  in  (4I.  "No  measurable  current  passed 
durinf;  a  month's  run. 
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to  pass  throufjh  it  to  lomi  electrolytic  products  in  its 
victmty.  iu  other  words,  the  dielectric  does  not,  under 
the  influence  of  temperature  solely,  permit  the  sequence 
of  event*  docribcd  by  the  authors  above  quoted  unless 
incipient  fault  conditions  are  fir>t  set  up. 

To  return  to  Messrs.  Dick  and  Fernic's  statement*  on 
the  subject  jjcncrolly,  they  record  various  observed  facts 
and  experimental  results  in  connection  with  the  ordinarily 
accepted  sequence  of  leakage,  osinoMS,  formation  of 
alkaline  substances,  softening  effects  on  negative  cables, 
and  immunity  of  positive  cables,  and  so  on.  These  state- 
ments are  generally  ti-ue,  but  they  only  form  part  of  the 
whole  truth. 

(,/i  PhY<i(-nU\'  similar  but  chemically  different  effects  on 
■ent  and  positive  and  neutral  lOntinucnis- 
i  —We  have  only   to   accept   the   facts   that 

physically  *imilar  effects  have  been  known  to  occur  on 
alternating-current  cables,  both  3-core  and  single  ;  tliat 
positive  and  neutral  cables  on  3-wire  continuous<urrent 
systems  have  exhibited  the  softening  symptoms  indis- 
criminately :  that  cables  above  ground  have  been  similarly 
affected  ;  and  that  the  effects  have  been  sharply  localised, 
witli  a  well-detined  line  of  demarcation  lietween  softened 
and  normal  parts  having  the  same  facilities  for  conduction 
through  the  dielectric,  to  realize  that  there  is  yet  much  to 
learn  about  the  subject 

As  a  matter  of  fact,  the  author  arrived  at  the  conclusion 
several  years  ago  that  there  existed  a  distinct  tyfte  of 
deterioration  different  from  the  sapionihcation  effect 
described  by  Messrs.  Dick  and  FcTnie  as  softening.  The 
search  for  evidence  on  the  point  was  a  slow  matter, 
because  it  was  necessary  that  it  should  be  of  a  practical 
nature  and  furnished  as  a  product  of  working  conditions. 
That  IS  to  say  it  had  to  consi>t  of  samples  of  faults  in  which 
the  saponiBcation  effects  were  absent,  and  yet  showing 
similar  physical  characteristics.  The  evidence  had  to  be 
born,  not  made,  to  be  reliable  and  of  value.  It  came  first 
in  a  very  curious  form. 

A  fault  had  occurred  on  a  length  of  37/13's  high-tension 
3-core  solid  bitumen  armoured  cable  working  at  J.ooo 
volts   3  phase  installed   in   a    pit   shaft.     The    shaft    \k-as 


full  of  acaiil  aitd  Um  taapanliWI  Wfted  between  7^  a  .a 

No  buiii-uut 
to   earth    ul    «!■  . 

le^l^(allcc  itt  the  laull  was  (00  Oy 
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conditions  by  IrkCtaK  the  fall  of  |Xi(enluU  lu  the  armour,  • 
healed  area  a  few  feci  in  length  wak  discovered.  At  tbtt 
pal  t  a  length  of  about  xi  yards  was  cut  out  loi  luvcsIiKatKia. 
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faulty  core  and  the  armour.  Dissection  of  the  interior 
part  of  the  cable  revealed  an  extraordinary  condition  ol 
affairs,  in  that  each  of  the  conductors  was  found  to  hav-e 
been  displaced  in  an  outK-ard  direction,  one  of  them  to  a 
greater  extent  than  the  other  two. 

This  is  illustrated  in  Fig.  21.  in  uluch  the  sections  A,  B, 
C,  D,  and  E  represent  the  conditions  at  the  intervals 
indicated.  No.  3  being  the  faulty  core,  and  D  the  port  at 
which  the  fault  had  originated. 
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At  D  the  thickness  of  viilcani/cd  bitumen  between  the 
conductors  and  tapes  (orighially  220  mils)  was  reduced  to 
about  100  mils  on  conductor  i,  50  mils  on  conductor  2, 
and  15  mils  on  conductor  3.  At  and  below  E  the  tendency 
for  the  cores  to  return  to  their  normal  positions  was  quite 
marked.  On  the  upper  side  of  D  at  points  B  and  A,  the 
normal  positions  and  original  thicknesses  of  the  insulation 
between  the  cores  and  between  the  cores  and  the  tapes  had 
been  approximately  reverted  to. 

The  normal  tendency  of  the  conductors  in  a  3-core 
cable  is  of  course  to  crush  together,  and  some  extra- 
ordinary conditions  must  have  arisen  in  the  shaft  to 
bring  about  tins  peculiar  distortion.  This  conclusion  was 
confirmed  shortly  after  by  the  total  collapse  of  the  shaft, 
which  was  a  very  old  one. 

In  Fig.  21,  the  cross  hatching  in  the  sections  A,  B,  C,  D, 
and  E,  is  intended  to  represent  softened  parts  of  the  cable, 
the  extra  heavy  hatching  indicating  a  degree  of  softening 
which  allowed  the  compound  to  flow  gradually  when  the 
outer  coverings  were  stripped,  the  lighter  hatching  repre- 
senting soft  to  slightly  soft  compound,  and  the  unshaded 
parts  the  unaffected  vulcanized  bitumen.  It  will  be  seen 
that  the  softening  followed  the  faulty  (No.  3)  conductor 
closely,  and  also  that  it  tailed  off  as  the  normal  position  of 
the  conductors  was  reverted  to.  The  coincidence  of  the 
softening  with  the  faulty  core  is  important. 

The  factors  which  evidently  produced  the  deterioration 
in  this  case  were  heat,  current,  and  possibly  moisture,  in 
conjunction  of  course  with  an  unknown  time  element. 
Prolonged  heating  by  ordinary  means  would  not  by  itself 
permanently  soften  the  vulcanized  bitumen  to  the  con- 
sistenc}'  found  in  the  softer  parts.  Although  the  heat 
had  been  produced  bj'  the  current  in  this  case,  it  was 
fairly  evident  from  the  coincidence  above  referred  to 
that  the  current  had  some  effect  other  than  1=  R  heating.  ■= 

Chemical  examination  showed  that  there  was  an  absence 
of  the  usual  formation  of  free  alkali  in  the  fibrous  wrap- 
pings of  the  cable,  and  the  softened  bitumen  showed  no 
trace  of  saponification.  This  was  not  surprising,  because 
from  the  method  of  installation  the  moisture  contained 
in  the  tapes  and  jute  bedding  was  not  likely  to  contain  such 
substances  in  solution  as  would  usually  be  found  in  the. 
vicinity  of  a  cable  laid  in  the  ground  or  drawn  into  ducts. 
These  instances,  therefore,  afford  a  confirmation  that 
softening  effects  on  bitumen  cables  could  be  produced 
which  were  apparently  physically  similar  but  chemically 
different,  and  brought  about  by  means  different  from  the 
commonly  known  saponification  effects.  It  may  be  added 
that  analysis  did  not  reveal  that  anything  of  the  character 
of  de-vulcanization  had  occurred. 

Great  difficulties  in  the  wa}'  of  regulating  the  conditions 
were  found  in  attempting  to  reproduce  experimentally  the 
softening  effects  found  in  the  sample  length  ;  in  fact  at  that 
date  every  effort  to  do  so  failed.  The  deductions,  pre- 
viously mentioned,  drawn  from  the  evidence  as  to  the 
causes  contributing  to  the  production  of  this  type  of 
softening,  therefore  lacked  proof  at  this  date. 
(e)  hivesligations  in  the  tropics — Considerable  addition  to 

'  Since  the  date  of  this  investigation  (191 1)  two  instances  of  similar 
softening  effects  at  or  near  faults  have  come  to  the  author's  notice  on 
unarmoured  single-core  cables  fi.\ed  in  grooved  wooden  casing,  and 
used  on  high-tension  3-phase  circuits.  In  these  cases  I=R  heating 
could  not  have  been  an  appreciable  factor  on  account  of  the  high 
resistance  of  the  faults. 


the  knowledge  of  facts  was  made  as  the  result  of  some 
investigations  which  the  author  had  the  opportunity  of 
making  some  time  later  during  a  trip  to  the  East,  and  a 
resume  of  some  of  the  evidence  obtained  may  be  of 
interest  at  this  stage. 

The  cases  described  are  typical  of  a  large  number  of 
each  kind,  and  all  facts  in  connection  with  the  investiga- 
tions were  recorded  in  detail,  in  conjunction  with  others 
interested  in  the  investigations,  before  attempting  to  arrive 
at  conclusions  as  to  causes. 

The  finst  interesting  feature  was  that  the  softening  was 
in  no  case  found  to  affect  a  whole  length  of  cable.  In 
some  cases  only  a  matter  of  inches  in  length  of  deteriorated 
bitumen  separated  parts  which  were  normal  ;  in  other 
cases  yard  after  yard  was  found  to  be  affected,  often  more 
on  one  side  of  a  cable  than  on  the  othef. 

This  clearly  showed  that  v.ariations  in  material  could 
have  no  relation  to  the  trouble,  because  from  the  nature  of 
the  manufacturing  processes  the  insulating  material  must 
always  be  averaged  over  at  least  some  hundredweights, 
whereas  the  deterioration  frequently  affected  only  ounces 
of  it. 

Another  interesting  feature  was  that  the  local  softening 
occurred  indiscriminately  on  positive,  negative,  and  neutral 
cables.  Again,  there  was  nothing  common  to  the  deteriora- 
tion in  the  degree  of  exposure  of  the  cables  due  to  methods 
of  laying  or  installing.  The  cases  examined  comprised 
direct-laid  armoured  cables  and  unarmoured  cables  laid 
solid  in  iron  troughing,  as  well  as  cables  in  feeder  pillars 
which  were  more  or  less  out  of  continuous  contact  with 
the  ground  or  with  earthed  structures. 

In  some  cases  badly  deteriorated  cables  were  found 
adjacent  to  normal  ones  in  the  same  trough  or  feeder 
pillar,  apparently  subjected  to  the  same  conditions  and 
influences,  showing  tliat  climatic  influences  per  sc  could 
not  be  responsible  for  the  trouble. 

Cables  in  stores  furnished  no  evidence  whatever  of 
deterioration,  showing  that  tropical  temperature  alone  did 
not  affect  the  insulation. 

Many  other  points  were  investigated  in  minute  detail, 
and  the  general  mass  of  positive  and  negative  evidence 
was  broadly  tested  to  find  some  common  ground  for 
the  observed  facts.  Soils,  waters,  temperatures,  insects, 
equipotential  points  and  zones  on  networks,  geographical 
relationships  to  generating  or  distributing  centres,  and 
other  conceivable  factors  were  examined  with  the  object 
of  deducing  some  positive  or  negative  conclusions.  For 
some  time  no  conclusion  could  fairly  be  drawn  from  the 
evidence  afforded  by  dissection  of  the  cables  and  observa- 
tions in  regard  to  their  surroundings,  when  tested  against 
the  various  potential  factors  which  might  have  some 
physical  or  chemical  influence  on  the  insulating  material. 

Then  came  an  opportunity  of  examining  several  long 
services  of  paper-insulated  vulcanized-bitumen  sheathed 
wire-armoured  cable  on  which  faults  had  occurred,  and 
which  were  being  replaced.  The  average  service  in  the 
East  is  much  longer  than  at  home,  and  it  occurred  to 
the  author  that  a  complete  service  would  form  for  inves- 
tigation purposes  a  sort  of  miniature  parallel  to  the 
distributor  and  feeder  systems,  and  would  be  more  likely 
to  produce  concise  evidence  than  isolated  samples  taken 
at  various  parts  of  a  network,  since  they  could  be  ex- 
amined   from    end     to     end.     In    every    faulty    service 


UKAVKK  .   OAm.KS. 


77 


II    i'  t    in'    III'  •■  (     « 'I 


1 
t 

\\ 

I 

and  an  jl> 


iiiii  ilic  ^Kltciiiii);  oi  the  bit 
',  ...lalty  ^uuin)'  a  klurp  Im'--  ' 
'tutc  return  to  the  nitrnul  ' 


lu  lhi>  I 


ibuliun  with  the  smill 
iu<  i^iiiis;  and  thi»  was  very 
ncc   of    a    rrUiivcIv    enormous 


In  the  wor»t  civet  ol   ' 
.......■;   cxpoMrd,   and    in   the    I 

iudentalion.     In  the  Lallcr  inst.. 
.'.  but  where  tl 
:   It  was  inv;u 


h 
4 

•o 

a 

■  t» 
III 
■jr 
:e 
-»• 

:it 

■  it 

I    bitU' 

■•     "-At 


1 


l:ciu:  I.    ~  I    the  vulcanized    bitumen   therewith, 

a    ■  ■  ,  .-.^^  If, ,111  of  corroiion  and  ^teninj; 

a:  current  could   nut  flow,  a 

c  II    ilie  leakage  current  and   the 

^  I  bitumen  w.is  indicated.     Con- 

>.  ■  il  to  this  indication  by  the 

a  >,   of    both   features   in   the 

I.  II  l«jth  sound  and  faulty  cables. 

i:  iicd  a  distinct   relation   between 

the  leakage  current  and  the  softening  effect,  it  remained 
to  te>t  the  knowledge  thus  gained  in  other  cases  which 
were  not  so  concise  and  well  defined. 
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variations  which  can  enter  into  cflects  tliat  have  been 
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In  surveying  the  grouping  shown  above,  it  will  he  appre- 
ciated that  where  damage  occurs  at  the  bushes  and  at  the 
lug-end  seals  on  adjacent  cables  of  dilicrent  polarity,  sub- 
sidiary leakage  circuits  shunted  off  the  main  leakage  circuits 
between  damaged  positions  at  the  bush  may  be  set  up 
along  the  cable  coverings  if  the  latter  are  of  sufTiciently 
low  resistance  to  allow  appreciable  current  to  pass  between 
the  damage  at  tlie  bush  on  one  cable  and  the  damage  at 
the  lug  seal  or  elsewhere  on  a  nciglibouring  cable.  This 
would  be  the  case  under  wet-season  tropical  conditions, 
and  it  will  be  seen  that  types  i  and  4  are  favourable  to  this 
leak.age  circuit  formation  and  that  types  2  and  3  arc  not, 
and  that  the  degree  and  distribution  of  softening  are  in 
accordance  with  these  facilities.  That  such  shunt  leakage 
circuits  had  actually  existed  was  proved  by  the  distribu- 
tion of  certain  staining  effects  on  the  tape  coverings  of  the 
cables,  produced  by  an  osmotic  process  due  to  the  passage 
of  current  along  them  under  conditions  of  considerable 
humiditj'.  Proof  of  this  is  too  lengthy  to  be  described 
here,  but  it  may  be  stated  briefly  that  the  facilities  for 
the  passage  of  current  and  also  the  evidence  of  it  having 
passed  generally  coincided  with  the  degree  and  distribution 
of  the  softening  effects. 

It  will  be  appreciated  that  the  whole  of  the  tropical 
instances  here  referred  to  were  particularly  bad  ones,  and 
occurred  under  conditions  of  installation  which  should 
never  have  existed. 

The  difference  between  the  maintenance  requirements 
and  conditions  of  systems  of  solid-laid  metallic-sheathed 
cables  and  of  non-metallic  sheathed  cables  respectively, 
and  the  relative  likelihood  and  uncertainty  of  faults  rapidly 
declaring  themselves,  is  well  known  to  engineers.  In  the 
latter  case,  this  feature  combined  with  faulty  installation 
would  naturally  tend  to  produce  exaggerated  cases  of 
deterioration.  It  will  also  be  understood  that  it  is  not 
easj-,  and  certainly  not  justifiable,  to  draw  conclusions 
from  the  examination  of  one  or  two  isolated  cases,  but 
the  evidence  obtained  from  a  large  number  of  cases  with 
due  consideration  of  local  conditions  and  surroundings, 
puts  the  deductions  drawn  therefrom  on  a  very  different 
plane. 

(/)  Summary  of  results  from  investigation  in  the  tropics. — 
The  result  of  the  investigation  of  these  instances  in  the 
tropics  may  be  summarized  as  follows  : — 

First,  they  showed  that  leakage  current  played  a  promi- 
nent part  in  bringing  about  softening  of  the  vulcanized 
bitumen,  and  that  such  currents  even  of  a  very  minute 
order  w-ould  produce  a  type  of  softening  other  than  that 
caused  by  saponification  in  the  well-known  manner. 

Secondly,  that  moisture  must  have  been  a  factor  in  the 
case,  although  it  was  not  proved  that  it  had  any  other 
function  than  that  of  rendering  fibrous  coverings  and  other 
paths  conductive.  The  relation  of  the  distribution  of 
stains  in  tape  coverings  to  that  of  softening  of  the 
vulcanized  bitumen  is  confirmatory  evidence  of  its 
presence. 

Thirdlj',  it  appeared  likely  that,  in  the  presence  of  the 
two  preceding  factors,  this  particular  form  of  softening 
occurred  more  readily  in  tropical  than  in  temperate 
climates,  and  that  temperature  was  therefore  also  a  factor. 
(Climate  would  of  course  affect  both  the  second  and  third 
factors,  the  alternations  of  temperature  and  moisture  being 
extreme  in  most  tropical  countries.) 


Fourthly,  time  is  obviously  important  in  all  clianges  of 
the  kind  under  consideration. 

The  results  therefore  cnuhrmcd  the  tentative  conclusions 
drawn  from  the  instance  to  which  Fig.  21  refers.  The 
relationships   between   the   four   factors   were    unknown, 


Temp,  r 


60         80         100 

Time     in   hours 

Fig.  22. — Approximate  Time  required  to  produce  Softening 
in  Steam  at  Various  Temperatures. 


although  the  individual  effects  of  them  or  even  of  a 
normal  combination  of  them  was  known  to  be  negative 
for  such  periods  as  represent  the  lifetime  of  sound 
cable,  but  remained  to  be  investigated  in  an  abnormal 
combination. 

(g)  Experimental  reproduction  of  the  second  type  of  softening. 
— rAttempts  to  reproduce  the  softening  experimentally  under 


SieiM  Inlet 


IVont  view 


Fig.  23. — Steam  Pressure  Apparatus. 

approximately  similar  conditions  to  those  noted  in  the  in- 
siiu  investigations  had  to  be  abandoned  after  a  few  months 
as  no  positive  results  were  obtainable  even  when  some  of 
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Fio.  24. — Current  Curvet  of  Two  Samples  of  Vulcaniwd  Uilu- 
men  in  Steam  al  2K7»  K  (40  lb  per  sq.  in.  pressure) 

about  390°  F.,  the  samples  under  test  (o-JS  in.  radial 
tbickiicssi  being  mounted  on  the  central  brass  rod  acting 
as  one  electrode,  and  covered  with  a  tine  braid  of  copper 
wires  earthed  to  the  apparatus  as  the  other  electrode. 
The  rale  of  tranMlion  from  the  normal  to  the  softened 
state  could  be  closely  followed  by  taking  readings  of  the 
current  [massing  between  the  electrodes,  a  potential  dilfcr- 
ence  of  J50  x-olts  (continuous  current)  being  used  cither 
continuously  as  .1  working  condition,  or  switched  on  at 
intervals  for  test  purposes. 

A  disadvantage  of  working  under  these  accelerated 
temperature  conditions  is  that  llic  relatiooslup  of  the 
factors  which  enter  into  the  case  in  practice  arc  disturbed. 
For  insUnce,  in  practice  the  effect  of  current  must  be 
relatively  slow,  and  it  was  not  surprising  therefore  to  find 
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Fig.  3S- — Current  Curves  of  Tlircc  Samples  of  Vulcaiiiicd  Bitu- 
men 111  S'.ram  at  i\i    K. 

'■'fi-  'S  >ho«s  that  wUcii   lac   Uilipiialufc   is  reduced  to 
212*  F.,  and  the  time   to  attain  soittriiing  (as  iiu1]^..;ivl  by 
elccUical  failure)  is  thereby  extended  to  al»ul   1 
the  cttect  of  current  applied  continuously  tluou^..  _.  ...c 
heating     period    just     becomes     apparent      The     three 

s.imples  referred  to  in  the  diagram  were  ■■ ■— 'v 

treated,  in  order  that  the  results  obtained  fri 


80 


BEAVER:   CABLES. 


be  strictly  comparable.  The  almost  simuUancous  failure 
of  the  positive  and  negative  (centre  electrode)  samples, 
accompanied  liy  the  arrival  at  a  certain  fairly-well-delincd 
desjrce  of  softness,  bears  some  relation  to  the  author's 
observations  as  to  softening  of  this  character  being 
independent  of  polarity.  • 

(li)  Clianical  luiiiire  of  the  l>iocess  proiliicing  llic  second  lype 
of  sqfUning. — In  the  earlier  stages  of  the  investigation,  as 
alreadymentioned.it  was  proved  that  the  physical  changes 
were  not  due  to  anything  of  the  nature  of  spontaneous 
or  clieniically  induced  de-vulcanization.  In  the  light  of 
experimental  reproduction  of  the  softening  effects 
described  above  by  the  combined  agency  of  heat  and 
moisture  (steam),  hydrolysis  oi  the  glycerides  of  the  fatty 
and  hydroxy  acids  contained  in  the  vulcanized  bitumen 
was  clearly  indicated.  The  results  of  analysis  of  the 
softened  material,  and  a  comparison  thereof  with  the 
results  obtained  with  the  original  vulcanized  bitumen, 
contirmed  this  indication. 

The  normal  free  acid  in  the  raw  materials  is  not 
increased  bv  vulcanization,  although  it  probably  exists 
thereafter  as  sulphurized  fatty  acid.  The  process  of 
softening,  however,  was  found  to  be  accompanied  by  an 
increase  in  the  amount  of  free  acid,  roughly  in  proportion 
to  the  degree  of  softening,  the  amount  of  acid  being 
approximately  doubled  in  the  case  of  moderately  softened 
material,  and  trebled  in  cases  of  considerable  softening. 

The  general  nature  of  the  decomposition  by  hydrolysis 
is  similar  to  that  by  saponification,  except  that  in  the 
former  the  fatty  acids  are  not  combined  with  an  alkali  and 
therefore  do  not  form  soaps.  This  throws  some  light  on 
the  indiscriminate  occurrence  of  the  former  type  of 
softening  on  cables  of  any  polarity  and  on  alternating- 
current  cables,  and  the  restriction  of  the  latter  type  to 
negative  continuous-current  cables. 

The  increase  in  the  amount  of  free  acid  which  accom- 
panies softening  has,  as  might  be  expected,  a  marked  effect 
on  the  solubility.  For  instance,  the  organic  matter  of  the 
softened  compound  is  almost  entirely  soluble  in  benzene, 
whereas  only  about  50  per  cent  of  the  organic  matter  in 
the  normal  vulcanized  bitumen  is  soluble. 

(i)  Means  of  obviating  tlte  second  type  of  softening. — The 
ultimate  object  of  the  study  of  the  softening  effects  was 
naturally  to  find  and  provide  some  means  of  obviating 
them  ;  and  in  view  of  all  the  facts  brought  to  light  by 
investigations  in  situ  and  experimental  work,  the  best 
direction  in  which  to  work  was  obviously  one  in  which 
protection  would  be  afforded  to  tlie  susceptible  com- 
ponents of  the  material.  One  had  to  accept  the  economic 
situation  that  the  material  had  a  distinct  field  of  its  own  in 
electrical  engineering  practice,  and  disturbance  of  this 
situation  by  appreciably  adding  to  the  cost,  or  invariably 
providing  waterproof  coverings  (such  as  lead)  in  order  to 
exclude  moisture,  was  distinctly  undesirable. 

Some  form  of  colloidal  filling  having  the  requisite 
physical  properties  to  allow  of  its  incorporation  with  the 
vulcanized  bitumen,  of  such  composition  as  not  to  be 
capable  of  decomposition  by  hydrolytic  action,  and  which 
at  the  same  time  would  exert  a  maximum  protective  effect 
when  present  in  small  proportion,  was  clearly  the  ideal. 


After  much  experimental  work  it  was  founil  th;it  liigh- 
gr.ade  vulcani/eil  rubber  eiuiltl  be  treated  in  such  a  manner 
that  it  would  fullil  llie  requirements  as  regards  incorpora- 
tion with  vulcanized  bitumen,  and  would  in  addition  exert 
a  surprising  degree  of  protection  against  hydrolytic  and 
selective  action,  even  when  used  in  small  proportions.  In 
fact,  there  was  apparently  some  kind  of  mutual  protective 
action,  because  the  resistance  to  softening  under  the  steam- 
pressure  conditions  previously  described  was  greater  in 
the  combined  substance  than  in  either  of  its  components. 
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Fig.  26  records  graphically  the  results  of  a  series  of  tests 
on  the  degree'of  protection  afforded  by  various  percentages 
of  vulcanized  rubber  when  subjected  to  steam  at  a  pressure 
of  40  lb.  per  sq.  in.,  the  softening  periods  being  determined 
by  observation.  It  will  be  seen  that  the  addition  of  about 
6  per  cent  of  vulcanized  rubber  trebles  the  time  required 
to  produce  the  softening,  and  that  up  to  about  12  per  cent 
the  time  is  proportionately  increased.  When  larger  pro- 
portions are  used  the  curve  rapidly  becomes  steep,  and  at 
40  to  50  per  cent  the  protection  from  softening  effects 
appears  to  be  infinite.  Remembering  that  the  softening 
action  only  occurs  under  faulty  conditions  and  requires 
five  or  six  years  to  develop  to  a  troublesome  stage,  the  pro- 
tection afforded  by  5  to  10  per  cent  of  the  rubber  substance 
would  appear  to  be  ample  under  the  worst  conditions  of 
practice. 

The  author  feels  that  some  apology  is  due  for  the  length 
to  which  this  latter  section  of  the  paper  has  grown,  but  he 
feels  sure  that  there  are  a  large  number  of  engineers  who 
will  be  glad  to  have  a  more  intimate  knowledge  of  the  pro- 
perties of  vulcanized  bitumen  cables,  and  who  will  derive 
some  satisfaction  from  the  assurance  that  the  troubles 
referred  to  are  not  inherent  in  the  type  of  cable,  but  are 
attendant  on  fault  conditions  which  should  seldom  occur, 
and  which  would  equally  produce  some  kind  of  trouble  on 
any  other  type  of  cable. 

The  author's  thanks  are  due  to  his  assistants,  Messrs. 
Fairfield,  Crellin,  and  Gale,  for  their  help  in  many  of  the 
investigations  referred  to  in  the  paper. 
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it  was  a  much  better  solution  o(  the  problem  tlian  the 
other.  The  drawback  to  the  Jona  method  ik  the  assump- 
tion that  the  ind activity — that  is,  the  specific  inductive 
capacity  ol  the  various  insulalinf;  materials — remains  con- 
stant throuijhout  the  hk-ol  the  c.iblcs.  The  users  of  cables 
are  not  prcp.ired  to  fjraiit  tliis  assumption.  The  first  dilli- 
cultv  which  vt-  would  exjH;ct  would  be  that  with  alter- 
nai;  le  capacity  currents  in  the  inter-sheaths 

wi'„   ,         ,  ;tively  large.     In  designing  these  cables 

it  is  necessary  fir&t  of  all  to  calculate  the  potentials  at 
which  the  various  inter-sheaths  have  to  be  maintained  in 
order  that  the  pressure  may  be  equalized  across  the  dielec- 
tric. In  Fig.  6,  for  instance,  there  is  one  inter-sheath.  If 
the  dilTerence  of  potential  between  the  inner  conductor 
and  till-  ith  were,  say,  ^o.ixx)  volts,  then  the  dif- 

ference '  :.i\  between  the  inner  conductor  and  the 

inter-sheath  would  be  about  30,000  volts,  and  the  difference 
of  potential  between  the  inter-sheath  and  the  lead  sheath 
would  be  about  30,000  volts.  Hence,  by  maintaining 
these  differences  of  potential  constant  the  electric  stress 
is  equalized  and  the  factor  of  safety  of  the  cables  is  thus 
increased.  It  is  obvious  that  the  capacity  between  the 
inter-sheath  and  the  lead  sheath  is  much  l;<r;j«T  than  the 
capacity  of  the  original  cable,  sotliat  at  fir-'  capa- 

city current  on  the  inter-sheath  might  b*.-       ,  to  be 

large.  Fortunately,  however,  the  capacity  current  on  the 
inside  of  the  inter-sheath  is  flowing  in  the  opposite  direction 
to  the  capacity  current  on  the  outside,  and  thus  the  actual 
capacity  current  on  the  inter-sheath  is  the  difference 
iK-tween  these  two  currents.  The  actual  inter-sheath 
current,  therefore,  is  not  large.  The  capacity  current 
on  the  inner  core,  for  instance,  may  be  1  ampere  per 
mile,  and  on  the  inter-sheath  it  may  be,  let  us  suppose, 
I  anipi-re  per  mile  also.  On  the  lead  sheath  outside  it 
must  be  3  amperes  per  mile,  as  it  must  equal  the  sum  of 
the  two  currents.  No  matter  how  many  sheaths  are  used, 
if  their  potentials  be  properly  maintained,  the  capacity 
current  in  the  lead. sheath  outside  is  equal  to  the  sum  of 
all  the  currents  in  the  inter-sheaths  plus  the  current  on  the 
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In  this  case  the  \  . 
tamed  at  the  proper  potentials  I'  currents,  < 

natural  or  artificial.     These  leaka^.  __ ;>  are  of  c-_. ;, 

very  much  smaller  than  the  corresponding  capacity  cur- 
rents, so  that  the  ;.  -  .  •  -.nt  is  quite  suitable  lor  very 
long  lengths  of  coi.  rrent  cables,  such  as  are  used 

for  ii  ' 

the  1 

in  c.  '.ACtiy 

the  V  ,  In 

the  latter  case  the  capacity  currents  in  the  loter-sbeaths  are 
all  equal. 

Mr.  E.  H.  Rayskk  :  I  think  members  will  agree  that  a  ^  it^r"' 
I  '    asive  paper  on  the  subject   of   cables  from  ;'  ^ 

;rer's  point  of  view  is  more  than  due.     Ti. 
sht^nii  liy  ihc  fact   that  the  only  tw.>  1. 
on  the    design  of    cables    brougl-t    he; 
previously  are  tlw^c  of  Mr.  i  '  .ind  01   l)r.  Ku^>c;i 

who  both  dealt  with  the  sul.     :  .  ctically  rather  i;.a;i 

from  the  point  of  view  of  difficulties  encountered  in  manu- 
facture. On  page  5(>  the  author  advocates  the  use  of  a 
lead  tube  as  a  core  in  order  to  reduce  the  high  electric 
stress  set  up  by  a  conductor  of  small  diameter.  This 
seems  a  waste  of   valii.ihle  material   and    iiiinece^-.inlv  !•> 


he  slates  that  cables  with  a  single  inter-shealh  have  t^vn 
made  and  tested.     I'erhaps  by  this  time  they  hi\'    >>  ,   1 
laid.     It  would  be  very  interesting  to  hear  how  : 
potential  has  been  fixed,  whether  by  the  use  >  ' 
condensers,  or  resistances^      Though  the  y 
<  h  is  so  simple,  the  use   of  subsidu;  v 

itsrif    msv    c3".!-e    trouble,   and    '."■ 
L-m  to  be  pra.  ■ 
.      cs  as  far  as  >.  i 
present.    The  author  mentions  on  page  (>4  soi:. 

ments  which  I  made  on  the  superposition  of  a  c^ -- 

on  an  alternating  potential.  During  the  last  few  months 
11  these  lines  ha\c  been  made  under 
s   at   Uie    «oiks   I'f   one   ot  the  Urge 
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Mr.  Riyntr.  manufacturing  firms  with,  I  understand,  useful  results  in 
certain  directions.  I  am  hoping  that  these  results  will  be 
putilished  before  long.  The  author  suggests  that  the 
results  given  in  my  paper  were  due  to  a  change  in  the 
capacity  of  the  dielectric.  I  think  the  experiments  show 
quite  delinilely  that  this  is  not  the  case,  and  that  the  effect 
is  l;ugely  due  to  the  great  decrease  in  resistance  of  the 
insulating  materi;U  at  high  temperatures.  I  suspect  that 
curve  No.  i  in  Fig.  9  on  page  64  is  also  due  in  large  part 
to  a  similar  cause,  and  cannot  all  be  ascribed  to  a  great 
change  in  the  dielectric  constant.  I  now  come  to  the  part 
of  the  paper  which  might  luave  been  the  most  instructive, 
namely,  a  description  of  the  components  of  the  insulating 
materials  used  in  paper  cables,  and  of  their  physical 
properties.  The  author  seems  to  have  omitted  the  founda- 
tion stones  on  wliich  I  hoped  he  would  build  a  reasoned 
account  of  the  development  of  modern  insulating  materials. 
Omitting  the  paper  which  is  little  more  than  a  distance 
piece  to  keep  the  conductor  in  the  centre  of  its  tube,  the 
author  gives  no  detinite  information  as  to  w^hat  is  the  com- 
position of  the  insulating  material.  It  is,  I  believe,  generally 
a  mixture.  What  are  the  properties  of  the  components  of 
the  mixture,  and  wliat  regulates  the  proportion  of  the 
ingredients  ?  How  do  the  important  qualities  required  of 
a  highly  stressed  dielectric  change  with  a  variation  in  the 
composition  of  the  materials  used  ?  What  is  the  value  of 
the  dielectric  constant  and  of  the  power  factor,  and  how 
do  these  vary  when  the  temperature  changes  ?  How  do 
rubber  and  bitumen  cables  compare  with  paper  cables  in 
these  respects  ?  These  are  fundamental  points,  and  a  paper 
dcahng  with  cables  which  omits  all  reference  to  them 
cannot  be  considered  altogether  satisfactory.  For  instance, 
take  the  question  of  power  factor.  Hochstiidter  gives  this 
as  2  to  3  per  cent.  The  value  is,  I  believe,  often  appreciably 
less  than  this.  Without  information  on  such  fundamental 
physical  characteristics  it  is  impossible  to  estimate  how 
they  limit  engineering  possibilities.  I  hope,  therefore,  the 
autlior  will  be  able  to  supply  some  information  on  these 
points  and  thereby  considerably  increase  the  value  of  the 
paper. 

Mr.  Hunter.  ^r.  P.  V.  Hu.s'TER  :  In  the  circumstances  mentioned  by 
Dr.  Russell,  from  a  knowledge  of  the  conservatism  of 
cable  makers  in  general,  we  might  have  expected  a  paper 
of  a  decidedly  tentative  nature.  In  so  far  as  it  deals  with 
future  developments,  however,  this  is  far  from  being  the 
case.  After  introducing  his  subject  by  referring  to  what 
has  been  done  by  others,  the  author  deals  with  the  present 
standards  adopted  by  cable  makers  and  condemns  them 
absolutely.  He  then  assumes,  by  inference  rather  than  by 
actual  language,  that  any  substantial  advance  in  the  use  of 
3-corc  cables  for  higher  pressures  is  impossible,  and  he 
points  out  the  advantages  of  single-core  cables.  Tliis  is 
certainly  a  step  beyond  present-day  practice,  but  not 
content  with  this  the  author  refers  to  the  inter-sheath 
cable  as  being  superior  to  the  ordinary  single-core  cable. 
I  feel  that  for  anyone  actively  engaged  in  the  manufacture 
of  cables  to  read  a  paper  dealing  progressively  with  the 
subject  in  this  way  is  a  great  advantage  to  the  Institu- 
tion. Turning  to  the  first  point  considered  by  the  author, 
namely,  the  present  cable  standards,  it  seems  to  me  that 
something  should  be  done  to  revise  them.  I  thought  at 
one  time  that  this  might  be  effected  by  simply  promot- 
ing them   a  step,  that   is   to   say,  using  2,000-volt   cables 


for  pressures  in  the  neighbourliood  of  5,000  volts,  5,000-  m 
volt  cables  for  10,000  volts,  and  io,ooo-volt  cables  for 
10,000  volts ;  but  even  then  the  present  standards  are 
rather  uns;itisfactory,  because,  as  the  author  points  out, 
the  thickness  of  the  dielectric  is  greater  as  the  size  of 
the  core  increases,  which  appears  wrong  according  to 
theoretical  considerations.  The  paper  may  be  taken,  so 
far  as  it  relates  to  progress  in  high-tension  work,  as 
recommending  single-core  cable.  I  agree  with  tlie  author 
that  single-core  cables  will  have  a  larger  lield  in  tlie  future, 
and  it  is  for  us  to  anticipate  as  quickly  as  possible  exactly 
what  that  field  will  be.  At  present  there  are  quite  a  number 
of  instances  of  very  high-pressure  singl(;-corc  cables  being 
used,  but  generally  for  one  particular  purpose  only,  namely 
for  connecting  in  series  with  overhead  lines,  where  the 
lines  have  for  some  reason  or  other  to  be  taken  under- 
ground. We  should  not  expect  to  see  single-core  cables 
limited  to  that  particular  application.  I  feel  certain, 
however,  that  conditions  will  arise  which  will  limit  the 
use  of  such  cables  to  applications  of  a  similar  kind  ;  that 
is  to  say,  I  think  it  will  be  impossible  to  supersede  the 
present  3-core  cable  by  single-core  cables  for  general 
use  in  large  and  complicated  transmission  systems.  I  feel, 
too,  that  before  single-core  cables  are  adopted  on  a  really 
extensive  scale  it  will  be  necessary  to  consider  one  or  two 
aspects  of  their  use  which  may  lead  to  engineering  difli- 
culties.  First  of  all,  the  capacitj'  current  will  be  extremely 
high,  and  also,  owing  to  the  fact  that  the  conductors  are 
placed  some  distance  apart,  there  will  be  increased  react- 
ance, which  in  the  case  of  long  lengths  may  lead  to  a 
revival  of  the  Ferranti  effect  as  a  matter  of  practical  im- 
portance. This  effect  may  be  said  to  be  that  condition 
in  which  the  reactance  voltage  adds  effectively  to  the 
working  voltage  of  the  circuit ;  that  is  to  say,  it  is  a  condi- 
tion which  may  be  produced  only  by  a  current  that  is 
substantially  leading.  It  is  experienced  in  a  small  and 
modified  form  in  cable  testing.  In  testing  a  20,000-volt 
cable  at  40,000  or  50,000  volts  the  effective  ratio  of  the 
testing  transformer  will  increase  quite  appreciably,  and 
I  fear  that  it  will  be  necessary  with  single-core  cables 
to  take  steps  to  deal  with  a  similar  effect,  although  in  this 
case  the  reactance  is  provided  by  the  cables  themselves 
One  method  is  to  alter  the  power  factor  of  the  current 
taken  by  the  cable  at  no  load.  The  next  trouble  which 
should  be  anticipated  is  that  wliere  three  single-core 
cables  are  used  for  3-phase  working,  in  the  event  of  the 
lead  sheath  of  two  of  the  cables  touching  at  two  points, 
a  heavy  circulating  current  will  flow  in  the  lead  sheaths, 
the  current  being  proportional  to  the  load.  The  correct 
precautions  against  this  are  by  no  means  obvious.  If  the 
sheaths  are  insulated  from  each  other  there  will  be  a  con- 
siderable difference  of  potential  between  tliem  in  the 
event  of  a  heavy  momentary  overload  ;  in  addition,  there 
is  always  the  danger  of  accidental  contacts  due  to  disturb- 
ance of  the  ground.  Such  contacts  are  dangerous,  as  they 
are  in  general  of  high  resistance  and  would  result  in  local 
destruction  of  the  sheaths.  On  the  other  hand,  if  the 
sheaths  are  properly  bonded  together  at  intervals  there 
will  be  a  decided  addition  to  the  cable  losses.  I  cannot 
agree  with  one  statement  that  the  author  makes  on 
page  58  in  connection  with  core  curvature,  namely,  that 
it  is  obvious  a  large  current-carrying  capacity  will  not 
be   required   in   such    high-voltage   cables.     First   of   all, 
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iiaMOT.  I  think  a«e  may  conMentlr  ny  that  Hnf;t»-<-ar«  caM«« 
will  IH>I  l>c  Ukrd  wlicrr  3-C010  cal>lc!>  ate-  p<»u(>lr  Iick  JUac 
ol  ihr  .  ■   '       llio  III  wIikIi  I   have  irtciicxl. 
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•uch  circuin%iaiicr>  It  N,  ,>l  to  trjiiMiiil 

lh«  snull  ^niouiil  oi  encrg>-  currrsptinding  lo  a  un;ill  uic 
of  core.  In  such  catc&,il  i>rvin«  to  mr,  very  I.U|;r  amounts 
ot  eitergv  would  li^tvc  to  be  Iransiiiitled,  and  coinpjrativeiy 
|ji  ■  '     ■  'le  be   re.  .;  in  the 
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amounts  to  this      it  piovitle>  a  iiu  jii>  01  li4ii~  ..dl 

aniounK   'I  <  Ml  I  I'l  1,  n' .1,  stances.     I  .1  .iiLi^i ^Jcr 

the»«  .  ha\x  a  \  apphcation. 

On  the  li  in  ri  iiui  UK-  ordinary  :nn^.r  ..lie  cable  does 
cventuallv  reach  a  hinit  l>evi>iul  which  it  cannot  tte  handled 
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b.  1  wc  aieiii  Uii- I'uMlion 

01  ^f    aniouiilN   ol   energy 

o\'cr  extremely  long  distances.  I  am  doiibllul  whether 
such  conditions  will  ansc  in  this  country.  There  is  another 
difficulty — and  I  see  that  the  author  anticipates  that  this 
will  be  the  real  difliculty  with  these  cables.  Nobody 
could  reasonably  object  to  an  intcr-shcath  cable  if  the 
if  'iig  were  the  only  alteration.     Obviously,  if  the 

(a^  .icty  of  the  cable  could  be  improved  by  merely 

adding  a  cupper  tape  between  two  particular  layers  of  the 
dielectric,  it  would  be  done  :  but  I  fear  that  the  methods 
which  will  have  to  be  adopted  for  obtaining  the  voltage 
that  has  to  be  impressed  on  the  sheaths  will  introduce 
troubles  of  their  own.  I1ie  shi^ths  cannot  be  regarded 
solely  as  serving  to  keep  the  stress  of  the  working  potential 
on  the  insulation  below  a  certain  value.  They  ought  aJso 
to  lake  care  of  the  surge  stresses.  Without  knowing 
exactly  what  the  proposed  arrangements  arc,  1  tear  that 
so  far  as  surging  is  concerned  the  conditions  will  become 
rather  worse  than  without  the  sheaths.  .-Vs  is  well  known, 
exceedingly  high  voltages  are  often  experienced  on  the  end 
turns  of  transformers,  and  1  do  not  know  of  any  satisfac- 
tory method  ol  impressing  voltage  on  the  inter-sheath 
without  sometimes  running  considerable  risk  of  a  prev 
sore,  equal  to  or  even  higher  than  the  normal  working 
voltage,  t>eing  iinpt>sed  on  the  inner  layer  of  insula- 
tion between  the  sheath  and  the  core.  This  is  a  con- 
dition in  which  the  cable  would  he  much  more  hable 
lo  fail  than  if  there  were  no  inter-sheath.  I  do  not  say 
that  It  is  impossible  to  get  ever  the  difficulty,  but  it  is 
obviously  a  matter  that  requires  careful  consideration 
ticfore  the  device  is  scnou^ly  applied  in  practice.  In  par- 
ticular, some  arrangement  should  be  adopted  whereby  the 
bcliaviour  of  such  a  cable  can  be  observed  under  surge 
conditions. 
llw»ru  Hroiessor  A.  ScHwwrtz  :  I  feel  sure  we  slull  all  agree 

that  there  arc  three  main  groups  of  properties  which 
materials  for  the  dielectrics  of  cables  should  possess. 
First,  electrical  properties  such  as  insulation  resistance 
and  dielectric  strength  ;  secondly,  clieiiiical  properties 
such  as  stability  and  inertness  ;  and  thirdlv,  mechanical 
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and  liN-steresis  tests.     In  «. 
the   author  states  that  "  ll.i. 
canifod    rubber    are    laiily 
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present  time  we  > 

physical  tests.     The  physical  test  is  not  used  i 
electrical    properties  of   the    dielectric,   l>ut  U   ►,■ 
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will  be  the  one  which  is  tunned  Iroin  the  Ix  1 

rubber  :  it  wiU  possess  the  best  physical  prof.  ,J 

will  be  the  must  durable.  In  connection  with  the  aiithur'c 
remarks  in  regard  to  the  lutural  deteriorauon  ol  rubber, 
I  should  like  to  state,  as  the  result  of  a  series  ol  experi- 
ments which  I  earned  iMit  recently  in  i  'h 
L)r.  H.  1'.  Stevens  and  which  e!tlcmle<i  •  11 
months,  that  so  far  as  the  nai  '-^ 
ex(K>sure  to  light,  air,  water,  ni  d, 
we  hnd  that  the  Itcliaviour  ol  plantation  smoked  sheet  and 
plantation  pale  crepe  compares  favourably  with  tliat  of 
fine  hard  Brazilian  Hara  rubber,  so  that  the  rubt>er  manu- 
facturers h.ivc  already  reached  the  stage  of  excellence 
with  plantation  rublicrs  which  the  author  thinks  they  nuy 
reach  some  time  in  the  future.  I  was  very  interested 
also  to  notice  that  the  author  emphasiics  the  danvier 
from  the  presence  of  sulphur  in  the  layer  ol  :  \t 
to  the  strand.  In  that  position  most  of  us  .  't 
exiMX't  to  hnd  much  sulphur.  There  are.  however,  at 
least  four  sources  from  which  sulphur  may  be  introduced. 
First,  sodium  bisulphite  is  used  frequently  as  a  preserva- 
tive tor  the  rubt>cr  latex  to  the  extent  of  about  I  |\ait  in 
400  to  }.o-io  ot  latex,  and  although  this  amounl  diM-s  not 
affect  dc  !v  the  insulating  prop>erties  i  r  r. 
yet  It  c  .  ^  to  Its  sulphur  content.  Scv  .*■ 
rubt>ers  always  contain  a  small  quantity  ot  siilpiiur  un- 
washed Hraziluui  6ne  hard  Kira  conuining  abjut  01  per 
cent.  Thirdly,  the  rubljcr  tape  is  frequently  "  cold-cured  " 
in  order  to  toughen  it.  and  the  sulphur  content  ol  oy  per 
cent  which  is  sometimes  spccitied  .is  a  maximum  lor  the 
pure  ru'  easily  k>e  exceeded  Ir.iii  i:.:-  ^  arcc 
alone.  1  iir  mav  pt-!ic!r.i!c  I'l-  r  :  '-tvr 
Layer  duiing  the  pu>cess  M  vuK  .  :i 
glad  that  the  author  has  given  .e 
test  for  the  character  of  the  tinning,  as  it  is  ot  great  im- 
portance that  the  cop|>er  should  Ijc  ethciently  protected 
from  the  action  of  the  sulphur  in  the  rubttcr  and  that  the 
rubber  should  l)c  protected  from  the  action  of  copper 
oxidc  on  the  conductors. 
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Mr.  F.  C.  Raphakl  {pnrlly  conimiiiiicaled)  :  This  paper 
will  considerably  advance  onr  knowledge  of  calil^-  manu- 
facture :  and  in  thanking  tlic  author  we  must  also  remember 
that  instead  of  presenting  this  paper  to  the  Institution  he 
had  obviously  a  very  attractive  alternative  before  him, 
namely  to  keep  this  knowledge  for  the  sole  use  of  himself 
and  his  firm.  Cable  makers  have  been  accused  of  adopting 
only  rule-of-thumb  methods,  but  the  paper  shows  that 
this  .accusation  is  quite  unjustiliable.  The  author's  talent 
for  painstaking  investigation  into  detail  is  the  same  as  that 
to  which  the  Germans  have  been  able  to  attribute  their 
success  in  the  engineering  industries.  In  cable  manufac- 
ture, however,  Germany  has  learnt  from  us  everything 
which  she  knows,  and  she  has  not  even,  evolved  more 
economical  methods  of  manufacture.  If  German  com- 
petition with  us  has  been  keen,  it  has  been  solely  for  two 
reasons.  The  first  of  these  is  that  the  majority  of  the 
buyers  are  not  able  to  recognize  the  difference  between 
good  and  less  good  cable — both  have  precisely  the  same 
appearance — and  in  consequence  they  are  easily  led  to 
purchase  the  cheaper.  In  this  connection  I  would  urge 
British  cable  manufacturers  to  endeavour  to  find  some 
better  way  of  convincing  engineers  as  to  the  quality  of 
vulcanized-rubber  cable  and  its  probable  life  than  that 
of  merely  labelling  it  with  three  letters  which  after  all 
are  no  more  than  an  abbreviated  description  of  a  group 
of  firms.  Some  months  ago  I  had  occasion  to  draw  up  a 
specification  for  the  re-wiring  of  a  large  building  for  which 
about  seven  miles  of  cable  was  required.  The  specifica- 
tion called  for  and  described  in  unmistakable  terms  the 
very  best  cable  for  the  purpose — a  cable  which  all  our 
leading  manufacturers  make  for  Admiralty  and  other 
wiring  work  of  a  very  permanent  character — stating  also 
that  it  must  be  British  made,  and  that  the  tender  must  be 
accompanied  by  guarantees  that  the  cable  fulfilled  the 
requirements  of  the  specification.  Yet  one  of  the  con- 
tractors actually  submitted  a  cheap  German  cable  mas- 
querading under  an  English  braiding,  and  one  or  two  others 
offered  samples  marked  with  the  three  mystic  letters 
referred  to  without  further  guarantee.  The  other  reason 
for  the  success  of  foreign  cable  in  competition  with 
British  is  that  the  foreign  maker  has  apparenti}'  been  con- 
tent to  take  less  profit  when  it  is  a  question  of  equal  quality. 
Passing  from  remarks  of  a  general  character,  arising  only 
incidentally  out  of  the  paper,  to  questions  of  detail,  I  would 
first  refer  to  the  inter-sheath  cable.  I  take  it  that  before 
using  the  conductor  with  the  two  lead  tubes,  shown  in 
Fig.  3,  the  author  has  assured  himself  that  under  the 
severest  conditions  of  overload  there  would  be  no  pos- 
sibility of  the  lead  melting.  The  inter-sheath,  however, 
might  conceivably  be  affected  in  this  way  if  a  fault 
occi:rred  due  to  slight  mechanical  damage,  so  that  the 
breakdown  was  gradual.  The  author  has  a  device  for 
"anchoring"  the  inter-sheath  at  a  fixed  potential.  At  any 
time  that  it  became  necessary  for  this  device  to  allow  a 
large  current  to  flow  in  order  to  keep  the  potential  the 
same,  it  is  quite  possible  that  the  inter-sheath  itself  might 
carry  such  a  large  current  that  there  would  be  risk  of  the 
sheath  melting.  If,  however,  this  device  will  not  allow  a 
sufficiently  large  current  to  flow  to  maintain  the  potential, 
and  is  purposely  allowed  to  break  down  if  there  is  too  high 
a  potential  to  make  up,  the  intermediate  sheath  would 
assume  earth  potential,  and  there  is  then  great  risk  of  a 


breakdown  between  the  core  itself  and  the  inter-sheath,  "■■• 
since  the  thickness  of  the  dielectric  is  halved.  That  pro- 
duces a  possibility  of  breakdown  at  several  points  on  the 
cable,  as  there  will  be  naturally  a  greater  stress  along  the 
whole  cable  ;  and  then,  if  the  conductor  sparks  through 
to  the  sheath  at  two  points  there  is  once  more  the  pos- 
sibility of  large  currents  passing  along  the  inler-slieath  and 
melting  it.  .Again,  in  the  case  of  a  sudden  breakdown  one 
cannot  rely,  I  think,  upon  the  voltage  between  tlie  intcr- 
shcath  and  the  core,  and  between  the  iuter-shealh  and  the 
outer  lead,  being  maintained  up  to  a  definite  instant 
and  then  suddenly  falling  to  zero.  There  is  a  pos- 
sibility that  one  of  the  two  halves  of  the  dielectric  will 
break  down  first,  and,  as  before,  we  get  the  same  effect 
of  a  high  voltage  between  half  the  radial  thickness  of  the 
cable  and  the  possibility  of  breakdown  at  several  places. 
This  danger  of  a  breakdown  in  several  places  is  very  im- 
portant from  another  point  of  view  than  that  of  having  to 
repair  the  cable  here  and  there.  Cables  such  as  these,  I 
gather  from  the  author,  will  probably  be  run  in  long  lengths 
with  lead  sleeves  instead  of  disconnecting  boxes.  That 
means  that  as  these  cables  are  only  to  be  used  for  long 
distances  it  will  be  necessary  to  carry  out  a  localization 
test.  It  is  possible  with  a  cable  like  this,  having  a  con- 
ductor of  only  moderate  size,  to  localize  a  fault  to  within 
a  yard  per  mile  of  cable  ;  but  if  there  are  several  faults, 
or  even  only  two  faults,  the  localization  test  is  practically 
valueless,  because  it  merely  gives  an  intermediate  position 
between  the  various  faults,  depending  on  their  resistance. 
That  is  a  very  important  point  indeed,  because  these 
cables  will  have  to  be  repaired  quickly.  In  this  con- 
nection the  use  of  the  split-conductor  system  will  be  very 
welcome,  because,  under  present  conditions,  if  a  3-phase 
cable  burns  out  and  the  fault  is  allowed  to  develop  con- 
siderably before  current  is  switched  off,  as  usually  happens, 
the  whole  cable  is  often  burnt  right  through,  and  the  lead 
sheathing  and  the  cores  become  joined  together  but  do 
not  make  a  perfect  contact  of  verj'  low  resistance  com- 
pared with  that  of  the  cable,  although  sufficient  to  render 
it  impossible  to  localize  the  fault  by  a  capacity  test.  As 
the  core  is  burnt  through  the  fault  cannot  be  localized  by 
a. loop  test  or  fall-of-potential  test,  and  one  cannot  localize 
it  like  a  dead  earth  on  a  telegraph  cable  because  it  is  not  an 
absolutely  dead  earth,  owing  to  the  resistance  of  the  fault. 
Another  point  in  connection  with  the  inter-sheath  cables  of 
very  large  diameter  which  the  author  has  described,  is 
whether  there  would  not  be  a  liability  for  the  lower  flakes 
of  a  long  cable  to  be  flattened  by  the  weight  of  the  upper 
flakes  when  wound  on  a  drum.  This  cable  would  not 
possess  so  large  a  resistance  to  compression  as  would  a 
concentric  cable  of  the  same  diameter,  and  if  the  circular 
shape  were  distorted  part  of  the  advantage  of  the  large 
diameter  conductor  and  of  the  inter-sheath  might  be 
neutralized.  The  metallic  test  sheath  which  the  author 
says  he  has  applied  to  ordinary  lead-covered  cables 
separated  from  the  outer  lead  sheath  by  only  a  small 
thickness  of  insulation  is  a  very  good  idea,  for,  with  existing 
designs  of  extra-high-tension  cable,  a  defect  in  the  lead 
might  well  escape  observation  in  the  factory  test  and  only 
show  itself  months  or  even  years  after  the  cable  has  been 
laid.  To  assist  maintenance  tests,  however,  I  would 
suggest  that  the  insulation  resistance  of  50  megohms  per 
mile  between  the  lead  covering  and  the  test  sheath  should 
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before,  during,  iv  alter  the  application  of  the  paper,  but  I 

should  like  to  correct  the  author  on   "      ^>uitr  apart 

from  the  question  of  impret>ii.ilion.  .  lurd  heating 

ci  ■     '  .-alatiuii  ! '  Hid 

it.  In  th<  of 
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xrno  .>!  tests  on  >ever.il  diltereiit  makes  ol  paper  out  of 
which  I  made  rough  condensers  and  tested  them  for 
capacity  and  insulation  after  various  periods  of  drying  at 
an  even  temper  tture.  All  these  papers  were  tested  in  the 
natural  state  as  they  were  received  from  tlic  p.iper  manu- 
facturers and  were  not  impregnated  in  anv  way.  I  found 
that  after  a  certain  number  of  hours  drviiij;,  some  of  the 
papers  whicli  hud  previously  shown  pcHHir  dictrical  pro- 
perties developed  a  far  higher  insulation  rcM-t.ince  and 
lower  specific  inductive  capacity  than  the  others.  In  all 
these  cases,  however,  the  paf)ers  had  become  quite  brittle, 
and  if  they  had  been  used  for  cables  they  would  have  had 
precisely  the  properties  after  long-continued  1;  '  ich 

the  author  attributes  to  super-saturation  of  the  i  iig 

material.  In  describing  the  joints  with  porcelain  sfiacers, 
the  author  has  omitted  to  say  how  these  arc  finished  off. 
I  take  it  that  they  are  simply  covered  with  a  lead  sleeve 
wiped  on  to  the  cables,  which  is  then  merely  filled  with 
insulating  material.  In  considering  the  conditions  affect- 
ing the  life  of  vulcaniied-rubber  cables,  the  author  briefly 
dismisses  "  the  natural  deterioration  common  to  all  rubber 
goods"  as  a  purely  supierlicial  effect.  I  should  like  to 
know  iip<in  what  ground  he  hase<  this  conclusion.  If  he 
i>  '  to  this,  one  would  :ect  that  the 

dii:  ciween  the  inferior  . I  .  ;i.sof  vulcan- 

ized-rubber  cable  would  be  in  the  thickness  of  the  dielec- 
tric. This  is  not  the  case,  however,  for  the  author's  firm, 
and  in  fact  all  the  members  of  the  Cable  Makers'  Associa- 
tion, supply  exactly  the  same  dielectric  thickness  for  ';oo, 
too,  and  2,5i>o-niegohm  grade  cable.  The  only  object  in 
using  a  better-grade  cable  for  ordinary  low-pressure  work 
is  to  have  .t  c.ib!elh:it  will  \:\-l  icnnt-r  ■  and  if  ih'-refore  the 
ai:'  :v  have 

a  1  .  •    r   ever. 

It  IS  well  known,  however,  that  ordinary  vulcanued-rubber 
cable  firmly  fixed  in  casing  or  drawn  in  iron  Itarrel  (so  that 
in  either  case  it  is  only  the  outside  of  the  cable  with  which 
air  can  come  in  contact)  becomes  hard  and  brittle  after  a 
comparatively  short  numlK-r  of  ycar>.  no  matter  what  is  its 
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eiplaiiatiun  ^                     tte  liilerevliiig  at  to  wh-.  rd 

rubtirr  u  "  |K. by  a  vei>  -■'  -n    •■ e 

which  one  would  think  would  I-  >'e 

through   the   \. '    ■      ■     :  ., 

»up|yj>ed  lu  I  .t 

111    V  ^ 

»K>  c. 

It  «a^  drawn  uut  and  the  c.  is 

possible,  but  as  It  was  nut  j  v 

were  no  doubt  left  slightly  damp.     S  . .  e 

been  rewired  several  limes,  and  the  ca< 'II  c 

only  lasted  a  year  or  two.     This,  as  the  a  >>■ 

ably  know,  i>  '  ,;i 

aware  of  I  hi  J 

wiring  s    iiiid    I  '.J 

prevent;  ig  the  slij;  :s 

cither  belore  the  wires  arc  drawn  in  or  -  .c 

to  condensation.  Finally,  I  should  hki:  to  ■>.:..  ;„  .  ...;.  :^>r 
Schwartz's  rocommendation  of  plantation  rubber.  I  do 
not  wish  in  any  way  to  detract  from  the  value  's 

to  which  he  and  Dr.  Stevens  liave  devoted  se'. 
but  1  would  point  out  that  a  7-11!  y 

little  with  rcg.ird  to  the  relative  .  .  ,. 

The  cliicf  trouble  with  india-rublHrr,  and  the  re.  it 

has  lost  much  of  its  reputation  as  an  insulator  li.^  . d 

purposes,  is  that  it  changes  its  character  with  age.  Hara 
rubber  has  proved  itself  in  the  past  to  be  the  most  stable 
of  any,  both  in  its  pure  slate  and  when  compounded  with 
other  ingredients  and  vulcanized,  and  one  ..e 

the   riik   of   substituting    too    hastily   an  f 

rubber. 

Mr.  J.  H.  C.  Brooking  :  Dr.  Russell  stated  that  this  was  Mr. 
the  first  paper  on  the  subject  of  cables  which  a  cable  ■"***•« 
maker  had  brought  before  the  Institution.  I  should  like  to 
point  out  tliat  a  paper  was  written  and  read  before  the 
.Manchester  Local  Section  in  igos  by  Messrs.  Atkinson  and 
Heaver, '  and  it  is  a  remarkable  thing  tliat  such  a  valuable 
paper  was   never   published  in    the   Journal.  c 

one  or  two  points  in  co'viection  with  cable  i:  >i 

the  author  has  not   to  .  11  in  his  pajvrr.     lit  .'las 

principally  discussed  t!  .ion  <if  cables.  I'n;   :  ^    :.as 

aot  dealt  with  the  question  of  the  protection  of  1 

at  the  present  time  the  requiremeuts  for  the  pi^><.<..i'.'ii  U 
cables  are  becoming  more  and  more  imitortant.  Doc 
iiiti  ''.at  the  author  has  nu  ! 

to  I  IS   the    iniTea^cd  1 

traliic.     1  ..ci 

mentioned.     <  . 

increased  trouble  due  to  the  ellect  of  vil-.  <.- 

lead   slicathing,   which,    I    iH-heve.  is   not  v 

known.    This  is  often  caused  by  railu-av 
would  scarcely  credit  tliat  lead-s'      - 

•    1     I:     AlkSv.iS    iriJC.J.  UftlVEK       - 
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seriously  damaged  by  it.  In  connection  with  the  deterior- 
ation of  rublier,  the  author  refers  on  pa<»c  70  to  "  the 
natural  deterioration  common  to  all  rubber  goods."  I 
have  heard  of  a  certain  class  of  rubber  which  is  used  in 
connectiou  with  c;ible  protection,  and  I  should  like  to  say 
that  if  the  word  deterioration  is  mentioned  in  regard  to 
this  sheathing  material,  then  it  should  also  be  mentioned  in 
rcg.-u-d  to  the  Pyramids  of  Egj-pt.  A  further  point  made 
in  the  paper  as  to  the  physical  properties  of  vulcanized 
rubber  is  that  insulating  rubbers  do  not  show  any  alteration 
in  insulation  resistance  when  immersed  in  water.  I  have 
ahv.ays  understood  that  rubber-insulated  cables  were  im- 
mersed in  w-ater  for  24  hours  previous  to  being  tested,  in 
order  to  make  sure  that  they  h.id  not  materially  suffered 
from  absorption  during  such  immersion. 

Mr.  C.  P.  Sparks  :  I  should  like  to  make  a  few  remarks 
from  the  point  of  view  of  a  supply  engineer,  and  to  sum 
up  what  I  consider  to  be  the  outstanding  features  of 
British  cable  practice.  So  far  as  general  distribution  is 
concerned.  I  consider  that  the  pre-eminent  features  of 
British  practice  are,  first,  a  solid  leadslieath,  and,  secondly, 
a  wiped  joint.  These  two  factors  have  been  dominant  in 
the  success  and  reliability  of  our  distribution  systems.  The 
author  s.ays  little  about  jointing,  but  in  my  opinion  this 
point  is  of  the  tirst  importance.  Amongst  the  most  radical 
improvements  that  have  been  made  in  distribution  systems 
of  late  years  is  the  method  which  I  believe  Messrs.  Merz 
and  McLellan  were  the  tirst  to  adopt,  namely,  the  vacuum 
process  applied  to  jointing.  This  process  ensures  that  the 
wiped  lead  joint  is  thoroughly  sound,  and  the  cable  being 
warmed  and  exhausted  under  vacuum  the  joints  are  readily 
filled  ;  that  is  to  say,  there  are  no  air  bubbles  left  in  the 
joint.  From  experience  with  that  method  of  jointing  it  is 
possible  with  jointers  of  ordinary  intelligence  to  produce 
joints  on  a  io,ooo-volt  cable  that  will  successfully  stand  a  test 
of  90,000  volts.  On  page  68  the  author  advocates  the  use 
of  joints  with  porcelain  separators  and  oil.  It  may  be  that 
he  has  in  mind  verj-  much  higher  pressures  than  I  have 
contemplated,  but  I  am  certainly  of  the  opinion  that  for 
normal  pressures  the  general  principle  of  making  the 
joint  as  much  like  a  reinforced  part  of  the  cable  is 
the  best  practice.  I  think  the  mechanical  weakness  of  the 
porcelain  and  the  risk  of  air  by  absorption  of  the  oil  serious 
disadvantages,  and  I  much  prefer  a  joint  made  with  care- 
fully prepared  insulating  material.  With  regard  to  the 
grading  of  cables,  in  this  country  the  distances  and 
the  power  transmitted  do  not  warrant,  at  all  events  in 
the  near  future,  pressures  of  more  than,  say,  30,000  to 
40,000  volts.  In  my  opinion  the  reliability  of  a  single 
dielectric  which  is  free  from  the  complication  introduced 
by  grading,  is  so  essential  that  the  extra  risks  involved  by 
the  suggested  grading  are  unwarranted,  at  all  events  so  far 
as  practice  in  this  country  is  concerned.  With  the  higher 
pressures,  the  transmission  is  carried  out  by  overhead 
wires,  cables  being  only  used  in  short  lengths  for  end  or 
intermediate  connections.  It  therefore  appears  to  me  that 
the  question  of  grading  cable  dielectrics  can  be  relegated 
to  the  distant  future.  I  am  interested  in  the  author's 
reference  to  the  impregnation  of  insulating  material  apart 
from  the  cable.  Of  course  great  difficulty  arises  in 
thorough  impregnation  of  large  extra-high-pressure  cables, 
but  I  was  unaware  that  manufacturers  were  making  cables 
on  a  large  scale  in  which  the  paper  insulation  had  been 


separately   prepared     and     independently     impregnated.  Mr.  Spark 
Owing  to  the  risk  of  air  being  entrained  between  the  layers 
of  the  dielectric  I  should  be  glad  if  the  author  in  his  reply 
would  state  what  are  the  electrical  cliaracteristics  of  such  ] 

cables  under  test.  As  Chairman  of  the  Wiring  Kules 
Committee  I  am  interested  in  the  author's  reference  on 
page    67    to    the    question    of    temperature    rise.      The  1 

National  Physical  Laboratory  carried  out  for  the  Wiring 
Rules  Committee  a  very  exhaustive  series  of  tests.  The 
Conmiittce  was  dealing  with  the  question  of  cables  for  use 
in  factories  and  houses,  and  lixed  a  low  limit  of  tempera- 
ture rise,  the  tests  only  extending  up  to  so"  F.  This  paper 
relates  to  temperature  rises  up  to  75°  F.,  which  of  course 
introduce  new  conditions.  I  should  like  to  hear  what  the 
author  considers  the  safe  upper  limit  of  temperature  rise  in  j 

practice  for  different  classes    of  dielectric.     It  has  been  '' 

suggested  that  the  Wiring  Rules  Committee  would  be 
prepared  to  consider  a  higher  temperature  rise,  but  they 
want  assistance  from  the  manufacturers  before  they  feel 
justilied  in  raising  the  limit.     Great  assistance  is  also  ex-  1 

pected  from  the  Research  Committee  of  the  Institution. 
At  the  end  of  the  paper  the  author  apologizes  for  the 
length  of  the  section  dealing  with  bitumen  cables,  and 
adds  :  "  The  troubles  referred  to  are  not  inherent  in  the 
type  of  cable,  but  are  attendant  on  fault  conditions  which 
should  seldom  occur,  and  which  would  equally  produce  \ 

some  kind  of  trouble  on  any  other  type  of  cable."     I  am  . 

in  total  disagreement  with  himtliere.     I  think  the  bitumen  , 

cable  should  be  placed  in  a  class  by  itself.     Bitumen  has  ] 

proved   a   treacherous   material   in   the    past,  and   in  my  ; 

opinion  it  should  only  be  used  under  special  circumstances,  ' 

which  only  occasionally  arise. 

Professor  J.  T.  Morris  :  On  page  66  a  series  of  tests  is 
given  with  regard  to  the  expansion  of  two  lengths  of  cables. 
The  cables,  as  was  seen  in  the  lantern  slide,  were  laid  on 
rollers,  one  end  of  the  cables  being  fixed,  and  .the  other,  as 
I  understand,  being  free.  Fig.  10  (Cable  A)  shows  that  the 
amount  of  expansion  increased  from  the  fi.ved  end  to  a 
point  at  least  two-thirds  of  the  way  along  the  cable.  I 
should  like  to  know  whether  the  cable  expanded  to  an 
even  greater  extent  beyond  that  two-thirds  point.  At  the 
movable  end  it  is  found  that  a  contraction  occurred.  I 
understand  that  that  is  a  contraction  of  the  whole  length  of 
the  cable.  In  the  other  half  of  Fig.  10,  which  refers  to 
cable  B,  a  similar  considerable  effect  is  produced  at  the 
two-thirds  point,  though  of  contraction.  Can  the  author 
give  a  fuller  explanation  of  the  curious  behaviour  of  that 
part  of  the  cable  near  the  movable  end  ?  In  cables  which 
have  been  heavily  overloaded  from  time  to  time  the  lead 
covering  becomes  of  concertina-like  shape  at  the  ends 
where  it  passes  into  the  boxes.  This  proves  that  the  lead 
must  be  shifting  with  respect  to  the  copper  conductors  in 
the  cable.  Plumbers  are  familiar  with  the  similar  effect  of 
lead  pipes  crumpling  on  the  south  wall  of  a  house. 
Probably  many  members  have  noticed  this  crumpling  of 
the  lead  in  concertina  fashion  owing  to  the  alternate 
heating  and  cooling  of  the  pipes.  Would  it  not  be 
possible  to  fix  the  lead  with  respect  to  the  copper  at 
suitable  intervals,  having,  of  course,  due  regard  to  insula- 
tion requirements  ?  This  would  probably  get  over  the 
trouble  due  to  the  lead  breaking  down.  I  see  that  the 
author  fully  appreciates  the  need  for  absolute  exclusion  of 
air  in  power  cables.     The  very  large  fall  of  pressure  that 
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....1  at  the  junctions  of  the  scries  generators. 


No  doubt  Mr.  Highlield  has  considered  that  possibility 
in  connection  with  his  scheme,  but  at  the  present  moment 
I  believe  that  the  voltage  used  is  not  hijjli  enough  to 
warrant  the  4  this  arrangement. 

Mr.  G.  L.  .'.  'OKE  :  In  my  opinion  an  important 

point  in   thi>  pai^nri    i!>  that   the  problems  arc  il 

very  largely  from  the  chemical  .l^pl•cl,  as  diitii.  :e 

electrical  aspect.  In  the  work  that  I  have  been  doing  in 
connection  with  dielectrics,  my  difficulties  have  lately 
been  chiefly  of  a  chemical  nature,  and  there  is  room  for 
a  great  deal  more  work  on  this  aspect  of  the  question. 
The  author  has  referred  to  my  sug^jcslion  of  using  an  elec- 
trostatic wattmeter  to  %how  what  is  going  on  in  the  cable 
up  to  the  breakdown  point,  and  he  also  refers  to  a  paper 
by  HOchstadter,  who  says  that  there  may  be  nothing  to  be 
seen  under  such  circumstances.  Both  statements  are  to  a 
certain  extent  true.  Under  electric  pressure  or  electric 
field  certain  losses  take  place  in  a  cable.  If  the  cable 
is  not  of  first-class  manufacture  and  the  pressure  is 
dou^  '    '  .icceptcd  tlieory  these  losses  ^hould 

be  :  but  actually,  if  with  such  a  cable 

these  losses  ait.  iccoided  by  means  of  a  wattmeter,  it 
will  be  found  that  they  are  increased  more  than  four 
times,  and  as  we  approach  the  breakdown  point  the  ratio 
of  the  increase  will  be  found  to  keep  on  increasing.  Then 
there  is  another  point.  If  we  observe  on  a  wattmeter  what 
is  occurring  in  a  cable,  and  if  we  apply  a  certain  pressure 
9Uid  wait  until  the  wattmeter  gives  a  steady  dellection,  on 
watching  the  deflection  and  maintaining  the  pressure  con- 
stant, It  will  Ix-  Mrrn  that  a  slight  rise  m  the  detlection 
will  occur,  1:  with  time.     That  is  due  to  the  fact 

that    the    eiu  1  paled    in   the   cable  disappears    in 

the  form  of  heat.  Heat  warms  the  cable,  the  dielectric 
has  a  very  big  temperature  coefficient  and  luring  at 
the  same  time  a  bad  conductor  of  heat :  this  leads 
to  more  loss,  and  the  effect  is  cumulative.  Again, 
as  the  pressure  is  raised,  the  more  this  cumulative  ellect 
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heat  diskipated  is  m)  small  that  it  dues  not  raue  the 
temperature  of  Ihc  cable  apprecubly.  Ttui  to  a  certain 
extent  it  a  negative  reiiull  ;  but  it  i»  positive  in  this  way, 
''   .'   if  we  find   we  arc  appioa^t  ; 

:l    the   iHcakdnwii    value   il 


Clear  tlut  we  liave  a  most  ei'  a 

good  wattmeter  there  arc  leM  ,.  ...  ,. .    .   ._.i: 

results  in  testing,  at  any  rate  at  the  higher  pressures  ;  >omc 
increase  in  the  losses  will  almost  certainly  be  < ' 
■  such  increase  is  a  certain  evidence  of  coiiii 

Mr.   C    H.    WoHiiiNi.iiAM  :  The    j.'i  ■  W' 

linnini;  in  the  case  of  rublK-r  cables  :  ' 

!il  quite  recently,  and   it  has   itut    l>ci 
ihe  manufacturers  to  go  fully  into  the  :  .1 

provide  suitable  tinning  plant.  Another  very  imponant 
point  was  that  referred  to  by  Mr.  Sparks,  namely,  the  gieat 
difficulty  of  ascertaining  from  manufacturers  what  is  the 
limiting  temperature  for  different  classes  of  dielectrics.  It 
is  vitally  important  in  some  cases  to  Use  cables  at  a  high 
current  density,  but  we  temperature  is 

permissible  with"!!!  <1;t' 

Mr.  S.   W.   '  .  ;  The  author  Mr 

has  referred  i      .  K.r  the   liislitu-  **" 

tioii  by  mysclt  and  Mr.  booth,  and  in  Fig.  11  he  gives 
curves  shovk'ing  the  temperature  rises  tliat  can  be  obtained 
by  experiment  as  compared  with  those  that  might  l>e 
obtained  by  extra|X>lating  our  results.  I  think  it  will  l>c 
understood  that  in  making  determinations  of  temperature 
rise  for   such  a   p  in    the    Institution 

Wiring    Rules    i(    :  .,ve    Ubles  for    every 

method  on  w!  inav  be  laid.     The  obvi 

IS  tirst  to  invc     „  effect  of  the  different  iiu: ^1 

laying  and  then  to  make  the  series  of  tests  under  standard 
conditions.     These  standard  conditions  must  be  as  nearly 
as  possible  the  same  as  practical  conditions,  and  at  the 
vime  time  should  be  on  the  safe  side  as  :       .    ' 
density.     This  course  was  followed  in  ou: 
1    must  also  join  issue  wit!  >r  in  ic).;.. 

statement  that  the  "slight  di:;  1  the  test  ^ 

.  .  .  does  not  account  for  the  dincrcncc  in  the  temperature 
rise."  During  a  recent  investigation  made  with  cables  sus- 
pended in  air  we  found  the  greatest  difficulty  in  obtaining 
consistent  results  owing   to   the   large   cc>.  '  ^t   ot 

slight  air  draughts.     Had  the  author  tokei.  us  to 

exclv.  ills  I  have  no  doubt  he  would  iiai,  ! 

a  r.r  •  leinper.il'.irc  rise      Tlie  cita  e~    1: 


In  the  hrst  place  I  sliould  like  to  call  attenUoa  to  the  fact 
that  some  mistake  lias  been  made  in  the  calculation  of  the 
curve  in  Fig.  1 2  for  "  lead -covered  cable  according  to  Udaoin 

and  IkMth's  formub  <  =  K  f    J  ."    In  our  paper  on  "  The 
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Heating  of  Cables  with  Current"*  it  was  specifically 
stated  (page  721)  "  that  in  certain  cases — i.e.  single  rubber- 
covered  cables  in  air  and  in  wood  casing  and  paper- 
insulated  lead-covered  cables,  both  single  and  concentric — 
the  connection  between  cross-section  and  current  density 
could   be  fairly   represented   by   a   formula    of   the   type 

; '=  K  (^)  ."    On  page  722  of  that  paper  the  constants  for 

the  various  types  of  cable  were  given,  and  it  was  stated 
that  "  For  concentric  and  twin  cables  the  formulas  are  the 
same  as  for  lead-covered  single  cables  if  S,  the  total  cross- 
section,  is  taken  as  being  both  that  of  the  lead  and  the 
return  conductors."  Thus,  in  view  of  the  fact  that  the 
investigations  from  which  these  formula;  were  derived  did 
not  extend  to  3-core  cables,  it  was  not  even  claimed  that 
the}'  could  be  successfull}-  applied  to  such  cases  ;  but  if 
they  are  applied,  the  results  obtained  will  be  very  different 
from  those  shown  in  Fig.  12.  In  the  absence,  however,  of 
any  particulars  of  the  dimensions  of  the  cable  used,  it  is 


Curve  I. — 660-volt  cable. 

Cross-section,  8  =  3  x  o'l  sq.  in.  (3-core  o"i  sq.  in.). 
Outer  diameter,  D  ^  i'44  in., 

D/S=4-8;  (D/S^-s  =  2-19, 

and  using  the  constants  given   in    our  paper  (page  722), 

the  current  density  for  a  temperature  rise  of  20°  F. 

=  429  X  2-19  =  940, 
the  current  density  for  a  temperature  rise  of  30°  F. 

=  536  X  2'i9  ^  1,180, 
the  current  density  for  a  temperature  rise  of  50°  F. 

=  688  X  2'i9=  1,510. 
Curve  2. — 6,600-volt  cable. 

Cross-section,  8  =  3  x  o'l  sq.  in., 
Outer  Diameter,  D  =  1740  in., 
(D/S)''-=  =  2-4i, 

and  multiplying  this  number  by  the  same  constants  as  for 
the  660-volt  cable  the  current  densities  for  temperature 
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Fig.  a. 

(i)  Lead-covered  paper-insulated  (66o-volt>  cable  from  formulae  (above  SC^F.  by  assuming  square  law  :  /«  i-"). 

(2)  Lead-covered  paper-insulated  (6,600-volt)  cable  from  formulae  (above  50° F.  b}'  assuming  square  law  :  t-x.  i2). 

(3)  Cur\*e  stated  in  Mr.  Beaver's  paper  (Fig.  12)  to  be  drawn  according  to  formula 

(4)  3-core  3,000-voU  cable  laid  direct,  by  German  (1907)  tables. 

(5)  By  Aptand  Mauritiusformiilal   \  =  ^ -^  I  as  given  by  Mr.  Beaver. 


D-(S)'] 


(0)  From  Mr.  Beaver's  test :  Steel-armoured  cable  laid  direct. 
(7)  From  Mr.  Beaver's  test  :  Laid  solid  in  wood  troughing. 


not  possible  to  do  more  than  suggest  an  explanation  of  the 
discrepancy  ;  but  apparently  the  author  has  taken  8,  the 
cross-section,  as  being  that  of  one  conductor  only,  i.e. 
o'l  sq.  in.,  whereas,  by  proper  analogy,  the  formulae  require 
that  it  should  be  the  sum  of  the  three,  i.e.  0*3  sq.  in.  In  the 
curves  herewith  (Fig.  A)  I  give  the  values  so  calculated 
by  this  use  of  the  formulae,  for  a  660-volt  and  a  6,600- 
volt  paper  -  insulated  plain  lead  -  sheathed  cable.  The 
dimensions  of  these  cables  were  taken  from  Messrs. 
Glover's  list,  and  either  of  them  would,  I  presume,  come 
within  the  definition  given  by  the  author — "  moderately 
heavily  insulated  3-core  cable."  The  curves  are  calculated 
for  a  rise  of  temperature  up  to  50°  F.,  thus  : — 

•  Journal  J.E.E.,  vol.  47,  p.  711,  191 1. 


rises  of  20°  F.,  30°  F.,  and  50"  F.,  are  1,030,  1,290,  and  1,660 
respectively.  In  both  cases  the  values  above  50°  F.  were 
obtained  by  assuming  a  square  law,  that  is  to  say,  tcci'. 
As  I  mentioned  before,  however,  it  was  clearly  stated  that 
the  formuL-E  given  in  our  paper  applied  only  to  cables 
under  conditions  such  as  would  be  met  with  in  internal 
wiring.  Mr.  Beaver  points  out  that  the  Institution  figures 
do  not  apply  to  underground  cables,  and  therefore  no 
comparison  ought  to  be  made  between  my  Curves  i  and  2 
and  the  results  obtained  by  the  author  with  cables  which 
were  presumably  laid  in  the  ground.  The  main  point  of 
interest  in  the  author's  Fig.  12  is  the  large  difference 
between  the  results  that  he  gives  as  "from  tests"  and 
those   obtained    by   other   observers   from    Dr.    Kennelly 
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.  ..A.  ...  The  aullior  quotcn  Mc!u>r!>.  Apl  and  Muurititi^, 
liul  !>iiii.-c  Dr.  Apt  u^rcnl,  viiiic  lime  after  tlic  pulthcatioii 
o(  hi>  results,  tli.it  the  furinula  of  Kciiiiclly,  •'>  u-icd  by 
TcicliiiiiJllcr,  was.  more  nearly  correct,  a  Ix-tter  conipariMJii 
is  given  by  Curve  4  in  Fig.  A  herewith  in  which  i  have 
plottc<i  the  \Mlues  fur  a  3>core  cable  laid  direct  in  the 
ground  according  to  the  (•erinan  (i>>i>7)  tabte>.*  Tbo 
matter  is,  in  view  of  the  invcsli};.itii>ii>  now  in  projjress  on 
the  heatiiifi  of  buried  cables,  of  ({real  iiiteiesl.  A  lar^e 
nunilnrr  of  tests  are  Ikmii^j  made  under  severely  practical 
conditions,  and  it  would  be  of  very  (treat  assistance  to  the 
Institution  Sulvcommittce  if  the  author  in  his  reply  to  tlie 
discussion  would  give  fuller  pitrticulars  of  his  tests,  such  as 
the  dimensions  of  the  cables,  particulars  of  the  covennjjs 
and  their  thermal  constants,  the  depth  at  which  his  cables 
were  laid,  the  amount  of  moisture  in  the  soil,  the  time  over 
which  the  te^ts  evleiided,  the  .ippar.itus  used,  and  the 
methods  of  ■  '  1. 

Mr.  ].  S.  Hi  i^communuaUii}  :  I  am   particularly  . 

interested  in  the  author's  description  of  the  work  thathas 
been  done  on  single-core  cables  for  very  high  pressures.  It 
will  be  very  interesting  to  see  what  practic;il  progress  is 
made  in  the  next  few  years  with  inter-sheath  cables.  It 
appears  to  me  tliat  the  100,000-volt  cable  illustrated  in 
Fig.  6  must  be  a  costly  cable  to  manufacture  and,  owing  to 
its  large  diameter,  to  lay  and  properly  protect.  Without 
knowing   the  actual   cost   it   is   impossible   to   reach   any 
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Continuous    current    ioo,ooo-\'olt  caUe 
Fig.  B. 

definite  conclusion  as  to  the  probable  extent  of  the  use  of 
these  cables,  but  I  think  that  except  in  very  special  circum- 
stances where  the  amount  of  power  and  the  distance  to  be 
covered  are  unusually  large,  such  cables  will  not  be  used 
except  to  connect  up  overhead  lines.  It  seems  to  me  that 
in  such  cases  as  the  above  the  supply  should  be  given  by 
means  of  overhead  mains,  and  that  if  underground  cables 
arc  necessary,  a  continuous-current  supply  would  produce 

•  E.UktToU<kniickt  ZtilKkn/l,  voL  J8,  p.  114.  1907. 

Vol.  53. 


in  thckc  special  ciro«iii»(afK«—  brtJrf  rrMdts  th»n  sMftnstiiig  Mi 
current,      ilu  * 

iiating  curreni  ,  t 

t>e  txrtter  illustrated  tlun  by  the  accompanying  diagrams 

(Fig.   Hi,  one  of  which  is  a  lulf-uxc  r '■    <>i  the 

cable  shown  in  Fig.  b,  and  the  other  a  :  .1  of  a 


.lid     IIIL-    ' 

.  10  notice  ; 
only  metal  that  matters.      Aluininiuin  is  .1 
electric  cables  on  quite  a  large  scale.     I  nu  ^. 


•  the 
I  for 
u«cd 


It  for  low-tension  work,  both  as  single  core  and  alsu  in  Ihc 
form  of  triple-concentric  cables.  Of  course  .1  '  '  1 
joint  cannot   l>e  made,  but   I   have  found  no  d.  . 

!oal  joint  at  1: 
i  iblcs  is  of  coi.  t 

oi   the  concentric  cables.     At   the  prices  ruling   last   year 
low-tension  aluminium  cables  with  cores  of  half  an  inch 
and  upwards  arc  about  20  to  25  per  cent  cheaper  than  the 
equivalent  copper  cables.     They  are  also  somewhat  ca-icr 
to    handle    than    copper    cables   owing    to   their    siii  ...'  : 
weight.     I  have  worked  out   no  ligures,  but  in  cases  w 
It  is  necessary  to  increase  the  areas  of  the  cores  of   ' 
pressure  cables  for  electrostatic  reasons,  as  dc- 
the  author,  I  think  in  all  probabihty  aluminium  ^. 
cheaper  than  copper,  as   the   greater  bulk   of   the   metal 
would    be   an   advantage   and   might  obviate   the    use   of 
the  lead  core. 

Mr.  E.  T.  DMivtK  {iommunHitUil) :  The  author  has  con-  Mj  Unicr 
fined  his  paper  almost  entirely  to  the  consideration  of  c.ible 
dielectrics,  the  core  itself  not  receiving  much 
Formerly,  the  only  available  material  for  the 
copper,  but  a  serious  rival  has  now  arisen  in  aluminium. 
On  page  58  the  author  states  tliat  for  pressures  of  50  to  100 
kilovolts  the  size  of  conductor  is  fixed  by  the  formula 
r=  V/S,  where  V  is  the  working  voltage,  S  the  permissible 
maximum  stress  in  the  dielectric,  and  r  the  radius  of  the 
conductor.  For  a  given  value  of  r  an  aluminium  con- 
ductor will  have  a  conductor  weighing  but  one-third  the 
weight  of  the  copper  c.ible  with  the  same  v.due  of  r,  and 
consequently,  since  the  cost  of  the  dielectric  will  be  equal 
in  both  cases,  the  cost  of  the  aluminium  cable  should  be 
much  lower  than  that  of  copper.  For  instance,  with 
copper  wire  at  the  present  price  of  7fd.  per  lb.  and 
aluminium  at  11^.  per  lb.,  there  would  be  a  saving 
of  50  per  cent  on  the  cost  of  the  core,  and  it  must  be 
noted  that  the  price  of  copper  is  very  low. 
this  to  the  cable  shown  in  Fig.  3,  page  59,  the  -  . 
the  core  will  amount  to  about  £^-j  per  mile.  If,  on  the 
other  liand,  it  is  desirable  to  have  equal  conductance  in 
both  cases,  then,  as  is  well  known,  aluminium  having 
but  60-61  per  cent  conductivity  compared  with  copper,  its 
diameter  will  be  al>out  n.)  per  cent  greater  than  that  of 
copper  of  the  same  conductance.  In  this  case,  how  ever, 
the  weight  of  aluminium  will  be  half  tliat  of  copper, 
giving  a  saving  of  only  ^'21  per  mile.  With  this  must  tie 
reckoned,  however,  the  saving  on  the  smaller  size  of  lead 
core  (referring  to  the  cable  sliown  in  Fig.  3,  the  type  pre- 
ferred by  the  author).  Keeping  the  same  outer  radius  for 
the  core,  the  aluminium  equivalent  will  be  120147  io-. 
giving  the  inner  lead  tul>e  a  diameter  of  0406  1 
of   053()   in.   as   previously.      Assuming   that    i; 
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reasons  require  the  s;»mc  ratio  of  internal  to  external 
diameter  of  the  lead  tube,  the  bore  will  now  be  0-194  '"•■ 
so  that  taking  lead  at  .^iS"5  per  ton  there  will  be  a 
saving  of  £?!(>  per  mile  on  the  lead,  or  a  total  of  X37  per 
mile  on  the  complete  cable,  since  the  dielectric  is  the  same 
in  both  cases.  With  cables  for  low  voltages  llie  area  of  the 
conductor  is  calculated  more  from  a  consideration  of  the 
transmission  and  distribution  economy  than  from  dickctiic 
stress.  Consequently  the  cross-section  of  an  aluminium 
core  must  be  based  upon  an  equal  conductance  to  a  given 
copper  core,  with  the  result  that  as  above  mentioned  the 
diameter  of  the  aluminium  core  will  be  about  29  per  cent 
greater  than  that  of  the  copper  core.  The  core  itself  will 
be  much  cheaper  than  the  equivalent  copper  core,  but  the 
cost  of  the  extra  insulation,  owing  to  the  increased  diameter, 
will  offset  this  saving  to  some  extent.  It  must  be  borne  in 
mind,  however,  that  for  a  given  dielectric  stress  in  both 
cables,  the  greater  diameter  of  the  aluminium  core  necessi- 
tates a  thinner  dielectric  than  would  be  necessary  for  the 
copper.  Thus  the  extra  cost  of  the  dielectric  is  not  so 
great  as  would  appear  at  first  sight,  and  in  all  cables  of 
section  over,  say,  o'l  sq.  in.,  aluminium  should  show  a 
distinct  economy  over  copper  cables  of  a  similar  class. 
This  saving,  of  course,  becomes  more  apparent  the  larger 
the  cross-section  of  the  core,  as  the  cost  of  the  conductor 
is  then  a  greater  proportion  of  the  total  cost  of  the  cable. 
Hence  low-tension  railway  feeders  and  similar  cables  offer 
every  inducement  for  the  employment  of  aluminium.  As  an 
example,  a  recent  aluminium  paper-insulated  double-lead- 
covered  low-tension  cable  of  i'3  sq.  in.  cross-section  showed 
an  economy  of  14  per  cent  over  the  equivalent  copper  cable, 
or  about  ;^ii5  per  mile.  In  the  footnote  on  page  71  the 
author  passes  somewhat  lightly  over  an  important  point. 
The  fact  that  rubber  and  similar  materials  have  no  action 
on  aluminium  obviates  the  extra  cost  of  tinning  required 
in  connection  with  copper  cables.  Moreover,  with  this 
class  of  insulation,  the  tendency  for  the  core  to  decentralize 
is  very  considerably  decreased,  since  the  intensity  of  the 
mechanical  pressure  on  the  dielectric  is  with  an  aluminium 
core  only  two-fifths  of  that  with  a  copper  core  of  equal 
conductance.  The  ratio  of  tensile  strength  to  weight  for 
equal  conductance  is  273  to  i  for  aluminium  and  copper, 
which,  making  due  allowance  for  the  weight  of  the  e.\tra 
insulation  with  the  former  cable,  still  leaves  a  considerable 
margin  in  favour  of  the  lighter  metal,  thus  rendering  the 
handling  and  the  installation  of  such  cables  for  mine  work 
much  easier  and  cheaper,  and  the  cables  themselves  much 
stronger.  The  heating  of  cables  is  mentioned  by  the 
author,  but  again  no  mention  is  made  of  aluminium  cables. 
The  greater  diameter  of  the  latter  gives  a  greater  radiating 
surface,  with  a  resultant  lower  temperature  rise  for  any 
''iven  load.  Thus  for  any  specific  rise  of  temperature 
(which  is  the  limiting  factor  in  many  installations)  it  is 
possible  to  work  aluminium  cables  at  a  relatively  much 
higher  current  density  than  is  the  case  with  copper. 
Experiments  show  that  an  aluminium  cable  of  equal 
conductance  to  a  given  copper  cable  will  carry  about 
14  per  cent  more  current  than  the  latter  with  the  same 
rise  in  temperature.  Conversely,  calculating  the  section 
on  considerations  of  temperature  rise,  an  increase  of  42-45 
per  cent  in  the  section  of  a  copper  cable  will  place  the  two 
cables  on  an  equal  basis,  instead  of  the  64-66  per  cent 
rendered    necessary    by   considerations   of   conductance. 


This  will  still  further  increase  the  economy  of  the  Mr. 
aluminium  cable.  A  disadvantage  of  aluminium  is  its 
higher  temperature  coefficient  of  expansion,  but,  as  the 
author  points  out,  expansion  is  only  of  consequence  at 
bends  and  joints,  and  careful  attention  to  these  points 
during  installation  should  cause  no  trouble  from  this  fact. 
On  the  whole  it  would  therefore  appear  that  the  subject  of 
.•iluminium  cables  should  not  be  overlooked  by  engineers 
responsible  for  the  installation  of  cables  of  any  de- 
scription. 

Mr.  C.  J.  Beaveu  (//;  nfly)  :  I  attach  a  very  high  value  Mr. 
to  the  remarks  which  Dr.  Russell  has  made  on  the  first 
part  of  the  paper  dealing  with  the  inter-sheath  type  of 
cable.  I  feel  that  appreciation  from  him  is  appreciation 
indeed,  because  he  is  the  founder  of  most  of  the  concep- 
tions on  which  all  work  of  this  type  is  based.  I  am  also 
gratified  to  learn  of  his  conversion  to  the  inter-sheath  type 
of  grading,  and  to  know  that  this  was  due  to  Mr.  L.  B. 
Atkinson,  to  whom  I  am  indebted  for  much  direct  and 
indirect  help  and  encouragement.  Dr.  Russell's  remarks 
in  regard  to  capacity  or  charging  current  have  a  vital 
bearing  on  the  practical  utility  of  the  inter-sheath  type  of 
cable.  It  may  be  of  interest  in  connection  with  his  state- 
ments as  to  the  distribution  of  the  capacity  current  in  the 
component  parts  of  the  cable  to  mention  the  currents  at 
the  working  pressure  of  100  kilovolts,  50  r\j,  for  the  cable 
illustrated  in  Fig.  6. 

Charging  current  per  mile  (a)  in  conductor  ...  39  amps. 
(6)  in  inter-shcath  ...  7-4  amps, 
(c)  in  lead  sheath  ...  ii'3  amps. 

Dr.  Russell  referred  at  some  length  to  the  limitations  of 
length  which  are  imposed  by  considerations  of  the  per- 
missible capacity  current,  and  to  the  method  explained  to 
him  by  Mr.  Atkinson  for  feeding  the  capacity  currents  into 
the  cable  at  intervals.  In  this  connection  it  may  be 
interesting  to  note  that  the  thin  lead  inter-sheath  shown  in 
Fig.  6  will  safely  carry  the  charging  current  necessary  for 
more  than  three  miles  of  that  cable  when  such  current  is 
fed  from  one  end  only.  When  fed  from  both  ends  this 
distance  would  be  doubled.  In  alternating-current  cables 
this  feeding  of  capacity  currents  at  intermediate  points  on 
long  lengths  could  be  conveniently  accomplished  by  com- 
pensator coils  connected  between  the  main  conductor  and 
the  lead  sheath,  each  tapped  at  a  suitable  point  for  con- 
nection to  the  inter-sheath.  Naturally,  however,  the  use 
of  such  cables  will  be  restricted — at  least  for  a  long  time 
to  come — to  places  where  it  is  absolutely  necessary  to  use 
insulated  cables  in  conjunction  with  bare  overhead  lines  ; 
for  instance,  in  station  connections  or  en  route  in  a  trans- 
mission line ;  so  that  the  consideration  of  intermediate 
feeding  is  perhaps  in  the  nature  of  a  glimpse  into  the 
distant  future. 

In  reply  to  Mr.  Rayner,  the  inter-sheath  type  of  cable  is 
not  yet  in  use  anywhere,  but  it  has  satisfactorily  passed 
through  the  difficulties  of  the  manufacturing  stage  of  its 
existence.  The  form  of  hollow  conductor  illustrated  in 
Fig.  3  has  been  used,  and  is  regarded  as  a  preferable 
construction  for  the  following  reasons  ; — The  inner  lead 
tube  affords  a  smooth  cylindrical  surface  on  which  to 
strand  the  copper  wires.  The  outer  lead  tube  offers  a 
smooth  surface  to  the  dielectric  in  place  of  the  serrated 
surface     of     the     copper     conductors.      The     electrical 
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adv4i)ta^s  o(  tube   have   long   ht^cii 

known*     In  llic   tiollviw    lul»c  loiin  at    cunduct 
tlic  additional  advaii(.it;c  that  it   niccluiiKMlly   i' 
the  other  com^vjucnt  \\uM  o(  the  conductor  so  that  the    | 
whiJe  iiuv  be  l>ciil  repeatedly   without  appreciably  dc- 
p.utiiii>  Iron)  Its  cylindrical   !>h.ipe,  wherea^   in   the   (orni 
(  ■    l»y    Mr.     Kayner,   the   soft    material— p.tper  or 

•NiaiiCf — vvmild    he    liable   to   (li>toriioii  durin|; 
!  whin    Mibjictcil    to   rou^h 

-••>talic  ^tlc^M■^  this  would  be    | 
V(  I  v  ilcli  nncntal. 

W'lih  ic);ard  to  practical  iiiethodsi  of  lixiiiR  the  potentials 
of  the  intenncdiate  sheaths,  the  most  convenient  method 
(or  allcrii.iliULicurrent  cables  will  l>c  by  Upping  the 
>upv'\  inn-iiMntcr  windings  at  points  determined  by 
:  For   CO!.  lit   cables 

'I    from  on    the 

ic  iiiaiiis.    Alterna- 

1  .    .    '•♦ 

With  reference  to  Mr.  Kayner  s  remarks  on  the  subject 

of  (orccA:Uint>  the  breakdown   point  of  cables,  1   certainly 

Jid  not  intend  to  convey  that  the  incrcasin)*  values  of 

■;   current    shown   by  Mr.  Rayner's  experiments 

ctiv   due   to  alterations   of   the  ca|>acity  of  the 

1    would    have  been   absurd. 

is  read  in  coninncti"n  with 

.'c  seen  that  1  was  ^irc  thcr    ' 

f  general  lindinjjs  of  Mi.  >okc 

.ind    Mr.   Kayner,  and  contrasting  them    with    those  of   1 

.  It-chsladter  on   the   other.     Mr.   Addenbrooke's  results,   ; 

II.  licated    by   his   wattmeter   re.idings,   were   due   to   the 

ellcct   of   temperature  on  the  capacity  of  the  dielectric, 

and  Mr.  Rayner's  continuous-current  readings  were  also 

■  on  the  temperature  rise,  although  they  .tctually 

^  ..icd    with    the   fall   in   ohniic   resistance   of   the 

dieiectric.     The  point  which  I   tried   to  convey  was  tliat 

the  properties  of  dilTereiit  insulators  possibly  had  some 

l>earing  on  the  divergence  of  results  obtained.      I   can 

assure  Mr.  Rayner  that  the  test  conditions  and  the  insu- 

l.ition-resistancc  values  of  the  material  at  even  the  higher 

temperatures  were  such  that  it  was  impossible  for  Curve  i 

111  Fig.  i>  to  l>e  affected  in  the  way  that  he  suspects. 

1  am  afraid  that  the  information  asked  for  by  Mr. 
Rayner  as  to  I  he  components,  proportions,  and  properties 
L'f  insulating  materials  used  in  cable  nianuf.icture  would 
entail  a  separate  paper,  which  would  hardly  be  of  general 
interest.  Much  of  it  has  already  been  published,  though 
perhaps  not  in  the  collated  form  which  Mr.  liavner 
desires. 

I  should  like  to  correct  the  impression  which  Mr.  Hunter 
appears  to  have  gathered,  that  the  paper  recommends 
single-core  cables  for  more  or  less  ordinary  pressures.  The 
limiting  factor  of  vi-'ore  construction  will  be  the  diameter  of 
the  cable,  and  references  to  single-core  construction  will 
therefore  only  apply  to  50  to  100  kv.  cables.  The  single-ccNc 
inter-shcath  cable  shown  in  Fig.  6  illustrates  this  point.  The 
cable  is  just  over  3  in.  in  diameter,  and  is  designed  for  a 
working  pressure  of  100  kilovolts.  It  is  perhaps  larger  than 
would  ultimately  be  used,  being  designed  with  a  factor  of 
safety  of  about  2J. 

I  am  very  gl.ul  to  have  Mr.  Hunter's  practical  criticism 
of  this  cable  from  the  user's  point  of  view.     From  what  I 
•  See  i>aj;e  58.  ♦  See  page  do. 
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1  quite  agree  with  Proh 

physical  tests  on  rubl>er ^  .   .   : 

much  more  usefully  employed  as  a  check  on 

a  given  grade  of  material  than  as  a  means  of  <: 

between  materials,  especially  if — as  is  the  case 

they  .1' 

not  n>. 

lence.     1  ain  .it raid  1  caiiiiul  a^ 

can  yet  be  relied  upon  to  give  i  < 

able  from  hard  tine  Fara  in  commercial  practice,  although, 

as  stated   in  the  paper,  such  equality  will  no  doubt   be 

ultimately  attained.    That  I  am  not  alone  in  my  opinion  is 

evident  from  the  fact  that  raw  hard  line  ■'  cral 

pence  per  pound  more  than'the  best  gi  .ion 

rubber,  in  spite  of  the  fact  that  it  contain!.  -re 

loses  during  its  preparation  for  use — nearly  2  :  oi 

moisture,  as  compared  with  i^  or  2  f>er  cent  in  the  case  ol 

plantation  rubbers. 

With  regard  to  the  difficulty  of  distinguishing  with  cer- 
tainty between  "  good ''  and  "less  good"  rubber-insulated 
cable,  1  can  assure  Mr.  Raphael  that  nobody  would  more 
heartily    welcome    a    simple    method    of    differ  > 
between  them  than   the   British  cable  m.ikor.      1 
remains,  however,   that   the   only    metl 
is  analysis  by  a  manufacturing  expert,  \ 
reasons  is  of  restricted  practical   use.  or  reliance  on   the 
recently  introduced   practice  of  identitication  by  having 
(he  manufacturer's  name  printed  on  the  ta|>e.    An  inter- 
mediate course  is  to  adopt  a  specification   which  will  take 
care  of  a  few  vital  points  that  are  cap.ihle  of  Ix-iiii;  checked 
by  a  few  simple  operations.     It  i^ 
this  course  is  only  open  to  large  .. 

knpwledge  that  most  specifications  01  tins  i^uui  are  capable 
of  Ix-ing  complied  with  in  the  letter  and  evaded  in  the 
spirit  by  an  unscrupulous  manufacturer.     Mr.  Raphael  has 
rather  misinterpreted   my  general   statement   as    to    the 
superficial  action  of  all  the  types  of  deterioration  referred 
to  in  the  paper.     No  reference  was   made    to  ^ 
rubber  ;  what  I  intended  to  convey  w;is  that  m  .1 
Briti>li  cable,  with  all  other  c 
ness  would  last  longer  than  .1 
deteriorating  influences  were  superncial  in  t 
therefore  in  their  primary  effects.     It  is  tl 
the  surfaces  become  affected,  they  resist  the  detcnorating 
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Mr.  Beaver,  influences  Icss,  and  consequently  tlie  action  penetrates 
further.  The  complete  chanj;e  to  a  hard  and  brittle  con- 
sistency in  a  short  time  to  which  Mr.  Kapliael  refers 
may,  in  a  cheap  foreign  cable,  simply  mean  tliat  the 
chief  deteriorating  inlluences  are  unsuitable  ingredients 
in  the  rubber,  such  as  rubber  "  substitutes."  This,  how- 
ever, along  with  questions  on  the  relation  of  "grade"  to 
life,  and  the  behaviour  of  rubber  under  bad  conditions  of 
installation,  are  raliicr  outside  the  scope  of  the  paper. 

Mr.  Raphael's  anticipations  of  risks  in  the  practical  use 
of  the  inter-shcath  cable  at  high  voltages  are  largely  based 
on  the  assumption  with  which  I  have  already  dealt,  namely, 
that  very  long  lengths  would  be  used.  From  my  replies 
to  previous  speakers  it  will  be  clear  that  the  inter-sheaths 
normally  only  carry  charging  currents,  and  tliat  there  is  no 
likelihood  of  melting  them  under  such  conditions.  As 
regards  the  condition  of  breakdown  or  incipient  break- 
down, he  has  apparently  not  had  in  mind  the  use  of 
protective  devices,  such  as  the  Mcrz-Price-Hunter,  which 
would  most  certainly  be  used.  Nor  does  he  apparently 
appreciate  that  the  cable  illustrated  in  Fig.  6  is  designed 
at  such  a  low  maximum  stress  that  half  the  dielectric  would 
support  the  total  working  pressure  for  a  considerable  time 
at  least,  so  that  a  total  breakdown  would  be  a  rather 
remote  contingency.  In  addition,  there  is  the  valuable 
feature  mentioned  in  the  paper,  that  the  individual  sections 
of  the  dielectric  are  capable  of  being  separately'  tested, 
which  must  constitute  a  considerable  safeguard  against 
an}'  incipient  tendency  to  breakdown.  In  reply  to  Mr. 
Raphael's  question  as  to  the  tendency  of  the  inter-sheath 
cable  to  flatten  on  the  drum,  my  experience  with  i5o-yard 
lengths  shows  that  such  tendency  is  practically  absent.  It 
must  be  remembered  that  the  conductor  is  specially  made 
non-collapsible,  as  shown  in  Fig.  3,  and  that  the  paper 
layers  are  tightly  wound  on  and  the  outer  lead  sheath 
closely  applied.  I  am  glad  to  have  Mr.  Raphael's  approval 
of  the  "  test  sheath  "  described  in  the  paper,  and  in  reply 
to  his  warning  as  to  its  thickness,  would  inform  him  that 
the  thickness  used  is  such  as  practical  experience  has 
demonstrated  to  survive  not  only  manufacturing  operations, 
but  also  the  severest  methods  oflaying,  including  drawing 
into  ducts  by  traction  engines,  and  hauling  across  rivers  by 
steam  winches.  The  sheath  is  usually  in  the  form  of  a 
copper  tape. 

With  regard  to  Mr.  Raphael's  remarks  on  the  subject  of 
overheating  paper  and  its  effect  on  electrical  properties, 
my  own  early  experience  in  the  manufacture  of  dry-core 
cables  tends  to  confirm  his.  In  fact,  my  original  draft  of 
the  paper  contained  the  following  sentence  :  "  True,  the 
case  of  the  dry-core  telephone  cable  appeared  to  lend 
colour  to  the  idea,  but  ...  it  is  doubtful  whether  any 
undeniable  proof  was  ever  established."  My  own  theory 
was  that  the  decomposition  of  the  fibrous  structure  whicli 
undoubtedly  occurred  caused  shrinkage  and  less-contmuous 
contact  of  the  fibres  and  of  the  paper  surfaces,  and  con- 
sequently led  to  alterations  in  the  apparent  electrical 
values  which  were  not  due  to  the  material /)(,t  sc". 

In  reply  to  Mr.  Brooking,  the  matter  of  mechanical  and 
chemical  protection  of  cables  has  received  so  much  atten- 
tion elsewhere,  that  it  seemed  superfluous  to  deal  with  it 
in  the  paper.  With  regard  to  his  question  as  to  the  insu- 
lation resistance  of  rubber-insulated  cables,  iny  point  was 
that   high-grade   rubber   dielectrics   designed   purely   for 


electrical  properties  will  show  practically  the  same  insu-  Mr.  1 
lation  resistance  on  re-test  after  a  further  24-  or  48-hour 
immersion  as  after  the  ilr.st  24-hour  immersion,  whereas 
dielectrics  of  similar  grade  as  regards  rubber  content,  but 
very  slightly  niodilied  as  regards  vulcanizing  ingredients 
(with  the  object  of  attaining  maximum  physical  properties), 
will  show  a  considerable  fall  in  insulation  resistance  under 
similar  conditions  of  test.  The  reasons  for  this  difference 
are  discussed  in  the  paper. 

I  note  that  Mr.  Sparks  is  in  agreement  witli  me  as 
to  the  general  desirability  of  making  joints  in  lead- 
covered  cables  as  niucii  like  a  specially  reinforced  part 
of  the  cable  as  possible,  but  that  he  does  not  follow  me 
to  the  extent  of  eliminating  the  element  of  variable  work- 
manship by  the  use  of  porcelain  separators  in  the  place 
of  insulating  wrappings.  I  can  only  say  that  the  type 
of  joint  illustrated  in  Fig.  14  has  been  evolved  by  a 
process  of  elimination  of  features  which  a  long  scries  of 
experiments  have  shown  to  be  undesirable.  In  my 
experience,  pressures  of  50  to  100  kilovolts  necessitate 
different  details  of  design  from  those  which  are  good 
enough  for  lower  pressures,  on  account  of  concentration 
of  electrostatic  stress  combined  with  the  possible  exist- 
ence of  weak  paths  along  wrappings  of  insulating  materials. 
With  regard  to  the  filling  of  joints  by  the  vacuum  process, 
I  abandoned  both  vacuum  and  pressure  processes  several 
j'ears  ago  in  favour  of  filling  under  atmospheric  pressure 
by  means  of  a  jacketed  funnel  left  in  position  and  kept 
warm  during  the  cooling  down  of  the  joint.  The  head 
of  hot  compound  in  the  funnel  ensures  that  all  gases  or 
trapped  air  are  expelled  during  the  cooling  process, 
whereas  a  vacuum  tends  to  produce  gases,  and  pressure 
is  liable  to  cause  them  to  be  occluded. 

I  quite  agree  with  Mr.  Sparks  that  very  high-pressure 
transmissions  will  be  carried  out  by  overhead  lines  ;  I 
would  go  further  and  say  that  when  in  conjunction  with 
such  lines  it  is  necessary  to  use  insulated  cables,  the 
alternative  of  stepping  down  to  voltages  whicli  will  not 
necessitate  the  use  of  graded  cables  will  be  seriously 
considered.  At  the  same  time-  I  would  point  out  tliat 
pressures  of  100  kilovolts  have  been  recently  referred 
to  by  Messrs.  Merz  and  McLellan  in  their  Report  on 
London  Electricity  Supply,  and  by  Dr.  Klingenberg  in 
his  address  to  the  Institution  last  year,''=  as  being  already 
within  commercial  range.  It  is,  I  think,  made  clear  in 
the  paper  that  grading  of  some  kind  would  be  necessary 
under  these  working  conditions,  and  also  that  tlie  inter- 
sheath  method  of  grading  provides  the  best  practical 
solution  of  the  insulated-cable  difficulties  appertaining 
thereto. 

In  reply  to  Mr.  Sparks'  questions  as  to  the  impregnation 
of  paper  before  application  to  the  cable,  I  evolved  this 
method  some  17  years  ago  for  reasons  which  had  reference 
to  uniformity  of  impregnation  and  general  precision  in 
manufacture.  It  has  given  perfectly  satisfactory  results 
ever  since.  The  electrical  characteristics  are  quite  equal 
and  in  some  respects  superior  to  those  obtained  by  the 
more  common  method  of  impregnating  the  whole  cable 
after  application  of  the  paper. 

With  regard  to  the  limits  of  temperature  rise,  to  which 
Mr.   Wordingham   also  made   reference,   my  view   is,   as 

*  G.  Klixgexberg.  Electricity  supply  of  large  cities.  Journal 
I.E.E.,  vol.  52,  p.  123,  1914. 
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Mr.  IWivtr.  discussed  cisewlicre,  my  view  is  that  the  question  of  tlic 
use  of  aluminium  as  a  conductor  for  insulated  cables  may  be 


left  lo  settle  itself  ;uiloni:itically  as  economic  and  practical  ^^r.  Ht: 
considerations  diLtate. 


Manchester  Local  Section,  17  November,  1914. 


Pioicssor  Professor  E.  W.  Marchant  :  In  the  past  the  com- 
iiaiciuni.  plaint  has  sometimes  been  made  that  cable  makers  will  not 
give  any  information  in  regard  to  defects  in  cables,  and 
particularly  about  the  methods  of  overcoming  defects. 
This  is  not  true,  however,  in  the  present  instance.  The 
author  points  out  what  defects  are  likely  to  occur  in 
a  particular  cable,  and  he  even  goes  so  far  as  to  ex- 
plain how  a  great  deal  of  the  trouble  that  is  sometimes 
experienced  with  a  vulcanizcd-bitumen  cable  can  be 
avoided.  With  regard  to  the  dielectric  stress  in  a  high- 
tension  cable,  the  author  states  at  the  beginning  of  the 
paper  that,  to  get  the  best  results,  the  ratio  between  the 
outer  and  inner  diameters  should  be  €,  the  base  of  natural 
logarithms — that  is  to  say,  the  outer  diameter  should  be 
approximately  27-2  times  the  inner  diameter.  The  author 
no  doubt  knows,  but  I  think  it  is  not  general  knowledge, 
that  under  those  conditions  there  is  no  possibility  of  a 
corona  being  formed  in  the  interior  of  the  cable.  If  we 
consider  a  concentric  cable  with  a  very  thin  core  in  which 
.the  ratio  between  the  outer  and  inner  diameters  is  greater 
than  2'72,  we  find  that  bj'  increasing  the  diameter  of  the 
inner  core  we  diminish  the  maximum  stress  on  the 
dielectric  of  the  cable.  That  leads  to  this  result,  that  if  the 
innermost  part  of  the  cable,  that  is,  the  part  round  the 
inner  core,  where  of  course  the  dielectric  stress  is  greatest, 
is  broken  down,  the  effect  of  such  breakdown  is  to  destroy 
the  dielectric  and  to  form  w'hat  is  equivalent  to  a  cable 
of  larger  diameter,  so  that  there  will  be  less  stress  on  the 
dielectric  than  in  the  case  of  the  core  with  the  smaller 
diameter.  Such  a  cable,  when  a  corona  has  been  formed, 
would  not  last  ver}'  long,  as  the  chemical  products  formed 
by  the  corona  discharge  would  very  probably  attack  the 
remainder  of  the  dielectric.  I  should  like,  however,  to  ask 
the  author  whether  there  has  been  any  indication  that  the 
breakdowns  described  on  page  63  were  not  due  to  the 
formation  of  a  corona  inside  the  lead-sheathed  cable. 
Another  point  is  the  electrolytic  action  that  sometimes  takes 
place  when  bitumen  cables  break  down.  I  have  before 
referred  to  a  case  which  came  under  my  own  observation 
some  5'ears  ago  in  connection  with  a  bitumen  cable.  The 
negative  cable  broke  down  ;  the  friable  substance,  which 
the  author  referred  to  as  occurring  round  the  joint,  had, 
intermingled  with  it,  a  considerable  proportion  of  pure 
sodium  and  potassium  mi.'ved  up  with  caustic  potash  and 
soda,  drawn  in  by  electrolj'sis  from  the  surrounding  soil, 
with  the  :esult  that  the  earth  near  this  negative  cable 
became  very  much  overheated  and  the  whole  section  had 
to  be  replaced.  The  experiments  by  Hochstadter  de- 
scribed on  page  64  confirm  the  results  obtained  by  Mr. 
Holtljm*  at  Liverpool  University,  viz.  that  there  is  not 
much  fatigue  in  such  dielectrics  as  ebonite.  In  these  tests 
the  material  was  sulijected  to  an  alternating  stress  for  a 
definite  period,  and  then,  by  means  of  a  special  switch, 
to  a  much  higher  pressure  for  about  five  alternations,  the 
latter  pressure  being  raised  gradually  until  breakdown 
occurred.    The  dielectric  strength,  measured  in  this  way, 

•  W.  HOLTTUM.    The  nature  of  dielectric  fatigue.    Journal  I.E.E., 
vol.  50,  p.  755,  1913. 


fell  olt  slightly  when  the  fatigue   pressure   approxunatcd  Pmfcssor 
to  the  breakdown  pressure,  but  tlie  result  was  not  very 
marked. 

Mr.  B.  Weldoukn  :  The  synopsis  at  ithe  commence-  Mo- 
ment of  the  paper  is  very  useful  for  reference,  and  the 
value  of  the  paper  would  be  further  increased  if  the  author 
would  add  a  bibliography  at  the  end.  It  is  distinctly  a 
manufacturer's  paper,  but  it  raises  a  number  of  questions 
of  interest  to  the  user,  and  it  is  from  that  point  of  view 
that  I  propose  to  discuss  it.  On  page  58  the  author 
suggests  that  the  dielectric  thicknesses  fixed  in  March 
1910  b}'  the  Engineering  Standards  Committee  for  6,000  to 
ii,ooo-volt  cables  should  be  reconsidered.  This  subject 
has  been  much  discussed  by  the  manufacturers  and  users 
of  cables  during  the  last  two  or  three  years.  In  my  reply 
to  the  Newcastle  discussion  on  the  paper  which  I  read 
a  short  time  ago  ■'■  I  dealt  with  the  question  to  some  extent. 
I  think  that  so  much  progress  lias  been  made  during  the 
last  few  j-ears  in  the  manufacture. of  paper-insulated  cables 
that  it  would  be  safe  to  re-design  on  a  scientific  basis  all 
the  cables  mentioned  in  the  British  Standard  Specification.  ' 

Perhaps  I  ought  to  qualify  this  statement.  It  is  quite 
safe  to  reduce  the  thickness  of  the  dielectric  so  long 
as  care  is  taken  that  the  cables  are  used  only  on  modern 
electric  supply  systems — that  is  to  say,  systems  in  which  it 
is  possible  to  rely  on  the  voltage  having  a  sine  wave-form  ; 
but  it  might  lie  unsafe  in  the  case  of  a  system  supplied  by 
alternators  installed  say  10  years  ago,  and  having  a  wave-  | 

form  with  a  pronounced  peak  which  would  be  liable  to  set  I 

up  resonance.  Bearing  in  mind  that  the  cable  maker  does 
not  wish  to  restrict  the  use  of  his  cable  to  certain  supply 
systems,  it  will  probably  be  advisable  to  retain  the  thick- 
ness specified  by  the  Engineering  Standards  Committee,  but 
to  install  the  cables  with  the  idea  that  some  day  it  will 
be  possible  to  raise  the  working  pressure  when  the  load  1 

has   increased  and   new  conditions  arise.     In  connection  ; 

\*ith  Fig.    6  the    author   discusses   single-core  cables  for  , 

working    pressures    of    75,000   to  100,000   volts   and  a  3-  \ 

phase  transmission.     I  think  there  is  no  doubt  that  it  is  1 

quite  possible  to  construct  single-core  cables  for  these 
pressures.  I  remember  that  Dr.  Klingenberg  suggested- 
in  his  address!    last    year    that    ioo,ooo-volt    single-core  ^ 

cables  might  be  used  for  the  supply  of  power  to 
London,  say  from  a  coal-field  in  the  Midlands.  I  should 
like  to  ask  the  author  whether  in  suggesting  high-voltage 
single-core  cables  he  has  considered  whether  it  is  com- 
mercially justifiable  to  use  them  at  the  usual  frequencies  of 
25  to  50  cycles  per  second.  As  the  result  of  some  calcula- 
tions which  I  made  in  connection  with  Dr.  Klingenberg's  ^ 
suggestion,  I  came  to  the  conclusion  that  the  charging 
currents  would  cause  such  a  large  amount  of  plant  to  be 
idle  that  the  proposition  would  not  be  practicable.  The 
author  says  that  the  inter-sheath  method  is  not  commercially 
justifiable    below  50,000  volts.     That,  I  think,   raises  the 

*  B.  WELBOl'RX.  British  practice  in  the  construction  of  high- 
tension  overhead  transmission  lines.  Journal  I.E.E.,  vol.  52,  p.  177, 
1914,  and  vol.  52,  pp.  317-8,  1014. 

f  G.    Klixgexberg.    Electricity  supply  of    large    cities.    Journal  \ 

I.E.E.,  vol  52,  p.  123,  1914. 
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ovcrcd  cables  will  onlv  be   due  to 

cables   themselves."     In  the  main 

ii  is  perfectly  correct.     I  know  of  some  paper- 

Ics  tliat  were  taken  up  in  the  last  year  or  so 

been  working  for   23  years  at  a  pressure  of 

■lie  paper  w-as  examined  in  every  pos>ible  wav. 

1  the  supply  was  100  frctjucncy  tlie  paper 
showtrd  iiu  !>igii  whatever  of  deterioration,  liehind  that 
there  is  18  years'  experience  of  11,000-volt  concentric 
cables,  8  years"  experience  of  jo,ooo-volt  3-Corc  cables, 
and  3  years'  experience  of  30,000-volt  3-corc  cables. 
Further  txpcrience  is  required  as  to  the  effect  of  the  long- 
continued  application  of  presvuri  :  insulated  cables 
worked  in  the  modern  way  at  cratures.  After 
Mr.  Vi  •  read  his  paper  l>i.i^ic  the  Institution 
about  1  ■  .i^o,  lenjjthy  cxpcriineiits  were  made  on 
this  point,  c.h.l.  cables  being  worked  far  beyond  their 
ordinary  stresses  and  at  high  temperatures,  and  it  was 
satisfactory  to  find  that  after  two  years  the  paper  bad  only 
deteriorated  very  shghtly.  The  advisability  of  raising  the 
working  temperature  of  cables  beyond  150°  F.  is  rather 
doubtful.  There  is  a  disposition  in  some  quarters  to 
work  3-pha>e  e.h.t.  cables  permanently  at  a  temix-ra- 
ture  of  175  K.,  but  I  think  that  trouble  may  occur  with 
them  eventually.  On  page  6i  the  author  mentinns  a 
breakdoA-n  stress  of  alwut  200,000  volts  per  cm.  1  shouKI 
like  bun  to  amplify  that  statement  by  mentioning 
the  time  element,  because  later  in  the  paper  on 
page  63  he  mentions  tests  of  half  an  hour's  duration. 
I  think  he  will  agree  that  it  is  necessary  to  mention  the 
till!  itcmciit  more  \-aluable.  I  liuvc 
c:  ■  wiih  our  pre-ent  knowkilge 
•  'i  -  !v  usetl  and 
wli  \ ,  serve  any 
useful  purpose.  A  modern  3-core  paper-insulated  cable 
can  almost  be  tied  into  knots  without  in  any  way  damaging 
the  paper.   The  most  remarkable  case  of  that  kind  of  which 

•  C.  VrRMm.   Tlic  Uyincand  nuiolcnancc  uf  tnuumiisioii  aU>lc*. 
5<Mn4if  I.E  k  .  V.4  47.  p.  jij.  i.<ii. 
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out,  and  1  was  not  satisfied  until  I  got  a  joint  which 
would  stand  a  pressure  of  100,000  volts.  60  cycles,  for 
an  hour  without  brcakduwn,  and  would  then  stand 
the     pre>>ure     Ix-ing     raised     to     Ij.  t 

failure.     That   type  of   joint   h.«~  wo- 
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I  agree  with  the  author  that  the  c  <■ 
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attention  to  electrolytic  corrosion.     In  the  early  days  of 
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ledge  I  feel  tiiat  it  need  not  occur.     1  ai; 
t:  it  iv.iiit,  and  I  hope  that  the  author's  n 
1    will   go  a  long  way  towards 
I  ...I..     ..vhich  there  may  l>e  on  : 

.  i-st  to  the  author  that  : 
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author  indicates,  t! '  !^  are 

liable  to  alter  in  1  .  y  to 
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examine  the  electrical  conditions  of  the  network  from  time 
to  time,  sav  once  a  year,  as  it  is  to  overhaul  more  ficquciitly 
the  pillars  and  boxes. 

Mr.  S.  L.  Pearce  :  The  paper  has  been  written  by  an 
expert  in  cable  manufacture  and  can  tliereforc  be  more 
fittingly  discussed  by  manufacturers,  but  there  arc  a 
number  of  points  that  appeal  to  the  user.  On  page  58  the 
author  makes  some  very  interesting  remarks  witli  reference 
to  the  commercially  economical  size  of  cable  that  can  be 
used  for  a  working  pressure  of  20,000  volts.  That  informa- 
tion has  been  supplemented  witli  some  very  useful  d.ata 
by  the  last  speaker.  .-\s  an  engineer  who  has  to  deal  with 
a  large  and  increasing  power  load  I  should  like  to  plead 
for  the  use  of  cables  with  larger  sections  than  0T5  sq.  in. 
In  connection  with  tlie  new  power  station  of  the  Manchester 
Corporation  I  liave  had  to  go  very  closely  into  this  matter, 
and  I  think  I  am  justified  in  using  a  cable  of  0-25  sq.  in. 
section  at  a  working  pressure  of  33,000  volts.  From  the 
figures  that  liave  been  put  before  me  I  am  satisfied  that 
such  a  cable  is  the  most  economical  and  commercial.  Of 
course  the  calculations  were  based  on  the  assumption  that 
the  cables  will  be  more  or  less  fully  loaded.  With  regard 
to  the  question  of  grading,  it  would  appear  from  the 
author's  remarks  that  there  is  very  little  to  be  gained  by 
attempting  to  grade  cables  when  a  working  pressure  not 
exceeding  50,000  volts  is  contemplated.  I  feel  very  much 
in  the  position  that  Mr.  Sparks  apparently  found  himself 
in  when  Dr.  Russell's  paper  *  was  discussed,  viz.  that 
engineers  preferred  to  use  a  single  dielectric  material  that 
had  been  fully  tested  in  practice.  Nevertheless,  the  author 
makes  various  interesting  suggestions,  the  chief  of  which 
is  that  the  inter-she.ath  should  be  in  the  form  of  a  lead 
tube.  Reference  has  been  made  to  the  severe  treatment 
that  the  cable  receives  in  the  bending  tests.  Whilst 
admitting  that  the  cable  is  not  treated  in  that  way  in 
the  normal  course  of  manufacture  and  use,  it  never- 
theless receives  a  considerable  amount  of  bending 
especially  in  manufacture,  and  I  should  like  to  ask  the 
author  whether  he  thinks  it  probable  that  the  lead  sheath 
will  in  time  become  wrinkled,  in  which  case  an  inter-sheath 
formed  of  a  copper  braid  might  be  preferable.  The 
various  suggestions  and  patented  processes  for  con- 
veniently anchoring  these  inter-sheaths  are  ingenious,  but 
from  the  point  of  view  of  a  supply  engineer  they  seem  to 
introduce  complications,  and  they  do  not  appeal  to  me. 
Dealing  with  the  maximum  stresses  in  high-voltage  paper- 
insulated  cables  on  page  61,  the  author  seems  to  suggest 
that  the  existing  methods  of  testing  cables  at  2^  to  3 
times  the  working  pressure  should  be  retained.  Does  he 
think  that  w-ould  be  done  in  the  case  of  cables  for  a 
working  pressure  of  40,000  to  50,000  volts  ?  So  far  as  the 
Board  of  Trade  have  issued  regulations  up  to  the  present 
time,  all  that  they  ask  for  with  cables  at  a  working  pres- 
sure of  more  than  10,000  volts  is  a  test  pressure  10,000 
volts  higher  than  the  working  pressure.  When  we  have 
reached  the  stage  at  which  working  pressures  of  40,000  to 
50,000  volts  are  called  for,  supply  engineers  ought  to  be 
content  with  a  test  pressure  of  something  less  than  2J 
to  3  times  the  working  pressure.  On  page  62  certain  con- 
ditions are  mentioned  which  call  for  grading.  In  clause 
(c) — where  cable  diameters  would  exceed  say  3  in. — the 

*  A.  ROSSELL.  Tlie  dielectric  stress  of  insulating  materials  and  tlie 
grading  of  cables,    journal  I.E.E.,  vol.  40,  p.  6,  1908. 


author  is  presumably  referring  to  single-core  cables  and  Mr. 
not  to  multicorc  cables.  With  regard  to  the  time  element 
in  connection  with  the  pressure  tests  on  page  .63,  my 
experience  is  that  if  a  cable  stands  tlie  test  for  live  minutes 
it  will  not  break  down  in  half  an  liour.  There  does  not 
seem  therefore  to  be  very  much  advantage  in  prolonging 
the  test.  The  author's  suggestion  for  testing  the  integrity 
of  lead  sheaths  is  excellent  ;  for  example,  it  would  enable 
us  to  test  our  cables  whilst  these  are  in  use  ;  but  I  think 
an  insulation  Iresistance  of  50  megohms  per  mile  is 
altogether  too  low.  On  page  66  we  have  what  I  think 
is  probably  tiie  most  interesting  point  in  the  whole  paper, 
and  one  which  is  of  prime  importance  to  supply  engineers 
at  the  present  time,  namely,  the  movement  in  cables 
consequent  upon  expansion  and  contraction  due  to 
temperature  variations.  Of  course  there  are  numerous 
opinions  on  this  matter.  Some  engineers  would  say  that 
everything  should  be  anchored,  the  joints  as  well  as  the 
lengths  of  the  cables,  so  that  no  movement  can  possibly 
take  place.  There  is  another  school,  the  adherents  of 
which  advocate  the  joint  being  anchored  and  provision 
being  made  for  the  cable  to  be  laid  in  a  wavy  form  so 
that  expansion  can  thereby  be  taken  up.  The  author's 
tests  are,  I  must  say,  somewhat  surprising.  They  seem  to 
show  that  expansion  joints,  so  far  as  regards  providing 
for  expansion  and  contraction  due  to  temperature  varia- 
tions, are  of  very  little  use.  That,  I  gather,  is  the  conclu- 
sion to  which  the  author  has  come.  Flexible  joints  must, 
however,  be  exceedingly  useful  in  the  case  of  underground 
subsidence,  but  these  tests  seem  to  show  that  whilst  this 
"flexibility"  at  the  joints  will  protect  the  joints,  it  is  still 
possible  for  damage  to  be  done  along  the  length  of  the 
cables.  I  believe  the  author  holds  the  view  that  damage 
may  arise  through  the  rubbing  together  or  the  relative 
movement  of  the  cores.  I  should  like  him  in  his  reply 
to  elaborate  that  point  because  it  is  a  little  difficult  to 
grasp  why  there  should  be  any  relative  movement  of  the 
cores  assuming  all  three  phases  are  equally  loaded.  I 
should  also  like  him  to  define  what  he  means  by  the 
expression  "  grossly  overloaded."  That  is  the  crux  of  the 
whole  matter.  Does  he  advocate  a  return  to  the  old 
rule,  which  was  more  or  less  a  standard,  of  1,000  amperes 
per  sq.  in.  ?  In  Fig.  15  the  author  illustrates  some  por- 
celain spacers.  I  have  had  no  experience  of  this  method, 
and  I  think  other  .cable  manufacturers  state  that  porcelain 
is  always  a  weakness.  At  any  rate  the  same  object  can 
now  be  attained  by  using  paper  packing.  The  author 
has  shown  on  the  screen  a  series  of  lantern  slides  repre- 
senting the  damage  done  to  a  length  of  cable  in  Man- 
chester. It  illustrates  very  forcibly  what  we  may  expect 
-to  happen  w'here  there  is  a  great  deal  of  very  heavy  road 
traffic.  The  samples  were  not  0-5  sq.  in.,  but  i  sq.  in.  ; 
possibly  that  gives  additional  emphasis  to  the  point 
which  the  author  makes.  On  page  74  the  author  refers 
to  the  Board  of  Trade  Report  and  the  action  of  coal 
gas  on  vulcanized  bitumen.  I  was  one  of  the  witnesses, 
and  I  think  there  is  no  doubt  that  some  confusion 
existed  in  the  minds  of  tlie  Committee.  If  the  bitumen 
filling  is  attacked  by  the  action  of  coal  gas — and  the 
author  does  not  dispute  it — something  else  will  soon  come 
in  to  destroy  the  cable.  A  great  deal  can  be  said  upon 
the  question  of  vulcanized-bitumen  cables.  They  un- 
doubtedly   have    good  points  as  w-ell  as  disadvantages. 


MKAVKK:    CARI.KS  :    DISCISSION. 

The   jiilli.'i    lltuVrt  a    vrfV  iiitri  i  ^tillLl    ^v>v' 


VI 


C»|Hv -       - i  ,-•       ■        ■■■■ 

rubttcf.     I    iirsil4le   to  (•i\f    jii    upinioii  i>it  (hat 
II    (he    , 


M'  IS. 


■le. 
\      I.      w      I. 


t  .  icil.      \Vc    louiitl   tliat   .1  Kir.it   ileal  ot  '. 

.11.  t!n-  >'M-ilir4tiii|;  ol  tlic  «.'<'ic-  .mil   11- 

quriil   il  ;    and    we    h4ve   - 

by  the  .■■>■  .>...>  ikmi  o/  a  krparaior  luxi  ><■  <>.v  v. 
Over  (he  Mrp4r.i(or.  ol  cour«r,  tlie  biluiiicn  would  I 
added.      Ttir  '.icli    wc  i 

ol   brudcd   il  v    wc   h.i 

»c|>aralor. 
Pi«««         Mr    «(    C   I..  pRmr  ■  I   h.ivc  no  hc^itntion  in  <:ivin(j 


pre  IfS.     I(  a'. 

Ihc  f  Cal'u  ^  \ 

ini'  .IV.     I  ar 


Br 
Id 
M.. 


.md  Allied    M.iiiulacturer^    .\  ;i. 

cjki\  do  (or  clcclricil  plant  wlu;  ;..^  ^  ...;Ic' 

n  has  done  for  cables,  its  existence  will 

M>iif"ied.     I  consider  there  are   not  manv 


secrets  in  the  manufiicture  of  cables.  The  whole  sense  of 
thi- 

COl. 

up  wilii  ihc  beil  iii.icliincs.  .iiui  le^tlll^;  them  in  the  host 
way.  I  agree  with  Mr.  \Vellx)urn  that  the  hij;he>l 
economical  pressure  which  one  can  get  nowadays  is  30,000 
volts  :  but  I  think  the  author  must  have  other  views  or  he 
would  not  have  gone  to  the  trouble  of  designing  and 
ma".  up  to  I IV  •-.     Then  as 

res.;  paper.     1 '.  :it  that  the 

Brlll^il  c-ver)'  care  in  the  selection  of 

the    paj  .L    store    on   its  freedom    from 

impurities ;  «.  the  same  thing  of  the  paper  cables 

which  liave  I-l. jjht  into  this  country  ?     At  one  time 

the  view  was  held  on  the  Continent  tliat  it  did  not  matter 
what  the  paper  was  made  of  ;  and  that  the  important 
material  was  the  oil.  If  that  tlieory  of  Continental 
enL'  >ur    of 

imi  plenty 

of  01!.     Mr.  \  Alicrepaper 

cable^  arc  n:  i    175*  F.     I 

was  not  aware  that  cables  had  been  deliberately  allowed  to 
reach  that  tcmpvralure,  but  I  should  like  to  know  whether 
the  Vernier  joint  would  stand  under  such  conditions. 
Mr.  Wclbourn  mentions  that  these  joints  have  been  very 
Mii.«.e--(iil  inl'-cil  where  troiilile  iiiii;!it  have  been  ex- 
I't  1   they 

l>i  re   the 

(..il'if  \\.is  held  last  r  With  regard  to  the  use  of  tape 
ui  i-ii'cr  for  insulating  very  high-pressure  cable  joints, 
I  can  quite  see  th.-»t  Mr.  Wclbourn  might  be  very 
successful,  as  he  has  very  skilful  jointers  ;  but  1  fai>cy 
that  the  author's  suggestions   are  made  with  the  idea  of 


intended  lor  very 
The  iilea  of  non-l<. 
the  weak  point  apj 
second  column  of   j-. 
the  best  ul  iointci  >.  ti. 


prcssures.      \\ 

which    does    :.  .  ., 

pressures,  thus  obviating  the  use  of  solder  and 

eliminating  human  errors  altogether?     I  a'" 

the  emphasis  wliich  the  author  has  laid  on  ' 

of  trims  and   !  '  '         '  '        Sir    wi. 

has  already  >..  t   know 

school  of  ■'  air  >tiU  c.\ 

sure   it   is   d\i  ;.     Thr 

really  efficient  bon 

ciatcd,  and  in  my  •  , -.. 

but  a  plumber's  wipe  is  satisfactory.     Ko: 

cables  there  are  various  sati>f-'   ■•■  '  

cone  connectors  which  give  ■ 

is  paid   t        ' 

Till-,  is   1 

cubic   is  ' 

coiulucti^ 

be  tested  on  c  and  1  ah^ 

that  such  a  tc;'.   .  .  n,  iN^t; 

year,  a^  the  mainlc; 

■rtance.     i  ur 


of   trims   tliat  I   need   not   further  r<. ' 


p.,::.:.       1: 


luatenal,  and  for   ' 

tropics  unglaxc<1  v 

on    account   of  difficulties 


of   packing  and  transport  of 


98 


BEAVER:  CABLES:  DISCUSSION. 


Mr. 
Kicliudi. 


asphalt.  I  tliink  that  insuflicicnt  attention  is  frequently 
paid  to  the  laying  of  cables.  A  dry  trench  and  dry 
material  are  essential  for  successful  work,  especially 
when  cables  are  laid  on  the  solid  system  in  wood 
troughing.  The  proper  tilling  of  the  trough  is  a  diflicult 
matter  unless  it  is  thoroughly  understood.  At  bends  the 
cable  will  alwaj'S  tend  to  c.\pand  during  the  process  of 
filling  the  trough,  and  the  bends  should  Uierefore  be 
left  until  the  remainder  of  the  compound  has  set. 
Finally,  the  bend  should  be  made  to  lit  the  cable,  not 
the  cable  made  to  tit  into  the  trough. 

Mr.  Allcock.  Mr.  H.  Allcock  :  In  the  first  place  it  appears  to  me  that 
we  have  here  ample  demonstration  of  the  fact  that  British 
cable  makers  have  long  since  discarded  rulc-of-thumb 
methods,  and  I  should  like  to  support  the  view  expressed 
by  Mr.  Addenbrooke  in  London  last  week  to  the  effect 
that  in  Mr.  Beaver's  work  we  have  an  excellent  demonstra- 
tion of  the  advantage  gained  by  bringing  expert  chemical 
knowledge  to  be.ir  upon  what  may  appear  at  lirst  to  be 
purely  electrical  problems.  For  instance,  in  dealing  with 
the  question  of  graded  cables,  the  author  shows  that  it  is 
preferable  to  emploj'  one  material  for  the  dielectric  instead 
of  a  number  of  materials  of  varj'ing  capacities,  because  in 
the  latter  case  the  life  of  the  cable  may  be  reduced  by 
chemical  reactions.  With  regard  to  the  method  of  impreg- 
nating the  paper  before,  instead  of  after,  its  application  to 
a  conductor,  we  see  on  page  59  that  this  method  obviates 
the  inverse  grading  effects  anticipated  by  Mr.  O'Gorman. 
We  may  conclude  from  that  fact  that  the  admitted 
advantages  of  this  method  over  the  so-called  vacuum 
process  (in  which  the  papers  are  impregnated  after  they 
have  been  appUed  to  the  conductor)  become  even  more 
marked  when  we  are  dealing  with  these  very  high  pressures 
of  50  kilovolts  and  upwards.  The  author's  "  test  sheath  " 
seems  to  me  to  be  of  great  value  because,  being  separated 
from  the  protective  sheath  b}'  relatively  only  a  few  layers 
of  paper,  it  provides  means  of  detecting  damage  to  the 
lead  sheath  before  sufficient  water  has  entered  to  ruin  the 
whole  of  the  dielectric  and  so  cause  a  breakdown.  I 
should  like  particularlj-  to  congratulate  the  author  on  the 
division  of  his  paper  into  two  distinct  parts  for  each  type 
of  cable  discussed.  He  deals  first  with  the  physical  and 
chemical  properties  of  component  parts  of  the  cable,  and 
secondly  with  the  conditions  external  to  the  cable.  This 
arrangement  brings  into  well-deserved  prominence  the 
excellent  work  done  bj-  the  author  in  regard  to  the  design 
and  use  of  vulcanized-bitumen  cables.  I  feel  that  in  the 
latter  section  this  paper  will  rank  as  a  classic  ;  it  should  be 
of  invaluable  assistance  to  those  who  may  hitherto  have 
felt  the  need  of  some  authoritative  guide  to  the  behaviour 
of  bitumen  cables,  especially  in  tropical  countries. 

Mr.  T.iyior  Mr.  W.  S.  T.AYLOR  :  On  page  64  the  author  says,  "  The 
advantages  due  to  the  chemical  stability  of  pure  manila 
paper  and  the  durability  arising  therefrom  are  offset 
to  some  extent  in  practice  by  its  hygroscopic  proper- 
ties." Then  shortly  afterwards  he  claims  that  the  best 
method  is  to  impregnate  the  paper  before  it  is  applied 
to  the  cable.  The  paragraph  which  I  quoted  seems  to 
indicate  that  to  impregnate  first  is  not  the  best  arrange- 
ment. Moisture  is  liable  to  be  absorbed  owing  to  variable 
atmospheric  conditions,  and  unless  very  great  care  is  taken 
to  keep  the  moisture  away  from  the  paper  before  it  gets 
through   the   lead-press  I    think    there   will    be    trouble, 


However,  tliere  arc  other  considerations  wliich  come  into  m,. 
plaj',  and  one  must  not  make  too  mucli  of  tluit  point.  I 
want  particularly  to  refer  to  rubber-insulated  cables.  The 
author  makes  a  special  point  of  the  necessity  of  a  good 
coating  of  tin.  Some  years  ago  I  examined  this  question 
and  I  came  to  the  conclusion  that  a  good  coating  of  tin 
was  essential  if  a  cable  were  to  have  a  long  life.  Unfor- 
tunately, other  people  do  not  seem  to  have  paid  the  same 
attention  to  this  point,  and  one  generally  hears  that  the  tin 
is  used  to  protect  the  copper  against  the  sulphur  in  the 
rubber.  Really  the  tin  is  essential  in  order  to  protect  the 
rubber  against  the  copper,  and  this  is  emphasized  by 
the  author  in  his  paper.  To  my  mind  it  raises  the  question 
whether  in  England  we  are  working  on  the  right  methods 
in  connection  with  our  rubber  cables,  our  practice  being 
quite  different  from  the  Continental  and  American  practice. 
For  instance,  in  America  they  do  not  use  pure  rubber  next 
to  the  conductor,  and  still  find  that  in  most  cases  there  is 
very  little  sign  of  corrosion  after  j'ears  of  use.  To  my 
knowledge  some  cables  made  up  with  the  vulcanized  rubber 
in  contact  with  the  tinned  copper  have  stood  12  years' 
working,  and  there  is  not  even  the  slightest  sign  of  corrosion. 
That  seems  to  point  to  some  defect  in  our  methods.  One 
American  manufacturer  said  to  me  when  discussing  the 
point,  "  What  is  wanted  is  something  to  withstand  the 
pressure.  If  a  rubber  compound  can  be  made  which  will 
withstand  the  working  pressure  and  ordinary  wear  and  tear 
there  is  no  need  to  put  on  that  expensive  gum  "  (meaning 
of  course  the  pure  rubber).  Mr.  Richards  raised  a  very 
important  point  when  he  suggested  that  the  user  should 
inform  the  manufacturer  of  the  conditions  with  which  the 
cables  had  to  contend,  and  then  take  the  manufacturer's 
advice.  If  that  were  done  many  of  the  troubles  with  cables 
would  not  occur. 

Mr.  L.  J.  Lepixe  :  In  regard  to  the  ioo,ooo-volt  cable  Mr. 
mentioned  by  one  or  two  speakers,  which  Dr.  Klingenberg* 
proposed  to  use  in  his  suggested  scheme  for  London,  there 
seems  to  be  some  misunderstanding  as  to  the  voltage  for 
which  the  cables  would  be  designed.  In  reality  they 
would  be  designed  for  60,000  volts  only.  I  have  worked 
with  Dr.  Klingenberg  for  the  last  two  years,  and  therefore 
I  was  able  to  go  very  closely  into  the  question  of  these 
■cables.  The  idea  was  to  use  single-core  cables  only,  and 
to  earth  the  neutral  points,  thereby  having  a  potential 
difference  of  60,000  volts  only  between  any  one  cable  and 
earth.  To  show  that  the  German  manufacturers  are  not- 
at  all  sure  of  their  ground  in  regard  to  this  question  of 
e.h.t.  cable,  I  would  cite  an  instance  where  a  100  sq.  mm. 
section  copper  cable  was  called  for.  A  German  firm  ten- 
dered for  a  500  sq.  mm.  aluminium  cable  and  a  120  sq.  mm. 
copper  cable ;  nothing  smaller  could  be  offered.  The 
larger  sections  only  were  recommended,  with  the  object 
of  reducing  the  stress.  The  cable  of  120  sq.  mm.  was 
ordered,  and  when  it  was  delivered  it  was  found  that 
the  section  was  only  100  sq.  mm.  It  maj'  be  interesting 
to  members  to  know  that  owing  to  the  probable  scarcity 
of  copper  the  German  Government  has  prohibited  the 
export  of  any  cable  larger  than  35  sq.  mm.  section  during 
the  war.  This  ought  to  improve  British  cable  makers' 
chances  abroad. 

Mr.  F.  Fern'ie  [communicated) :  On  page  74  the  author  Mr. 
quotes  a  suggestion  of  mine  as  to  the  ultimate  origin  of 
•  Journal  I.E.E.,  vol.  52,  p.  136,  1914. 
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the  ~  which  would  llow  in  the  course  oi 

two^ a  very  minute  current.   The  author 

nukes  some  tentative  su^cslions  as  to  what  may  cause 
cable  failures.  The  lirst  is  "  osmotic  influences."  As- 
sumint;  that  he  means  electric  endosinosc,  this  can  only 
be  I  .  leakage  current  through 

the  IS  purely  a  current  effect. 

He  disputed   the   existence  of  any  leakage 

curi  t  :kI  cable.    The  author's  other  suggestions 

ve"  incipient  H.iws,  damage,  or  general  weakness."  If  the 
first  or  third  of  these  is  true  it  reflects  on  the  cable  makers, 
which  I  do  not  exftect  the  author  will  admit ;  and  with 
regard  to  "  damage,"  why  should  not  the  positive  cables 
suffer  equally  with  the  negative  ?  I  want  also  to  take 
!S  statement  on  paue  tk)  tli.it  vul- 
>  distinct  field  of  it>  own."  I  think 
the  only  held  it  has  is  an  entirely  artihcial  one  created  by 
cable  makers'  agents,  who  have  for  years  recommended 
it.  In  view  of  this  it  is  surprising  to  find  a  cable  maker 
confessing  that  he  has  only  recently  come  to  understand — 
a  Uttle  vaguely  as  it  appe.irs  from  the  paper — one  of  the 
maiiy  causes  of  its  failure.  There  is  one  other  point  on 
which  I  slmuld  like  to  diN.»iJree  from  the  author.  On 
page  (>y  •  result  of  a  bi 

istore<l..v  ^c  from   15  to  j 

for  e.h.t.  cables  llie  cables  tlut  the  author  has  tested 
compare  unfavourably  with  most  of  those  which  I  have 
tested.  I  have  never  found  that  a  bending  test  of 
"ordinary  ^cvi-ri'v"  reduces  the  breakdown  voltage  to 
till-  >li^::ii-;  L\'.i:ii,  but  on  a  gooit  cable  it  has  a  tendency 
tow.ird>  tile  opposite  result. 

Mr.   C.    J,    Hnvm   (ci    nfly  :    In   reply   to    Professor 
^'  •'  .  of  radius 

>-''>^^  Ixren  very 

clearly  propounded  by  Dr.  Kussell  (loc.  al.\  Owing  to 
the  enormous  dilViculties — first,  of  producing  an  isotropic 
dielectric,  and,  secondly,  of  sufficiently  conlrolhng  the  lest 
condition^ — attempts  to  prove  c\  :.illy  the  theory 

by  pai;i.ill\    !n..u.iiig  down  the  to  a  radius  at 
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mentioned  by    '. 

consist   of   hydrates,   carttonates,   and   other   salts  of   the 

alkaline  metals.     In   the  case  which  I  illustrated  on  the 

screen  (not  referred  to  in  the   paperl,  the  part  which  I 
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would  be  a  serious  one  on  long  lines/  and  forms  one 
of  those  comincrcial  items  in  very  high  voltage  schemes 
whicli  will  automatically  settle  itself  eventually  in  the 
most  economical  way.  The  statement  quoted  by  Mi". 
Welbourn  from  the  paper,  to  the  effect  that  the  inter- 
sheath  method  is  not  commercially  justiliablo  below  50 
kilovolts,  relates  solely  to  the  cable  and  not  to  a  trans- 
mission scheme  at  that  pressure. 

I  think  there  is  an  error  in  his  figure  for  the  apparent 
power  required  to  charge  a  cable  at  n  kilovolts,  viz.  i8'2 
kw.  per  mile,  as  it  is  not  proportional  to  the  figures  which 
he  gives  for  higher  pressures.  I  think  it  should  be  about 
i2'3  kw.  per  mile. 

I  am  glad  to  have  Mr.  Welbourn's  confirmation  of  my 
statements  as  to  the  permanence  of  paper-insulated  cables 
under  reasonable  conditions  of  usage,  and  to  have  his 
support  in  connection  with  my  warnings  in  the  matter 
of  abnormal  working  temperatures.  It  is  not  sufficiently 
appreciated  w'ith  regard  to  deterioration  of  most  dielectric 
materials  that,  within  certain  limits  which  will  vary  some- 
what for  each  material,  time  and  temperature  are  propor- 
tionately convertible  terms.  I  do  not  agree  that  there 
is  any  inconsistency  in  mentioning  a  length  of  time  for 
commercial  tests  on  cables,  and  omitting  it  when  referring 
to  a  specific  value  of  dielectric  strength  of  a  material, 
because  it  is  generally  accepted  that  the  latter  is  the  value 
of  the  electric  stress  which  a  material  is  just  capable  of 
supporting  indefinitely. 

With  reference  to  Mr.  Welbourn's  remarks  on  the 
efficacy  of  the  Vernier  joint  in  dealing  with  the  trouble 
of  pulling  out  of  conductors  at  joints,  my  experience  is 
that  the  resultant  trouble  from  expansion  and  contraction 
effects  usually  appears  in  those  parts  where  the  best 
facilities  for  movement  exist.  As  this  is  almost  always 
in  the  vicinity  of  joints,  and  as  the  palliative  is  applied 
to  the  joints,  one  would  obviously  expect  valuable  assist- 
ance from  the  Vernier  design.  Fig.  10  in  the  paper  will, 
however,  perhaps  serve  as  a  reminder  that  we  know  com- 
paratively little  of  the  mechanical  stresses  and  their 
possible  ultimate  effects  in  other  parts  of  the  cable,  and 
that  different  results  may  be  produced  by  almost  insigni- 
ficant variations  in  the  conditions  of  construction  and 
laying.  With  regard  to  Mr.  Welbourn's  preference  for 
the  lapped  form  of  insulation  in  joints,  I  have  already 
dealt  with  the.  subject  briefly  in  reply  to  Mr.  Sparks,  and 
would  only  add  that  the  continuous-current  conditions  to 
which  he  refers  are  less  severe  than  those  of  an  alternating 
current  at  an  equal  (R.M.S.)  voltage. 

I  note  that  Mr.  Welbourn's  experience  as  to  the  rarity 
of  cases  of  failure  due  to  direct  chemical  corrosion  of  lead 
coverings,  and  the  comparative  immunity  from  electrolytic 
trouble  under  present-day  conditions  of  installation  and 
maintenance  coincides  with  my  own,  as  stated  in  the  paper. 
A  further  point,  sometimes  overlooked  in  post-mortem 
e.xaminations  of  faults,  is  that  signs  of  electrolytic  action 
are  often  resultant  on  conditions  allowed  to  arise  by  the 
primary  fault,  e.g.  mechanical  damage,  and  that  such 
appearances  may  effectively  mask  the  original  cause  of 
the  fault.  In  my  reference  to  bonding,  I  assumed  that 
earthing  would  be  understood,  especially  as  reference 
was  made  to  Board  of  Trade  rules. 

In  reply  to  the  various  points  raised  by  Mr.  Pearce,  my 
remarks  as  to  the  average  size  of  cable  which  would  be 


found  commercially  economical  for  pressures  in  the  Mr. 
neighbourhood  of  20  kilovolts  had  reference  to  the  more 
general  case  of  distribution  to  a  number  of  areas  in  various 
stages  of  development.  I  quite  agree  that  for  liis  par- 
ticular case  of  transmilting  a  large  amount  of  power  from 
one  generating  station  to  a  main  distributing  centre  the 
conditions  may  fully  justify  the  size  of  cable  which  he  has 
adopted.  There  are  two  points  of  view  to  be  considered 
in  such  a  case  :  first,  the  limit  of  current  density  fixed  by 
working  temperature  conditions,  which  is  largely  depen- 
dent on  the  method  of  laying  and  the  number  of  cables 
grouped  in  close  proximity  to  one  another  ;  and  secondly, 
the  broad  aspect  of  the  whole  scheme,  in  which  cable 
considerations  are  simply  an  item.  In  the  case  where  a 
large  system  of  distribution  to  a  number  of  outpost  points 
is  carried  out  at  a  pressure  of  20  or  30  kilovolts  the  com- 
mercial considerations  will  be  different,  and  it  may  be 
uneconomical  to  use  a  smaller  cable  than,  say,  o'l  sq.  in. 
to  commence  with,  and  quite  economical  to  duplicate 
it  at  a  later  stage  of  development. 

Mr.  Pearce's  eminently  practical  views  on  what  might 
appear  at  first  sight  to  be  weaknesses  and  complications 
attendant  on  tlie  use  of  the  inter-sheath  type  of  cable  are 
interesting.  So  far  as  the  cable  itself  is  concerned,  the 
effect  of  bending  on  the  thin  lead  inter-sheath  is  unlikely 
to  cause  trouble,  judging  from  manufacturing  experience. 
It  is  applied  very  closely  over  the  first  part  of  the  dielectric, 
and  the  preceding  and  succeeding  layers  of  paper  are  tightly 
lapped.  When  the  cable  is  bent  the  movement  of  the  inter- 
sheath  is  controlled  by  the  adjacent  papers  which  slide 
smoothly  and  uniformly  over  each  other  and  return  to  their 
original  position  when  the  bend  is  taken  out  or  reversed. 
The  firm  enclosure  of  the  inter-sheath  and  the  uniform 
movement  of  the  paper  on  both  sides  of  it  appear  to 
prevent  the  distortion  to  which  Mr.  Pearce  referred. 

The  use  of  special  tappings  in  transformers,  etc.,  or 
alternatively  the  use  of  special  apparatus  such  as  com- 
pensators, for  the  purpose  of  anchoring  the  potential  of 
the  inter-sheaths  will  not  necessarily  constitute  complica- 
tions from  the  suppl}'  engineer's  point  of  view.  Without 
them  or  their  equivalent,  there  would  appear  to  be  no 
practical  solution  of  the  problem  of  constructing  insulated 
cables  for  very  high  pressures  ;  and  just  as  the  general 
advance  of  electrical  apparatus  has  entailed  demands  on 
the  cable  maker,  for  instance  in  the  accurate  balancing  of 
split  cores  in  connection  with  protective  switchgear,  so  the 
manufacturer  of  transformers  and  other  electrical  apparatus 
will  be  called  upon  to  co-operate  with  the  cable  maker  in 
meeting  the  requirements  of  the  transmission  system.  It 
is  a  matter  of  general  experience  tliat  mutual  demands  of 
this  kind  are  invariably  met  when  the  necessity  becomes 
sufficiently  pronounced. 

I  am  glad  to  have  Mr.  Pearce's  opinion  that  the  margin 
between  working  and  test  pressures  on  cables  need  not 
be  so  great  as  that  mentioned  in  the  paper,  because  the 
cable  user's  demands  usually  control  the  situation,  and  in 
many  cases  cables  have  to  be  designed  for  test  conditions 
rather  than  working  conditions  plus  a  reasonable  margin'of 
safety.  With  regard  to  Mr.  Pearce's  views  on  the  time 
element  in  pressure  testing,  I  should  be  only  too  glad  if 
reasons  of  a  practical  nature — indicated  briefly  in  the 
paper — would  permit  me  to  agree  with  him.  It  would 
Hghten  the  burden  of  testing  in  a  large  works  to  a  very 
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speakers  in  a  dinerent  loriii,  and  1  would  liieretore  reler 
him  to  my  replies  on  the  subject  of  the  heating  of 
cables. 

I  am  glad  to   kno«'  that  Mr.   Pearce   h.as  experienced 
good  results  from  the  type  of  bitumen  cable  with  paper 
Ih;cju»c  it  IS  a  type  with  the  cvoluliwii  of  which, 
f    n.ime    of  "paper  lcadlc^^,     1   li.uc  been  inti- 
iu.*uly    I.  1    ant    unaware,  however,    of    any 

grounds  i  uding  that  1  do  not  approve  of  the  use 

of  vulcanized  bilumen  alone  as  a  dielectric.  The  reverse 
is  the  case,  at  least  for  many  purposes  for  which  the 
bitumen  type  of  cable  is  used. 

Mr.    Allcock's  remarks   are     appreciative    rather   than 
critical,  and  call  for  htUe  in  the  wav  of  reply. 

Ml     ~  '1   inaiiiteiianLe 

of   ■  _:   joints  a^oiubt 

..liou  aic  vciy  interesting.  The 
,;  or  waving  the  cable  is  of  course 
only  appUcable  to  armoured  cables  laid  direct  in  the 
ground,  and  has  more  direct  reference  to  provision 
against  sub>idences  oi  the  soil  than  to  expansion  and 
contract]  >  due   lo   heating.     It  is  a  coincidence 

tliat   the  I    •■  direct  "   laying  is   the   best   iiielhoil 

lor   ■  The  method  of 
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.':..'.    ■     '.  .-.liri  is  not  only  sound   as   regards  tlu 
cii;;.iiiuUoii  v,i  1..C  danger  due  to  points  of  solder  at  tlu 
ends  ol  ferrules,  but  would  possibly  allow  tlie  surface  of 
the  connector  to  1h    '  !  in  bold  c. 

thus    avoiiliii^    ci  I    of    ell. 

the    i..!iil.     With    icjjaid    lo  caM 
Mr.   Kicturds   tliat  the    use   of    ii 


solid  system  ol   laying. 

Mr.  Taylor  contrasted  my  reference  to  the  Kv  .•r,.-^opic 
proiHrrlics  of  impregnated  paper  with  my  i  lof 
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groundless.  The  method  is  one  which  affords  many 
advantages  and  few  disadvantages  and  the  product  is  one 
to  which  no  exception  can  be  taken. 

1  gather  that  Ml.  I  .   .  ..-  j^ 

of  the  standard  Hnt;  ac- 

tion of  rul 
difticult  t. 
tion,  and   '. 
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maker  enter  into  the  question.    Taking  a  broad  view  of 
the  matter   in  the  light  of  present-day  knowledge,  it    is 
quite  conceivable  that  if  one  liad  to  deMgn  a  rubber  cable 
lit    'U'i<0    the    resultant    article    would    be    a 
Ix-lwt-en  the  two  tvpe».  because  each   has  a 

to  the   a- 
.1  up  the  1 
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With  reference  to  Mr.  Fernie's  communication,  I  gather 
that  he  is  of  opinion  that  the  saponification  typo  of 
deterioration  may  (or  even  must)  occur  on  any  vulcanizctl- 
biiumcn  cable  liaving  an  insulation  resistance  less  than 
infinity.  With  every  desire  to  leave  his  premises  as  un- 
disturbed as  possible,  I  am  afraid  I  cannot  agree  that  the 
current  which  leaks  through  a  normal  dielectric  will  pass 
to  or  from  a  wet  braid  at  one  or  even  a  number  of  earthed 
or  partially  earthed  points.  The  resistance  of  a  wet  braid, 
even  if  saturated  w-ith  acidulated  water,  is  too  high  for 
current  (even  from  a  fault  passing  several  amperes)  to  be 
traceable  on  the  braid  a  few  feet  away.  Disregarding  this 
fact,  however,  and  taking  up  his  suggestion  as  to  the 
calculation  of  the  number  of  coulombs  which  would  flow 
through  the  normal  dielectric  in  the  course  of  two  or  three 
years,  I  am  driven  to  the  conclusion  that  Mr.  Fernie  could 
not  have  made  the  calculation  himself,  because  the  net 
electrolytic  effect  per  annum  per  mile  of  cable  would  be 
the  equivalent  of  that  due  to  about  one  or  two  amperes  flow- 
ing for  one  or  two  minutes.     It  is  unnecessary  therefore 


to  pursue  the  argument  further  by  considering  other  im-  Mr- 
portant  factors  connected  with  electrolytic  effects,  such  as 
current  density,  or  to  point  out  that  my  reference  to 
osmotic  iudueiices  liad  clearly  no  connection  with  the  cause 
of  faults  but  was  simply  a  component  of  the  deterioration 
ensuing  after  faulty  conditions  arc  established. 

With  regard  to  the  field  of  utility  of  vulcani/.ed-bitumen 
cable,  I  need  only  point  to  mining  work  as  an  example 
showing  not  only  a  splendid  record  in  the  past,  but  a 
rapidly  growing  demand  which  shows  no  sign  of  falling 
off.  Its  successful  use  in  other  directions  for  many  years 
past — in  fact,  since  the  early  days  of  electric  lighting — is  a 
matter  of  common  knowledge. 

Mr.  Fernie's  experience  in  the  matter  of  bending  tests 
can  hardly  have  been  shared  by  others,  because  one  cannot 
imagine  consulting  engineers  specifying  tests  which  show 
negative  results.  The  statement  as  to  the  improvement 
of  the  breakdown  voltage  bj'  bending  tests  clearly  points  to 
the  desirabilit}'  of  embodying  them  in  the  manufacturing 
processes. 
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By  P.  V.   Hunter,  Member. 


[Acliiirss  delivered  i6  November,   1914.) 


It  is  an  important  duty  of  engineers  to  recast  their  ideas 
sufficiently  frequently  for  new  conditions  and  develop- 
ments to  be  quickly  co-ordinated  with  existing  practice. 
In  no  branch  of  engineering  is  this  more  necessary  than  in 
electrical  power  supply,  owing  to  the  rapidity  of  its  growth. 
In  such  circumstances  the  retention  of  certain  standards 
of  method  and  construction,  solely  because  they  have  been 
serviceable  in  the  past,  may  lead  to  unsatisfactory  results. 

The  tendency  of  engineering  development  in  the  pro- 
duction and  transmission  of  electrical  energy  is  in  the 
direction  of  working  on  a  large  scale.  As  this  tendency  is 
due  to  economies  which  can  only  be  obtained  in  this  way, 
and  as  it  persists  in  spite  of  obstacles  other  than  engineer- 
ing, it  is  to  be  expected  that  the  size  of  generating  plant 
and  the  radius  of  transmission  systems  will  continue  to 
increase.  In  the  construction  and  operation  of  such  large 
generating  stations  and  supply  sj'stems  engineering  prob- 
lems necessarily  arise  which  are  not  apparent  in  smaller 
systems,  although  the  only  obvious  difference  may  be  that 
of  size.  One  of  the  most  interesting  phenomena,  and  one 
which  becomes  of  greater  practical  importance  propor- 
tionately with  the  size  of  the  system,  is  the  mechanical 
forces  experienced  by  circuits  carrying  heavy  currents. 

It  is  generally  known,  although  not  appreciated  as  a 
matter  of  practical  interest,  that  any  conductor  carrying 
current  experiences  mechanical  stress,  tlie  magnitude  of 
the  stress  being  proportional  to  the  square  of  the  current. 
In  the  case  of  a  single  straight  conductor  in  homogeneous 
magnetic  surroundings,  so  situated  as  not  to  be  appreciably 
influenced  by  magnetic  fields  other  than  its  own,  the  effect 
of  the  stress  is  to  compress  the  conductor  in  cross-section 


and  extend  it  axially.  This  is  known  as  the  "  Pinch " 
effect,  and  I  believe  it  has  been  used  to  promote  circulation 
of  the  molten  charge  in  electrical  furnaces. 

If  two  conductors  carrying  current  are  brought  parallel 
to  each  other  thej'  both  experience  mechanical  stress  and 
are  either  attracted  or  repelled  according  as  the  currents 
are  flowing  in  similar  or  opposite  directions.  A  single 
conductor  arranged  in  the  form  of  a  ring  and  carrying 
current  experiences  a  stress  tending  to  increase  its 
periphery,  i.e.  a  stress  similar  to  centrifugal  force.  If  the 
conductor  be  formed  into  a  helix  the  effect  of  current  is 
both  to  expand  the  helix  in  diameter  and  to  compress  the 
turns  towards  each  other  in  an  axial  direction. 

As  the  magnitude  of  all  such  stresses  is  proportional  to 
the  square  of  the  current,  they  may  while  quite  inappreci- 
able with  normal  currents  be  of  serious  moment  in  the 
event  of  an  abnormal  rush  of  current  amounting  to  many 
times  normal  load.  It  is  in  my  opinion  very  necessary  to 
recognize  and  provide  against  the  effect  of  such  stresses 
throughout  the  electrical  equipment  of  a  modern  power 
supply  system,  and  no  less  necessary  in  the  case  of  grow- 
ing systems.  There  is  no  difficulty  or  material  additional 
cost  involved  in  completely  guarding  against  these 
mechanical  stresses.  In  fact,  they  can  be  said  to  be  a 
danger  to  apparatus  only  when  ignored. 

The  stresses  were  first  experienced  as  a  matter  of 
practical  importance  in  the  end  windings  of  turbo-alter- 
nators. It  was  found  that  in  the  event  of  a  short-circuit 
occurring  either  at  the  alternator  terminals  or  in  some 
circuit  close  to  the  power  station,  the  rush  of  current  in 
the  alternator  stator  windings  produced  mechanical  forces 
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cal  bracing  necessary  lo  withstand  the  severe  stresses 
incurred  under  sliort-circuit  conditions  in  the  latter  case. 

A  transformer  having  a  lull-load  impedance  of  2 J  per 
cent,  and  giving  a  voltage  variation  from  no  load  to  full 
load  at  ordinary  power  factors  of  approximately  2  per 
cent,  is  satisfactory  from  all  points  of  view.  Its  voltage 
v.ariation  is  sufficiently  good  for  all  ordinary  purposes, 
and  the  stresses  on  short-circuit  can  be  properly  guarded 
against  by  bracing  the  coils,  and  without  materially  in- 
creased cost. 

There  is  one  precaution  which  should  be  remembered  in 
connection  with  calculations  of  the  short-circuit  current. 
This  current  is  usually  deduced  from  a  test  in  which  the 
secondary  of  the  transformer  is  short-circuited  and 
sufficient  voltage  applied  to  the  primary  to  circulate  full- 
load  current.  The  value  of  the  voltage  so  obtained  divided 
into  the  normal  primarj'  voltage  will  give  the  number  of 
times  full-load  current  which  should  be  passed  by  the 
transformer  under  short-circuit  conditions  with  full  primary 
voltage  maintained.  This  assumption  is,  however,  only 
true  it  the  leakage  flux  traverses  a  path  which  is  air  or  its 
equivalent.  If,  for  instance,  a  certain  amount  of  iron  is 
inserted  in  the  leakage  path  in  order  to  give  higher 
reactance  at  full  load,  the  value  of  the  short-circuit  current 
at  full  voltage  deduced  from  the  above  method  will  be 
substantially  too  low.  The  method  of  inserting  iron  in  the 
leakage  paths  is  sometimes  adopted  in  the  case  of  trans- 
formers where  a  very  bad  regulation  is  desired. 

It  has  also  been  found  from  experience  that  although  a 
transformer  may  be  so  constructed  and  braced  that  when 
first  installed  it  is  fullj'  capable  of  witlistanding  a  short- 
circuit,  it  may  not  be  in  this  condition  after  it  has  been  in 
service  for  a  few  months.  This  particularl}'^  applies  to  oil- 
cooled  transformers,  where  apparently  there  is  some  slight 
shrinkage  of  the  insulation  due  to  the  action  of  hot  oil. 
When  this  occurs  the  coils  settle  down,  assisted  no  doubt 
by  the  vibration,  which  occurs  in  some  degree  with  all 
transformers  when  in  service.  The  settlement  leaves  the 
coils  free  to  move,  with  destructive  results  in  the  event  of 
a  heav)'  short-circuit.  It  is  therefore  a  wise  precaution  lo 
examine  each  transformer  after  it  has  been  in  commission 
for  a  few  months  and  to  tighten  all  anchoring  bolts.  In. 
some  cases  manufacturers  provide  strong  springs  which 
compensate  for  shrinkage  of  the  coil.  There  is  little 
doubt  that  this  provision  is  of  benefit,  but  it  does  not  in 
my  opinion  do  away  with  the  desirability  of  examining  the 
transformer  and  tightening  everything  up. 

It  is,  I  believe,  a  fact  that  the  majoritj'  of  transformers 
manufactured  to-day  have  inadequate  provision  against 
the  mechanical  stresses  of  short-circuit.  That  more 
trouble  is  not  experienced  is  no  doubt  almost  entirely 
due  to  the  fact  that  the  generating  plant  is  not  able  to 
maintain  full  primary  pressure  on  short-circuit.  This 
protection  will  disappear  with  the  growth  of  the  gene- 
rating system. 

In  the  case  of  the  majority  of  the  power-supply  systems 
in  this  country  it  would  be  idle  to  suggest  that  their  pre- 
sent development  represents  an3'thing  approaching  their 
ultimate  size,  and  there  is  very  little  doubt  that  trans- 
formers which  are  safe  to-day  on  account  of  the  inability 
of  the  generating  plant  to  pass  sufficient  current  to  damage 
them  will  not  be  in  this  position  later.  Those  who  are  at 
all   dubious   about   the    reality   and   magnitude   of    these 


stresses  should  read  a  paper  by  Steinmctz*  which  was 
published  in  the  Transaclioiis  of  the  Ann-ritiin  Iinliliitc  of 
Elcclridil  Engineers, 

The  above  remarks  are  directed  towards  the  ordinary 
power  transformer.  There  is,  however,  little  doubt  that 
many  current  transformer  failures  if  properly  traced 
to  their  source  are  due  to  mechanical  movement  of 
the  primary  coils  under  a  heavy  rush  of  current.  The 
current  transformer  is  in  tlie  unfortunate  position 
of  not  being  able  effectively  to  limit  the  value  of 
the  current  which  can  be  passed  through  it.  In  this 
it  differs  from  generators  and  power  transtormcrs  which 
put  a  limit  to  the  maximum  values  of  the  currents  by  their 
own  impedance.  A  sound  mechanical  construction  of 
current-transformer  windings  may  therefore  be  regarded 
as  necessary.  In  this  connection  the  soundest  arrange- 
ment is  decidedly  tliat  in  which  the  primary  consists 
simply  of  a  bar  witliout  turns.  Such  transformers,  it  is 
true,  do  not  maintain  their  ratio  if  at  all  heavily  loaded 
on  the  secondary  side,  but  with  the  exercise  of  a  little 
trouble  and  ingenuity  it  is  generally  possible  to  use  them 
almost  exclusively  on  large  switchboards.  Their  relia- 
bility from  all  points  of  view  is  so  superior  to  that  of 
any  other  type  that  they  should  undoubtedly  be  used 
wherever  possible. 

One  curious  effect  of  the  mechanical  stresses  accompany- 
ing the  flow  of  current  is  the  tendency  of  knife-type  dis- 
connecting switches  to  open  automatically  under  a  heavy 
rush  of  current.  The  effect  is  similar  to  that  which  tends 
to  increase  the  perimeter  of  a  conductor  forming  a  closed 
loop,  and  does  not  exist  if  the  conductors  above  and  below 
the  switch  are  in  line  with  it.  It  is,  however,  remarkable 
how  small  a  deviation  from  a  straight  line  is  required  to 
give  this  action.  Fig.  i  shows  a  disconnecting  switch 
which  under  a  severe  short-circuit  opened  automatically. 
If  it  had  not  been  actuall}'  experienced  1  think  one  would 
doubt  the  probability  of  sufficient  force  being  produced, 
with  the  arrangement  shown,  to  open  the  switch,  as  this 
requires  a  pull  of  several  pounds.  This  disconnecting 
switch,  more  than  anything  I  have  seen,  brings  clearly  to 
one's  mind  the  importance  of  attention  to  these  mechanical 
stresses  throughout  the  electrical  equipment  of  a  modern 
large   power-supply  system. 

Even  in  tlie  case  of  straight  copper  connections  there 
may  be  considerable  stress  under  short-circuit  conditions. 

As  an  illustration  I  will  take  the  case  of  a  line  of  busbars 
spaced  at  18  in.  centres,  each  individual  bar  being  sup- 
ported at  intervals  of  3  ft.  In  the  event  of  a  short-circuit 
between  two  adjacent  bars  sufficient  to  produce  a  momen- 
tary current  of  100,000  amperes,  each  busbar  support 
would  according  to  theoretical  calculation  experience  a 
force  at  right  angles  to  its  axis  of  some  900  lb.  Now 
100,000  amperes  is  a  large  but  by  no  means  impossible 
current ;  it  probably  represents  the  maximum  instan- 
taneous short-circuit  current  of  about  50,000  kw.  of  gene- 
rating plant  at  5,000  volts.  The  forces  are  peculiarly 
destructive,  as  they  are  of  a  pulsating  nature.  The  severity 
of  the  stress  is  of  course  increased  if  the  conductor  is  at  all 
able  to  move  in  its  fastenings  so  that  it  can  deliver  a  blow 
to  the  supports.     There  is  one  incidental  precaution  which 

♦  C.  p.  Steixmetz.  Mechanical  forces  in  magnetic  fields.  Tram- 
actions  of  the  American  Institute  of  Electrical  Engineers,  vol.  30,  p.  307, 
1911. 
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make  this  a  little  clearer  I  show  in  Fig.  2  the  variation 
in  effective  voltage  drop  of  a  feeder  due  to  a  5  per  cent 

fl_i~i 

It  is  obvious  that  on  low  power  factors  the  permissible 
length  of  feeder  iinist  bo  reduced,  as  this  is  settled  by  the 
voltage  drop.  The  simplest  way  out  of  the  difficulty  is  to 
provide  in  addition  to  the  reactance  coil  a  voltage  regulator 
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on  each  feeder,  which  can  be  adjusted  to  maintain  the 
voltage  constant  at  the  far  end  of  the  feeder  under  any 
normal  condition  of  loading.  In  cases  where  it  is  neces- 
sary to  use  feeder  reactance  this  appears  to  be  the  most 
satisfactory  solution,  particularly  if  the  necessary  reactance 
can  be  incorporated  in  the  regulator.  The  transmission 
system  can  be  more  economically  designed  with  a  regu- 
lator on  each  feeder,  as  it  is  possible  to  make  the  feeders 
share  tlie  load  more  evenly  than  Ihey  would  do  normally. 
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In  any  case  those  who  are  considering  the  adoption  of 
feeder  reactance  are  faced  with  the  problem  that,  unless 

the  power  factor  of  the  load  is  exceptionally  good,  either 
additional  feeders  or  feeder  regulators  will  be  rendered 

necessary  sooner  or  later. 

On    the   whole    it    is   desirable   that   the   expense   and 

difficulties  introduced  by  the  use  of  reactance  should 
be    avoided    as    far    as    possible,   and    for   dealing   with 
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mechanical  stresses  it  is  first  of  all  desirable  to  have  the 
apparatus  throughout  so  mechanically  constructed  as  to 
offer  the  greatest  resistance  to  damage.  Having  done  this, 
the  aid  of  reactance  should  be  called  in  discreetly,  using 
generator  reactance  as  freely  as  necessary,  feeder  reactance 
only  when  really  essential  for  safety,  and  reactance  between 
busbar  sections  not  at  all,  or  only  in  exceptional  circum- 
stances on  large  networks. 
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Report  Issued  by  the  International  Electrotechnical  Commission.* 


Introductory  Remarks  ox  the  Standardization  of 
Symbols. 

In  so  far  as  electrotechnics  alone  are  concerned,  it 
would  seem  possible  to  standardize  symbols,  and  the 
following  principles  have  served  as  the  basis  in  the 
attainment  of  this  object : — 

The  symbols  must  be  clearly  distinguishable  one  from 
another  when  writing  with  a  pen  on  paper,  with  chalk  on 
a  blackboard,  or  with  a  typewriter.  In  the  printed  text,  it 
is  advisable  to  use  a  different  type  for  the  symbols  from 
that  of  the  text.  It  is  desirable  also  that  in  ordinary  hand- 
writing one  should  not  be  obliged  to  add  distinctive  signs 
to  symbols  to  specify  the  type  to  be  employed.  It  should 
be  possible  to  spell  out  the  symbols  when  writing  them 
on  the  blackboard.  Finally,  preference  should  be  given 
to  those  symbols  already  in  common  use.  From  this  it 
will  be  seen  that  it  is  impossible  to  make  a  distinction,  in 
ordinary  handwriting,  between  Roman  letters  and  italics, 
and  that  small  roundhand  letters,  being  too  difficult  to 
differentiate  from  the  above,  cannot  be  used.  It  is  generally 
agreed  to  abandon  Gothic  t3'pe,  as  requiring  too  long  a 
time  in  writing.  Finally,  many  of  the  Greek  capitals  are 
identical  with  Roman  capitals.  Taking  the  above  points 
into  account,  there  remain  about  one  hundred   symbols 

'  Official  copies  of  this  Report,  in  pamphlet  form,  can  be  obtained 
from  the  Central  Office  of  the  International  Electrotechnical  Com- 
mission, 28  Victoria-street,  Westminster,  S.W. 


available  in  Roman,  Script,  and  Greek  type,  of  which 
several  are  already  used  for  mathematical  symbols  and 
which  are  necessary  for  the  purposes  of  the  electrician.  A 
list  of  symbols  most  frequently  needed  in  electrotechnics 
is  appended  herewith.  Taking  into  account  certain  sym- 
bols which  are  occasionally  made  use  of,  it  is  obvious  that 
there  will  be  none  left  for  purely  physical  or  mechanical 
quantities.  Thus,  in  the  same  formula,  electrotechnical 
symbols  may  occur  in  conjunction  with  other  symbols 
used  in  mechanics  and  physics  generally  ;  this  is  especially 
the  case  in  equations  containing  mass,  moment  of  inertia, 
speed,  density,  temperature,  quantity  of  heat,  etc.  The 
International  Electrotechnical  Commission  recommends, 
therefore,  that  in  such  cases,  for  physical  and  mechanical 
quantities,  the  symbol  habitually  used  by  physicists  and 
mechanical  engineers  should  be  employed,  if  this  symbol 
does  not  already  exist  in  the  formula  as  an  electrotechnical 
symbol.  If,  on  the  contrary,  it  already  exists  in  the 
formula,  it  is  desirable  that  it  be  accompanied  by  a 
distinctive  sign  or  that  the  notation  be  changed. 

Rules  for  Quantities. 

(a)  Instantaneous  values  of  electrical  quantities  which 
vary  with  the  time  to  be  represented  by  small  letters.  In 
case  of  ambiguity,  they  may  be  followed  by  the  sub- 
script "  t." 
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TAHLKS  OP  SYMHOl-S   AIXJI'TKD 

I      Ol^VTITIIs. 


rt  t*     If     1^     iff^ll  ^iki^V     It!    <1tOllttfli(  Jl       ia^^VA"* 


ytamm  M  ^i»»ami 


S)mt«M 


rwpre- 


a.  y«H     

J.  Time      

4.  AnKle» *• 

5.  Aocclmiioii  of  gniTitv 

6.  \V..ik      


la 

II. 
11. 

•3- 
•4- 
«5 
i6l 

«7 
18. 

««)• 
30. 
ji. 

22. 

-3- 


1  Itu  ;i>  til  unit 


Henod    .. . 

3wlT        ... 

Frequency 

,..  .    ■  ■ 

1 


^5 
16. 

a?- 
J8. 

»*■ 

3« 
3» 
33 

34 

35- 
36. 


Krsistivity 
Conductance    ... 
^uintity   of    electricity 
Flus-density,      electro- 
static 

constant 


Reactance 

I '   --;c- 


Mux 

ly,   magnetic 
Magnetic  tield 

Intensity  of  magnetiza- 
tion 

Permeability     

Susceptibility 


the 


and   Gem 
oiMinii  b\ 

t  It,.. 


t>ut 


A' 
A 
II' 
/• 


/ 

f 
H 

I 

h' 


0 
l> 

c 

L 
.M 
V 
/ 

S 

// 

y 


I     A.  M.  / 
to  l>crni|>i"v 


H' 


s 

at 

« 


o 
•c 

le 


1         •>! 


(c)  Maximum  values  of  periodic  electrical  and  magnetic 
I'jnnlilics  to  be  represented  by  capital  letters  followed  by 
:       -..! script  ■•  m." 


,  .1  bjr  the  AtMtriaa 

xaii    .aM;::cJ   wilthxil  further  di^ 

..^  it  ihc  Austnu  and  Ccmun  Cum- 


-rcond  C"!-.jrtin  i*  !'•  hr  **.;pf»lird  by  Ibe  Austriau 
.:  lurtlwr  di>cu»a<« 

i    !.         !.r     >vmbuU 

:  [fianv. 


II.  I'Nin.    SiuKs  roll  N'amu  or  Uvin. 

Signt  (or  iwmck  of  Electrical  l.'nil»  (o  bo  cmptuyed  ooiy 
Jter  numerical  values     - 


!      I.  Ampere 

'     I.  Volt 

j     3.  Ohm 
.  4.  Coulomb 
5.  Joule 
<>.  Watt 

7.  FaratI 

8.  Henry 

9.  Volt-coulon»b 

10.  W 

11.  V.  .      c 

I    12.  Amf>cre-hour 

13.  Millumpcre 

14.  Kilowatt     ... 

15.  Kiluvult-amperc 

16.  Kilowatt-hour 

m        sign  for  milli- 


A 

V 

C 
J 

w 

F 
H 

VC 

Wh 

YA 

Ah 

mA 

kW 

kVA 

kWh 

f,        sign  for  micro-  or  mkr- 
M        sign  for  mega-  or  meg- 


•  A»  a  >v 
visitMuilly  rt. 
luegohiu. 

HI.    \I  VTHI- u  tl  !._  II     SvviHOi.s    .%vi.    Ri  1  I  •,. 


Syatm 


Uw  I 


Jed 


Toul 

Partui :  .4 

Base  of  Napierian  logarithms' 
Imaginary  ^' —  I     ... 
K.iiio  of  oirciimference  to 


Summation,  integral 


be    u-i 

desirable  that  the  i  -  s»n'*x,  tan~"j 

certain  countries  b«.   ^ . ,  . ,     .  .1  by  arc  sin  4 

3.  The  comma  and  the  full-stop  shall  be 

separating  the    '- '  ■  '   ■.;  to  the  ^u, 

country,  but  thv 


:  in 

I 

for 

the 


'.  any  three  digits  coo- 
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stituting  a  whole  number  shall  be  indicated  by  a  space  and 
not  by  a  full-stop  or  a  comma  (i  coo  oooV 

3.  For  the  multiplication  of  nunihcis  and  Geometric 
quantities,  indicated  by  two  letters,  it  is  rfcoiiimended  to 
use  the  sign  x,  and  the  full-stop  only  wlicn  there  is  no 
possible  ambiguity. 

4.  To  indic.ite  division  in  a  formula,  it  is  recommended 
that  the  horizontal  bar  or  the  colon  be  employed.  Never- 
theless the  oblique  line  may  be  used  when  there  is  no 
possibility  of  ambiguity  ;  when  necessary  ordinary  brackets 
(  ),  squ.are  brackets  T  1,  and  braces  ■[  [  may  bo  employed 
to  obtain  clearness. 


IV.  Abbrisviations  for  Weights  and  Measures. 
Length  : — m  ;  km  ;  dm  ;  cm  ;  mm  ;  /i  =  o'ooi  mm. 
Surface  :— a  ;  ha  ;  m' ;  km"  ;  dm"  ;  cm" ;  mm'. 
Volume: — 1;  hi;  dl  ;  cl ;  ml;  m ' ;  km^ ;  dm';  cm3;  mm^. 
Mass  :— g  ;  t ;  kg  ;  dg  ;  eg  ;  mg. 

V.  Name  I'-or  Ki.ectrical  Unit. 
The  International  Electrotechnical  Commission  will 
recommend  to  the  International  Congress  of  the  Appli- 
cations of  Electricity,  to  be  held  in  San  Francisco  in 
1915,  the  adoption  of  the  name  "Siemens"  for  tlie  unit 
of  conductance. 


PROCEEDINGS    OF    THE    INSTITUTION. 

ORDINARY   MEETING   OF   12   NOVEMBER,   1914. 

Proceedings  of  the   570th   Ordinary  Meeting  of  the    Institution  of  Electrical   Engineers, 
held  on  Thursday,   12   November,  1914 — Sir  John   Snell,  President,  in   the  chair. 

The  minutes  of  the  Ordinary  Meeting  held  on  29  October,  1914,  were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  and  transfer  approved  by  the  Council  for  ballot  was  taken  as  read, 
and  was  ordered  to  be  suspended  in  the  Hall. 

The  President  :  I  have  to  announce  that  in  view  of  the  large  number  of  copies  which  have  been  sold  of 
tlie  Model  General  Conditions  for  Contracts  the  price  has  now  been  reduced  to  6d.  per  copy,  or  yd.  post  free. 

A  paper  by  Mr.  C.  J.  Beaver,  Member,  entitled  "Cables"  (see  page  57),  was  read  and  discussed,  and 
the  meeting  adjourned  at  9.52  p.m. 


ORDINARY   MEETING   OF  26   NOVEMBER,    1914. 

Proceedings  of  the  571st   Ordinary  Meeting  of  the    Institution    of   Electrical    Engineers, 
held  on  Thursday,    26  November,    1914 — Sir  John  Snell,   President,  in  the  chair. 

The  minutes  of  the  Ordinary  Meeting  held  on  12  November,  1914,  were  taken  as  read,  and 
confirmed. 

Messrs.  T.  Stevens  and  W.  A.  A.  Burgess  were  appointed  scrutineers  of  the  ballot  for  the  election  and 
transfer  of  members,  and,  at  the  end  of  the  meeting,  the  result  of  the  ballot  was  declared  as  follows  : — 


Member. 
McKinstry,  Archibald. 

Associate  Members. 

Anderson,  Arthur  Augustus. 
Binyon,  Basil,  Lieut.  R.\. 
De  Renzy,  William. 
Lang,  William  Holland. 

Associate  Member  to  Member. 
Hay,  John  Angus. 
Lonsdale,  William  Stanley. 
Matthews,  John  Charles  M. 
Westwood,  Ernest  Herbert  W. 


Elections. 

Graduates. 
Carey,  Theophilus  Mattingly. 
Dale,  Tom  Jesse. 
Harrison,  William  Charles. 
Marr,  Albert  William. 
Norman,  Harry. 
Rickwood,  Henry  Asher. 
Whaley,  Ralph  Stanley. 

Students. 
Abbott,  Geoffrey  Joseph. 

Transfers. 
Student  to  Associate  Member. 
Carey-Thomas,  Hubert. 
Cranston,  Walter  Muir. 
Goddard,  Leslie  Ward. 
Goulden,  Charles  Herbert. 
Martin,  Leonard  Cadoux. 
Smith,  William  Balfour. 


Students — contin  ucd. 

Dawnay,  Cuthbert. 
Gilbert,  Herbert  Williams. 
Hyde,  Cecil  Lewis  Garmston. 
Khan,  Lutfe  Ali. 
Partridge,  Charles  Frederick. 
Sahgal,  Sukhbashi  Ram. 
Skinner,  Harold  Edward. 
Stubbings,  Charles  Henry. 
Tosta,  Joaquim  Teixeira. 

Student  to  Graduate. 
Annacker,  Joseph  Peter. 
Brazier,  Clifford  Claude  H. 
Dubash,  Peshoton  Sorabji  G. 
Hugo,  Leon  Pierre  de  Graaff. 
Matthews,  Frank  Percy. 
Munro,  John  William  W. 


the 


Graduate  to  Associate  Member. 
Price,  Howard. 

The    President   announced    that    the    Council   had   elected    Professor   Eric   Gerard,    Director   of 
Montefiore  Electrotechnical  Institute  at  Liege,  an  Honorary  Member  of  the  Institution. 

A  paper  by  Mr.  W.  M.  Selvey,  Member,  entitled  "Power  Plant  Testing"  (see  page   109)  was  read 
and  discussed,  and  the  meeting  adjourned  at  9.50  p.m. 
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«<iJ»«e<]ocn(lv  >Mr  oMa'nwl  when   t(>r   l"3d  fac1'»r  (•■  to  prr 


FOWKR    I'L.ANT   TKSTINCi. 
Uy  \V.  M.  Selvev,    Member. 

{P>»f<r  rftrny^  <o  ▼»•<•,  iqn  ■  if,t4  hr^trr  Tmi>  I vWrnt'TUiK  16  'SiM^emktr,  bttiHt  Iht  BiitMiKUHAM  LocAL  SccnoM  J5  Sirermhtr. 

•  lul  4  Ihtrmbtr,  Miirt  Ikt  MAKCHUrrKH  LajcaL  SecnoK  I  Utifmhtr,  am,i 

,14) 

The  aufhor  his  thou^il  ll«l  a  few  notes  on  the  «.uhiect 
of; 
ihii 

might  t>c-  01  »oinc  incinlH-rs  ot  the  Institution. 

His  rcniirk>  ..  cd  to  steam-driven  power  stations. 

I'p  to  quite  recently  this  subject  had  not  assumed  from 
the  power-station  point  of  view  the  iniportaiicc  that  is  now 
undoubtedly  attached  to  it.  The  change  that  has  come 
about  is  a  result  of  the  progressive  advance  in  what  is 
represented  by   the  term   "  load   factor." 

1  V  ••  electric  lifjht  "  days  I  item  in  the 

CO-;  ■  was  the  ■' interest  and  i.  in"  in  con- 

nection with  the  capital  cost  of  the  plant  installed.  At 
that  time  the  correct  policy  was  to  install  cheap  plant  that 
»-as  relatively  inefficient,  provided  always  the  price  of  the 
plant  was  oot  cut  down  at  the  expense  of  reliabihty.  This 
pluse  of  electrical  development  lias  often  been  described 
as  the  "  1." 

The  <  more  successful  undertaking;-, 

arc  'icr  kind.     Time  li.i> 

shi.'  Clin  thcrmo-dynamic 

eflficiency  ot  power  plant,  an  item,  which  is  now  termed 
obsolescence^  was  omitted  from  the  old  balance  sheet. 
Recasting  the  balance  it  is  now  seen  that  this  item  stands 
out  prominently  (or  should)  compared  with  the  real 
interest  and  depreciation,  which  latter  are  essentially  of  a 
diffi  not  only  when  com- 

pai  !>ut   also  with  distri- 

bui 

'1  :->  a  nutter  open  to  discussion,  it  is  the  author 

opinion  that  unless  provision  is  definitely  made  for  replac- 
ing obsolete  plant  out  of  revenue,  no  lunger  than  ciglit  to 
ten  ycar«  should  be  allowed — if  not  on  paper,  at  least  in 
the  mind  of  the  buyer — for  complete  obsolescence  of  plant 
purchased  at  the  present  time  and  rated  at  less  than 
5,000  kw.  in  the  case  of  turbo-alternators,  or  30,000  lb.  per 
hour  for  boilers 

I  .^  that  wi;  1  years  the  pa^i. 

anil  Mt  tile  pn  ^c  of  Itad  factor 

will  have  disappeared.     Further  improvements  which  uill 
Vol.  53. 


Its  point  ot  application,  so  to  speak,  will  have  ni 

past  the  sub-statiun  and  be  much  nearer  the  c*- 1 

terminals. 

There  is  no  doii' '   '         "'  ers  oi    on'  '      '     :; 

electric   »upplv   uir  re    are    i: 

half  a  do/ 
extcnsivc 
('\viii)j  t"  : 

known    a-  _  - 

leading  feature  in  the  purchase  of  power  plant. 

.\  short  illustration  may  bring  home  the  meaning  of  this, 
though  the  figures  must  not  be  lakeo  as  esacL 

Take  a   turbo-alternator    set    having  a   maxiir. 
tinuous    load  of  10.000  kw.  and  a  most   econoi: 
of   7,500   kw.,   and    which   is   to    be  used    on 
whrre   on   the    average   it    will    be   !o:idr;1    in    - 
.  lurs  per  annum.     The  1. 

by  this  machine  is  6,>   :  ,  \ 

vaiiation  of  1  per  cent  in  this  output,  taken  on  a  coal  cost 
of  oijd.  per  unit,  is  i'375  per  annum.  Cipitalired  on  the 
basis  of  8-years'  life,  this  is  equivalent  to  ii^.ooo.  Thus,  ol 
two  ..  '  '  ' 

of  I-- 
till-  l'tl.^1 

...... 

r.     The  actual  dii! 
i-ver,  would  not  he  : 
i-'.oao  to  £ifiOX    These    figures,    though    int. 
approximate,  are  near   enough  to  compare  witii    %j..    ..> 
l>onus  .uid  penalty  clauses  which  have  l>een  effected  from 
tunc  to  time,  ai.  "  '  . 
accuracy  of  Ic- 
|>er  cent  \\ 
terms  of  o 

iliat  is  to  say,  le:>s  than   i   per  ceni  01  itie  total  ctm- 
sumption. 

In  the  author's  opinion  a  strong  case  can  be  made  out  to 
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justify  very  considerable  care  and  expense  in  the  testing  of 
such  a  plant.  The  accuracy  of  the  test  should  lic  worthy 
of  the  aims  of  the  manufacturer. 

There  are  several  firms — not  counting  simple  licensees — 
who  are  endeavouring  to  utilize  every  possible  advance  in 
efficiency  in  the  design  of  their  machines,  but  are  com- 
pelled at  the  present  time  to  quote  prices  tliat  do  not  in 
any  sense  take  into  account  the  actual   efficiency  obtained, 


and  above  that  which  can  take  an)-  part  in  the  combus- 
tion of  the  fuel. 

In  Figs.  I  to  3  the  efficiency  obtainable  is  expressed 
in  terms  of  the  CO.,  and  the  final  temperature.  Fig.  i 
is  for  a  Staffordshire  slack  coal,  and  Figs.  2  and  3  are 
for  a  Northumberland  steam  coal.  The  ideal  percentage 
of  COj  varies  with  the  ratio  of  hydrogen  to  carbon  in  the 
coal,  but  in  most  English  coals  the  variation  is  not  more 


NOTES  :- 

Fan  power  omibbed 
Staffordshire   slack   coal, 

calorific  value  11,160 


Efficiency     of    Boiler 
in  terms  of  excess   air  and  flue  temperature 


Carbon 62-2"% 

Hydrogen 4-I5S 

Moisture 8-6% 

Ash •io-4% 

Boiler  radiation  and    unburnb 


60 


160  260  360  460 

Flue    temperature    in   degrees    FahC 
(Atmospheric     temperaiure  -  60  °F.) 

Fig.  I. 


560 


660 


while  on  the  score  of  reliability  unfortunate  occurrences 
are  by  no  means  confined  to  any  one  maker  or  any  one 
tj'pe  of  machine. 

The  value  of  i  per  cent  of  the  output  must  also  be  taken 
into  account  in  the  boiler  house.  Sufficient  has,  however, 
been  said  to  indicate  the  atmosphere  of  modern  advance 
in  power  plant  at  the  present  time,  and  the  bearing  of  the 
question  of  accurate  testing  on  the  subject. 

It  is  proposed  to  consider  the  various  plant  installed  in  a 
power  station,  noting  their  efficiencies  and  the  methods 
available  for  establishing  the  latter,  and  taking  them  in  the 
following  order  : — 

(i)  Boilers  and  economizers. 

(2)  Turbines  and  alternators. 

(3)  Condensers  and  air  pumps. 

(4)  Auxiliaries  :  Cooling  towers,  fans,  pumps,  etc. 

Boilers  and  Ecoxomieers. 

The  efficiency  of  boilers  has  received  much  attention  of 
late  years,  owing  to  the  energetic  advertisements  of  makers 
of  COj  apparatus.  The  use  of  the  term  COj,  meaning 
thereby  the  percentage  of  carbon  dioxide  in  the  flue  gases, 
has  become  very  common.  It  is  a  convenient  way  of 
denoting  the  amount  of  excess  air  in  these  flue  gases  over 


than    will    cause    the   ideal  amount  of  CO,  to  vary  from 
18  per  cent  to  19  per  cent. 
Since  this  is  one  of  the  principal  measurements  in  boiler 


160 


II  13  15 

Percentage   of  COj 

Fig.  ia. 


testing,  the  author  may  be  pardoned  for  calling  atten- 
tion to  a  modified  form  of  Orsat  apparatus,  shown  in 
the  lantern  slide,  which  has  been  developed  for  readily 
analysing  the   sample  taken.     The   variations  from  other 
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1 -i,  but  llwy  laad  lo  crMler  aocuni«.>  .....  i...  -  ,^.. 

»l>ccd  in  wotkiii^.  are  only  Iwu 

Il>  .1. 

Ill  pvi.     U.  .1  ,\ 

ki.  I-    <lr.tW!  (^        111." 

r 

loi^.        >^        .  .        ■  „  1  -.-   ---  -_. ... . 

(raciiun  ul  thi>  iiuin  kiicani.     A  liillc  l<l>ol^  hiuwrr,  or,       aiid  not  diftcull  (o  mnedy. 

what  Ik  ktill  kiiiiplcr,  a  >iiull   »lcaiil  cjcclui,  it  ciiipluyrd 

for  Itiu  pur|>oiic.  .iOr 


iy)y)03eo4<»'t50500.sjo6oo6«0700750 

Flue    CemperAUire    m    dcgrtes    Tdihr. 

Flo.  J 


The  diagrams  iudicalc  that  the  other  main  measurement 
which  determine  the  efficiency  of  the  boiler  i»  tliat  oi  the 
final  tcnipcniturc. 

The  uuthuf  lias  (or  some  years  used  platium — platinuni- 
rhi  I'lci  for  (he  higher  leuii^ialure>,  and   copper 

—  ^  litantin  cuuplc:>  suppiitd   by   the  Canibrittgc 

SciciiiiiiL  lii'-tiuinent  Company  and  checked  at  the 
National  I'iiVMCal  Laboratory.  The  rc:>ults  have  been 
entirely  !>ati!>factory,  particularly  when  the  wires  are 
insulated  with  the  ■  Viireobil  "  product  of  the  Thermal 
Syndicate. 


HLai2"t09"5'7        6 
PercenCAge  of  COj  in  flue  gases  bfj'OrsAC 
appATdiUtS 


Kic.  %. 


.Vjir.— Thl»  It  *  cuap. 


'■  u  Bcfdj  i  cktrgi  jt 


I'he  loss  by  unburnt  fuel  can  certainly  be  reduced  to  to 
or  15  per  cent  of  1! 
as  2  per  cent.     Koi 
S  per  cent   lias  b«.i  llic?<:   l»o  iun>c^ 

It   may   here  be  :  ...    ••»tc  lo  gi\c  the  author  » 

opiniuii  as  10  what  constitutes  good  praclKr.  vklncli 
depends  \-ery  much  on  the  cUus  ot  coal  and  the  (uiiucc 
construction. 

He  has  so  far  not  »een  a  >toker  r.-  '  • 
that  does  not  mSct  either  in  n: 
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coal  is  either  too  bad  or  too  good.  If  the  boiler  is  designed 
for  a  good  coal,  and  by  this  should  be  undcistood  a  coal 
giving  anything  above  u.Soo  B.Th.U.  as  fucd,  or  below 
8  per  cent  of  ash,  it  cannot  maintain  combustion  at  all 
with  some  coals.  If,  on  the  other  hand,  the  boiler  is 
designed  for  a  bad  coal  (11,000  B.Th.U.,  or  less  as  tired, 
or  above  lO  per  cent  of  ash)  the  temperatures  attained  when 
working  at  its  best,  and  with  good  coal,  are  such  that  no 
brickwork  will  stand.  The  best  working  can  onl}^  be  got 
by  keeping  the  quality  as  uniform  as  possible,  and  this 
is  the  real  ditlicnlty. 

The  author  has  while  testing  a  sample  lo-ton  truck- 
load  ■=  of  coal  on  a  100  sq.  ft.  grate,  found  the  amount 
of  COj  to  drop  from  14  per  cent  to  8  per  cent,  and  the 


Fig.  4. — Apparatus  for  Sampling  Flue  Gases. 

evaporation  from  30,000  lb.  to  18,000  lb.  per  hour,  and  he 
expects  that  others  have  had  a  similar  experience. 

With  a  stoker  and  furnace  specially  designed  for  coal 
with  a  Very  high  proportion  of  duff,  with  which  only  8  per 
cent  of  COj  could  be  got  with  great  effort,  a  run  of  good 
coal  has  softened  the  arch  and  made  tlie  walls  "  run  in  "  in 
less  than  an  hour. 

It  is  comparatively  easy  to  produce  an  amount  of  CO, 
ranging  from  12  per  cent  to  14  per  cent  on  a  chain  grate 
with  a  long  arch  when  the  duff  is  not  above  30  to  40  per 
cent;  but  when  this  rises  above  60  per  cent  it  has  an  extra- 
ordinary blanketing  action  on  the  fire,  and  it  is  difficult  to 
keep  the  amount  of  COj  up  to  8  or  g  per  cent,  even  under 
test  conditions.  To  sum  up,  an  average  of  10  per  cent 
would  be  exceedingly  good  working.  This  refers  to  the 
*  A  suggested  standard  amount  of  coal  for  a  trial. 


gases  at  the  boiler  exit.  The  amount  of  CO,  at  the  econo- 
mizer exit  is  often  2  per  cent  lower,  and  this  difference  is 
one  that  will  repay  close  attention. 

If  anything  can  be  done,  it  is  well  to  separate  as  far  as 
possible  the  known  bad  coals,  and  to  burn  them  on  a 
specially  arranged  furnace  adapted  for  such  types  of  fiiel. 
A  scheme  .something  like  this  has  been  adopted  at 
Birmingham  for  the  riddlings,  and  was  referred  to  by 
Mr.  K.  U.  Bailey  at  the  discussion  on  Mr.  Feddcn's  paper  =!■ 
before  the  Incorporated  Municipal  Electrical  Association 
this  year.  Members  can  also  apply  their  knowledge  of 
their  local  conditions  to  the  curves  in   Figs.  1   to  3. 

The  size  of  the  economizer  has  a  large  effect  on  the  final 
temperature.  The  temperatures  on  full  load  should  be 
taken,  say,  24  hours  after  sweeping,  and  should  be  used  as 
a  standard.  If  at  any  subsequent  time  the  boiler  exit 
temperature  is  found  to  be  150°  F.  higher,  or  the  economizer 
outlet  to  be  100°  F.  higher,  the  boiler  needs  cleaning. 

Values  of  600°  F.  for  the  former  and  350°  F.  for  the  latter 
may  be  considered  satisfactory.  The  lowest  temperatures 
that  the  author  has  met  with  in  this  connection  are  about 
450°  F.  for  the  boiler  outlet,  and  240°  F.  for  tlie  economizer 
outlet.  He  is  informed  that  temperatures  as  low  as  160°  F. 
have  actually  been  obtained,  but  this  was  probably  with  a 
co-operative  economizer  with  only  a  few  of  the  boilers 
working. 

Remarks  bearing  on  the  arrangement  of  the  economizer, 
the  temperature  of  tlu  feed  water,  and  the  fan  power  have 
already  been  published  in  the  Journal  \  and  need  not  be 
here  repeated.  A  result  therefore  of,  sa)',  10  per  cent  CO, 
and  300°  F.  final  temperature,  both  measured  at  the  econo- 
mizer outlet,  may  be  considered  a  good  test  result.  The 
author  thinks  that  many  engineers  are  unaware  of  the 
average  amount  of  CO,  in  their  boiler  houses,  and  he  would 
be  surprised  to  iind  if  when  taken  over  the  24  hours  it  was 
in  many  cases  anything  hke  as  high  as  6  per  cent.  It  is  in 
this  direction  that  close  supervision  in  the  boiler  house 
will  p.13',  not  during  morning  and  evening  peaks  when 
conditions  are  at  their  best,  but  at  the  times  of  light  load 
and  during  the  night. 

From  the  operation  point  of  view  of  testing,  this  com- 
pletes the  case  for  efficiency,  but  from  the  point  of  view 
of  the  contractor's  test  and  commercial  coal  testing  it  is 
advisable  that  one  boiler  of  a  type  should  be  set  aside  for 
testing  work,  and  fitted  up  with  measuring  instruments. 

A  sample  truck  or  trucks  of  coal  can  then  be  run  through 
the  grates,  and  the  actual  evaporation  measured.  The 
author  does  not  wish  here  to  go  into  the  question  of  hand 
and  automatic  sampling,  except  to  mention  in  passing  that 
with  accepted  methods  of  hand  sampling  discrepancies  of 
as  much  as  7  per  cent  have  been  obtained  in  his  own 
experience,  and  also  in  that  of  co-workers  in  the  United 
States,  who  as  is  usual  have  gone  into  the  question  on  an 
extensive  scale. 

Even  if  the  sample  is  correctly  taken,  the  author's  feeling 
in  the  matter  would  always  lead  him  to  have  the  sample 
analysed  by  a  cliemist  of  special  experience,  and  he  is 
greatly  indebted  to  a  well-known  chemist  for  making 
many  of  his  attempts  at  accuracy  in  this  direction  at  all 
possible. 

*  S.  E.  Fedden.  Design  and  operation  of  modern  boiler-house 
plant. 

t  Jounial  I.E.E.,  vol.  52,  p.  481,  1914. 
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Fig.  s. — Diacramnulic  Sketch  shuwing  Arrangcniciil  for  Meaiiuring  Water  Pumped  to  Itoilers  or  diichargcd  from  Turbine*. 


during  which  the  thickness  of  fire  may  be  adjusted.  Alter 
slarting  on  the  writhed  coal,  the  thickness  must  not  be 
altered,  any  regulation  being  done  on  the  speed  of  the 
|<rate. 

Tl'KBlKKii  .\XU  GENEHATORS. 

Mils  1-         ■    ■  ■ 
of  powti 

drawn  at  (Ui.  piociit  liiiii.-,  uiid  lu  ihc  aulhui  >  upiiiiuu 
there  is  none  that  has  been  developed  lo  so  great  an 
accuracy. 

As  regards  the  steam  end  of  the  plant,  measurements  of 
the  temperature  of  the  steam  have  been  greatly  improved, 
both  by  the  use  of  the  Whipple  indicator  and  by  the 
specially   adaptetl    form    of    thermometer   described    last 

*  The  laolcm  iIhIc  ihow«  an  alteniatu'c  apparalw. 


the  measureil  temperature  was  very  much  bc!"w  that 
previous   to  the   expansion   of   the   gases.  >i 

the  result  of  stilling  the  ordinary  steam  '. -  in- 
volved in  this  question  is  calculated,  it  will  be  seen  that 
t!li^  piiiiit  ib  of  little  importance. 

.\-     fc;^.iid5     procure    nie.tsurements,    large     pressure 
-    -irc    very    s.r  if    used 

.  !"fcked  on  a  ^ht  "  tr^'. 

t  ~   are   also   supplie«l   by 

t.  I  most  cases  tins  inca^.. 

itn(K>rtance,  but  in  certain  cases  where  detect  in 
reduces    the  output  of    the    plant    it   bocoiucs    -- 
importance. 

Tlu  •  c  at  the  exhaust  end  ot 

the  t  Aith  the   tuil'iae  itscU. 

*  tmfimnrtmt,  vaL  ifk.  p.  457.  191 1- 


114 


SELVEY:   POWER   PLANT   TESTING. 


and  mainly  concerns  the  condenser.  The  vacuum  should 
be  measured  at  the  cxliaust  flange  of  the  turbine — a  dilTiciilt 
but  most  important  measurement. 

The  author  has  never  seen  a  really  satisfactory  mercury 
column  suitable  for  peripatetic  testing,  and  has  always 
manufactured  his  own.  He  has  also  found  it  necessary 
to  have  a  special  aneroid  barometer  made  for  this  work. 
After  using  a  mercury  barometer  for  some  years  he  was 
thankful  to  keep  it  hung  up  as  a  standard  and  to  use  an 
aneroid  barometer,  which  has  been  brouglit  to  a  very 
high  state  of  perfection.  A  good  stop-watch  is  so  excel- 
lent a  piece  of  apparatus  as  to  call  for  praise  rather  than 
comment. 

The  measurement  of  the  condensed  water  offers  little 
difliculty,  thanks  to  the  manufacturers  of  weigh-bridges. 
The  accuracy  of  these  can  be  easily  made  better  than  one 
in  a  thousand  (o'l  per  cent)/-  which  is  the  ideal  that  the 
author  thinks  ought  to  be  aimed  at  in  each  individual 
measurement  in  turbine  testing  if  the  final  figure  is  to  have 
anything  like  an  absolute  accuracy  of  i  per  cent. 

The  tank  and  the  electrical  meter  measurements  should 
be  absolutely  correlated  by  bell,  light,  and  telephone 
signals,  without  the  intervention  of  the  time  element  at  all. 
It  should  be  purelj'  a  measurement  of  matter  against 
energy. 

Electrical  Meters  for  Generator  Outputs. 

(a)  Continuous  current. — The  circumstances  of  con- 
tinuous-current measurements  unfortunately  render  it 
necessary  in  most  cases  to  depart  from  the  ideal  laid  down 
in  the  previous  p.iragraph,  as,  owing  to  the  temperature 
coefficient  of  almost  all  large  continuous-current  watt-hour 
meters,  it  is  a  better  policy  to  use  precision  voltmeters  and 
ammeters  except  with  extremely  variable  loads.  Even 
then,  there  are  many  precautions  to  be  taken.  Stray  fields, 
often  severe,  affect  not  only  watt-hour  meters,  but  even 
reasonably-shielded  indicating  instruments.  For  this 
reason  it  is  well  to  re-check  any  instrument  against  its 
test-room  calibration,  by  means  of  a  potentiometer  and 
standard  cell,  when  the  inurnment  is  actually  in  situ. 
If  this  is  inconvenient,  long  leads  should  be  provided 
at  the  time  of  the  test-room  calibration  so  that  the  posi- 
tion of  the  instruments  may  be  chosen  with  considerable 
care. 

Further,  the  main  shunt  should  be  designed  and  fixed 
with  more  insight  than  is  usual  with  shunts  for  ordinary 
switchboard  instruments.  Errors  due  to  change  of  resist- 
ance, unequal  heating,  and  thermo-electric  effects,  are 
quite  appreciable  if  the  temperature  approaches  85°  F.  It 
is  well  !o  arrange  to  include  thermometers  inside  test 
instruments,  the  bulb  being  placed  close  to  the  actuating 
part.  Without  excessive  pressure-drop  in  the  shunt  the 
temperature  coefficient  of  these  instruments  is  likely  to  be 
more  thano'03  per  cent  per  i"  F. 

(6)  Three-pliase  current. — The  author  has  had  experience 
with  the  meters  of  only  two  of  the  principal  electrical  firms 
of  this  country,  in  conjunction  with  Mr.  Fawssett  of  the 
Newcastle-upon-Tyne  Electric  Supply  Company,  to  whom 
he  is  indebted  for  much  of  his  knowledge  of  continuous- 
and   alternating-current   meters   and   whose   efforts   have 

•  In  a  particular  instance  the  error  of  a  new  machine  was  less  than 
5  lb.  in  35,000  lb. 


resulted  in  a  progrcssingly  increasing  accuracy  of  these 
meters  under  test  conditions.  The  National  Physical 
Laboratory,  whose  work  in  this  direction  is  beyond  praise, 
have  tried  to  get  the  method  of  using  these  meters 
standardized,  and  it  is  the  author's  opinion  tliat  the  only 
satisfactory  method  is  to  take  in  duplicale  llie  whole  set  of 
pressure  transformers,  current  transformers,  leads,  and 
meters,  to  the  National  Physical  Laboratory — or,  say,  the 
Manchester  University — before  a  test,  have  them  thoroughly 
checked,  and  then  tally  every  lead  on  breaking  circuit. 
All  the  gear  should  then  be  brought  by  hand  to  the 
user.  The  meters  should  be  mounted  in  a  remote  con- 
trol room,  quite  cool  and  free  from  vibration,  the  length 
and  section  of  the  leads  having  been  prearranged  to  allow 
for  this. 

By  following  this  method  results  have  been  obtained  that 
are  quite  consistent  with  the  ideal  o'l  per  cent  in  regard 
to  the  comparative  behaviour  of  two  complete  and 
independent  sets  of  meters  and  transformers. 

With  some  forms  of  switchgear  it  is  only  possible  to  take 
the  maker's  word  for  the  ratio  of  the  transformers,  if  the 
testing  is  to  be  done  "on  the  system,"  which  it  always 
should  be  if  possible.  The  meters  alone  are  then 
checked.  This  may  give  fairly  satisfactory  results  in  the 
hands  of  an  expert  if  the  meters  are  run  on  unity 
power  factor.  Efficiency  tests  should  always  be  run  on 
unity  power  factor  unless  there  are  serious  reasons  for  the 
contrary. 

It  is  necessary  in  this  paper  to  omit  many  questions 
which  could  here  be  raised,  such  as  correct  phasing  in,*  the 
use  of  instrument  fuses  on  the  high-tension  side,  earthing 
a  common  point  of  the  pressure  and  current  secondary 
windings,  adjustment  for  power  factor,  and  the  regulation 
of  voltage  and  load. 

In  summing  up,  the  author  would  say  that  in  turbine 
testing  no  measurement  can  under  the  best  conditions 
yield  happier  results,  or  on  the  other  hand  more  serious 
discrepancies.  In  a  recent  case  within  his  own  experience, 
a  station  engineer  proposed  to  reject  entirely  a  turbine 
plant  on  results  obtained  by  using  the  mean  reading  of 
three  meters  which  differed  7  per  cent  among  themselves. 

Condensers  and  Air  Pumps. 

It  is  almost  impossible  to  arrive  at  any  just  appreciation 
of  a  condenser  performance  without  knowing  at  the  same 
time  the  air  leakage  with  which  the  air  pump  is  dealing 
and  the  rating  of  the  pump.  In  this  direction  the  Scanes 
gauge  will  be  a  great  educating  force. 

Five  years  ago  nearly  everybody  used  Edwards  air 
pumps,  and  but  for  the  unavoidable  cooling  of  the  con- 
densate and  the  upkeep  of  reciprocating  machinery  in  no 
respect  can  the  combination  of  a  Parsons  augmentor  and 
an  Edwards  air  pump  be  surpassed  in  reliability  or  capacity 
to-day,  neither  is  there  any  other  system  so  low  in  its 
power  requirements.  In  spite  of  this  they  are  seldom 
fitted  to  newer  plants.  This  seems  to  the  author  to  be  a 
most  striking  example  of  reciprocating  plant  being  super- 
seded by  rotary  plant. 

The  ability  of  a  steam  jet  to  handle  large  volumes  of 
gases  is  unequalled,  and  the  author  thinks  that  the  ultimate 

*  See  E.  Fawssett.  A  power  company's  testing  department, 
Journal  I.E.E.,  vol.  47,    p.   752,   1911. 
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The  amount  of  air  to  be  dealt  wilh  in  practice  varies 
greatly.  One  eminent  authority  cl4inis  to  have  reduced  it 
luo'lil^  "     '•(  steam.      Many  thinic  that  without 

^peclal  t   not  to  exceed  ot>  lb.  per  i.<«jo  Id. 

ul  iMunul  li-akb,  the 

aut  1  be  made  lor  ut 

lea>t  I  J  it),  ul  air  (>cr  l.ouu  lb.  ul  »lcam  for  plant»  of 
moderate  site,  and  for  i  lb.  per  i.oou  lb.  with  large 
plants.  Under  these  circuiiisiances  the  vacuum  main- 
tained by  the  air  pump  when  dealing  with  this  amount 
of  air,  but  disconnected  from  the  condenser,  should 
be  within  0-3  in.  (mercury)  of  the  vapour  pressure  of  the 
water  that  it  is  using.  The  author  would  like  to  hear 
the  opinions  of  air-pump  designers  in  regard  to  such  a 
standard 

I  ..;  of  the  air  pump  being  thus  settled, 

it  iL       .       .     ^jiformancc  of  the  condenser.     This 

depends  almost  entirely  on  the  steam  distribution.  The 
author's  fecUiig  is  that  the  buyer  should  specify  the  surface 
that  he  requires,  especially  if  he  is  at  all  troubled  with  dirty 
00:.  .       :.     In  this  case  it  is  well  to  arrange  for 

I  ■  -  for  every  5  lb.  of  steam  to  be  condensed 

pe:  :  lie  will  I  t  Condenser  that  will  run  a 

co:i  iiiiie  will.  ug or  much  loss  of  vacuum. 

The  author  thinks  that  expenditure  in  that  direction  is 
money  well  »pcut. 

With  the  introduction  of  modem  air  pumps,  figures  such 
as  7-10  lb.  per  sq.  ft.  per  hour  are  being  offered  even 
where  high  vacua  are  required.  The  author  suggests, 
a>  .  !  for  testing,  that  a  condenser  having  1  sq.  ft. 

01  'r    7    lb.   of   steam,  and  a  water  velocity  of 

O  1  '.lie  tubes,  together  with  the  air 

pu:  .'uld  be  expected  to  have,  three 

day»  alter  l>ru»liiug  the  tubes,  a  \-alue  of  "  K  "  not  less  than 
.^50,  and  he  would  invite  discusMoii  on  this  point.  Tlic 
onus  of  making  the  plant  airtight  would  thus  be  left  on  the 
contractor. 

By  "  K"  is  meant  the  number  of  B.Th.L'.  transmitted 
per  square  foot  of  surface  per  hour  per  degree  (Fahr.i 
mean  ilitlrrrnce  between  the  Icmperalurc  inside  and 
outside  ■  !c  uut>ide  being  assumed 

to  be  Ul.  .:   the  inlet,  and    the  water 

temperature  to  be  the  mean  of  the  inlet  and  outlet  tcm- 
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the  consumption  01  the  turbine  plant,  and  tteanng  in 
mind  the  value  of  1  per  cent  as  shown  in  the  intro- 
ductory remarks,  it  would  seem  to  be  a  mistake  to  try 
and  cut  down  the  height  of  the  chimney,  since  cooling 
towers  arc  so  cheap. 

.\s  regards   the    ■ 
care  is  necesvarv 
peratures.      1'^ 
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free  stream  ol  air  passing  over  them.  On  a  d. 
cooling-tower  lest  the  close  proximity  of  the  obs^  .  . 
to  the  dry-bulb  thernumeler  was  found  by  the  au'.:.  i 
to  increase  its  reading  by  rC.  The  radiaiion  from  the 
1  observers  face  i>  quite  sufTicienl  to  vitiate  a  reading 
of   an    un-hicKKii  . 

well   known   !■■   ;>' 

The  thernu' 
of  the  tower,  .1  .  , 

should  always  keep  to  leeward  when  reading,  and  the 
stand  sliould  be  walched  all  the  day  to  see  that  no 
change  of  wind  or  bright  sunshine  can  in  any  way  affect 
the  correctness  of  the  readings. 

The  only  lair  wav  to  lake  ihe  temperature  ot  Ihe  water 
K-iore   and  after   >  on  the   condenser  ! 

outlet    pipes.       Tt'  <^f   heal   taken   in 

thc-e  pii  It   Is  po- 

soits  ol  ;  ^  a  therm 

>  surface  at  the  base  ol  Ihe  tower.  If  a  13-in.  pocket  be 
put  in  the  inlet  to  Ihc  condenser,  and  another  in  the 
outlet  as  far  away  from  Ihc  condenser  as  may  tte  con- 
venient while  still  in  Ihe  engine  ru>.  -  a 
special  tbcniiometer  be  used  with  a  big 
si.'ale.  the  temperatures  can  be  taken  tu  au  c:Ut.«.;.\c 
iiiaiiiier. 

the    ....  .  15 

tower  as  to  obtain    Ihe  guaranteed   temperature  at   tiie 
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inlet  of  the  circulating  pump  or  condenser,'-  and  onlsidc 
this  he  should  be  allowed  a  free  hand. 

It  is  diflicult  to  measure  such  large  quantities  of  water 
as  are  cooled  in  towers,  say,  up  to  250,000  gallons  per 
hour.  It  can  of  course  be  done  by  a  \'entiiri  meter,  or 
weir.  .Mternatively,  it  is  much  better  done  by  the  tlicrmal  - 
method,  in  which  the  amount  of  water  is  calculated  from 
the  measured  condensate,  its  known  loss  of  heat  per  lb. 
in  the  condenser,  and  the  rise  of  .temperature  of  the 
circulating  water. 

Contrary  to  what  may  be  imagined,  this  test  properly 
run  is  of  considerable  accuracy.  The  principle  is  the 
well-known  one  of  adding  a  known  quantity  to  the  un- 
known quantity  to  produce  a  mixture  of  which  the  pro- 
perties are  measurable.  To  mention  parallel  applications, 
the  Thomas  gas  meter  adds  a  known  number  of  watts  to 
a  stream  of  gas  and  measures  the  rise  of  temperature. 

In  testing  large  water  turbines,  a  steady  stream  of 
concentrated  salt  solution  is  added  to  the  incoming  water, 
and  the  tail-race  water  is  analysed  for  salt. 

The  same  principle  is  commonly  used  for  finding  con- 
denser leakage  where  the  circulating  water  is  salt,  and 
removes  the  necessitj'  on  a  turbine  test  for  having  the 
condenser  absolutely  watertight. 

Centrifug.al  Pumps. 

It  is  seldom  that  a  test  of  a  circulating  pump  is  required 
in  power-station  work,  other  than  making  certain  that  the 
pump  provides  sufficient  circulating  water.  On  site,  if 
no  Venturi  meter  is  fitted,  the  test  is  best  made  by  the 
thermal  method.  It  is  more  convenient,  however,  to 
carrj-  out  the  test  at  the  maker's  works  where  calibrated 
nozzles,  Pitot  tubes,  or  V-notches  are  available.  It  seems 
to  be  a  common  mistake  with  these  pumps  to  use  too 
small  a  motor  and  too  large  an  impeller.  Probably  the 
pump  maker  intends  the  impeller  to  be  turned  down  in 
any  case.  It  is,  however,  rather  unfair  to  the  motor,  and 
an  earl\-  test  of  the  amount  of  power  taken  is  always 
advisable. 

A  point  arises  in  connection  with  these  pumps  when 
tested  on  a  rigid  specification  for  efficiency.  Owing  to 
the  speeding  up  of  pumps  for  direct  coupling  to  motors, 
water  velocities  have  risen  from  6  ft.  to  20  ft.  per  second. 
The  water  leaving  the  pump  has  therefore  appreciable 
kinetic  energ\',  part  of  which  can  be  converted  into  head 
by  an  expanding  nozzle.  The  specification  should  say 
whether  the  efficiency  is  to  include  this  regained  energy. 

F.AN-s. 

Fans  are  in  a  very  fortunate  position  at  present  as 
a  very  high  efficiency'  is  never  expected  from  them,  and 
thej'  are  thoroughly  reliable  provided  the  main  bearings 
do  not  lose  oil  by  a  suction  effect.  It  is  seldom  that  fans 
have  an  efficiency  much  above  65  per  cent,  and  the  means 
of  testing  them  have  not  been  highly  developed  for 
ordinarj'  commercial  use. 

In  the  author's  opinion  the  best  way  to  test  them  is  to 
discharge  the  air  through  a  set  of  home-made  wooden 
nozzles  of  suitable  size  which  can  be  fitted  in  turn  on  the 
outlet  of  the  fan.  The  calculation  of  tliese  is  very  simple  ; 
the  shape  can  be  that  which  has  been  laid  down  for 
•  774  ft.  h=.id  =  10  F. 


maximum  water  discharge,  the  discharge  coefficient  for 
which  is  very  nearly  unity. 

He  thinks,  however,  that  the  efficiency  of  fans  will 
receive  close  attention  in  the  future.  In  order  to  make 
the  boiler  as  flexible  as  the  turbine,  condenser,  and 
alternator,  nuicli  greater  fan  power  will  be  used,  and  the 
draught  used  will  probably  rise  to  6  in.  water  gauge. 

He  also  believes  that  a  higher-efficiency  fan  will  be 
introduced,  together  with  a  variable-speed  motor  for 
economizing  the  draught  when  tlie  latter  is  not  required. 
Attention  will  then  be  much  more  focussed  on  this 
auxili.ary,  which  will  absorb  200  to  250  kw.  for  two  boiler 
units  of  the  size  already  in  use  in  the  United  States.  No 
doubt  by  that  time  a  method  of  testing  will  have  beeu 
standardized. 

GeNER.VL    REM.4r!KS. 

The  organization  of  the  personnel  for  accurate  testing  is 
a  matter  for  concern.  The  larger  a  permanent  staff  can 
be  kept  for  this  work  the  better,  and  in  the  author's 
opinion  in  no  case  is  it  advisable  to  undertake  any  per- 
manent testing  work  unless  there  are  at  least  three 
engineers,  or  two  engineers  and  a  chemist,  in  constant 
collaboration  with  each  other.  The  idea  that  anybody  can 
carry  out  a  test,  or  that  any  people  are  good  enough  for 
taking  readings,  must  be  abandoned,  although  on  the 
whole  the  author's  experience  is  that  a  practical  man,  such 
as  a  first-class  engine-driver,  with  a  little  training  and 
encouragement  is  generally  to  be  preferred  to  many 
graduates  from  our  modern  colleges.  The  author 
mentions  this  with  some  regret,  as  he  is  an  enthusiastic 
educationist.  For  testing  assistance  what  is  mainly 
wanted  is  sincerity,  and  the  man  who  knows  a  little  and 
uses  that  knowledge  is  greatly  to  be  preferred  to  the  man 
who  knows  a  lot  and  doesn't  use  it. 

In  arranging  a  test  it  is  advisable  to  have  full  instruc- 
tions typed  out  and  handed  to  every  person  engaged  in  a 
trial  ;  and  even  then  it  is  necessary  to  make  certain  that 
these  instructions  are  read.  The  author  has  almost 
entirely  abandoned  sound  signals  in  favour  of  lights, 
although  sometimes  a  powerful  hooter  is  a  welcome 
assistant  in  a  big  station. 

It  is  his  practice  to  take  all  readings  in  triplicate,  and  in 
case  of  very  important  trials  to  have  one  power-station 
man  and  one  contractor's  man  to  take  each  particular  set 
of  readings  in  conjunction,  so  that  any  disagreement  may- 
be dealt  with  at  the  time  and  on  the  spot.  He  must  say, 
however,  that  with  nearly  all  the  contractors  with  whpm  he 
has  h^.d  to  deal,  it  has  been  a  pleasure  to  test  their  plant, 
many  of  them  taking  only  a  nominal  part  in  the  proceedings. 
This  produces  a  very  good  impression  on  the  customer. 

There  are  rare  cases  where  a  plant  has  to  be  tested  by 
measuring  the  water  pumped  into  the  boilers,  and  this  calls 
for  a  special  test  on  the  boilers  alone,  generally  known  as 
a  "  still "  test,  in  order  to  measure  any  leakage.  It  is  a 
difficult  test  to  carry  out,  as  even  with  everything  shut 
down  the  circulation  rate  of  the  water  contained  varies  if 
the  pressure  rises  or  falls,  and  since  a  small  fire  has  to  be 
kept  going  to  make  up  for  radiation  losses  it  is  very 
difficult  to  avoid  one  or  the  other.  By  testing  on  a  rising 
pressure  it  is  easy  to  make  the  amount  of  water  in  the 
boilers  appear  to  increase,  but  the  author  is  satisfied  that  a 
batch  of  five  boilers  can  be  isolated  and  made  absolutely 
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.d 
by  juiiicious  working  ul  t>oiicrs,  and  t>y  testing  at  such 
time  of  the  year  that  tlie  \-acuum  producible  i?  superior  to 
that  on  which  the  turbine  guarantees  are  based,  it  is  nearly 
always  possible  to  adjust  the  conditions  so  that  the  correc- 
tions do  not  amount  to  more  than  1  per  cent. 

l\  :.tiit  that  the  condenser  should  be  tested 

for  :  .  ;  .e  water  side.     There  are  two  w^iy*  of 

doing  tiii3^     Uiic  is  to  shut  the  turbine  down,  :  c 

circulating    water    on,  and    then   to   open   a    v  n 

between  the  water  extraction  pump  and  the  condenser 
at  the  lowest  possible  point,  .\mple  time  must  be  given 
to  the  condenser  to  drain  before  assuming  that  any  water 
running  out  is  leakage.  The  method  favoured  by  the 
author,  however,  is  that  when  the  brushing  of  the  con- 
denser tul)e>  :  the  inside  of  the  condenser  should 
be  tilU-d  "jp  water  on  the  steam  side  to  as  high 
a  K  Ncrves  the  double  purpose  of 
acii.  iig  glands  or  perforated  tubes, 
and  at  the  same  time  revealing  any  small  air  leaks  that 
there  might  be  in  the  casing.  Very  satisfactory  results 
can  be  obuined  by  this  latter  method,  and  the  author  has 
seen  the  tube  plates  on  a  condenser  lilted  in  this  way 
absolutely  drv  after  being  left  over  night. 

li  '  vMi  to  be  giving  trouble  111 

the  ,  :'.cd  by  ufxriiing  as  bcfiTi 

a  coiuicv  ipe  at  the  end  of  I!, 

run.     Ill  1  IS  Used  for  circuU: 

ing  purposes  this  is  unnecessary,  as  by  continuously  check 
ing  during   the   trial   the   chloride  contents   of  both  the 
circulating  water  and  the  condensate  it  is  easy  to  calculate 
the  leakage.     It  is  not  so  m:  i    to  do  this  with 

fresJi  circulating  water,  aiu.  stance  methods 

arc  i>e. 

1'  ■"cl  point  of  view  it  is  unwise  to  carry  on 

the  lot  a>  a  wiiulc  to.)  long,  for  there  is  a  remarkable  con- 
nection between  tli--  i.itigue  of  the  observers  and  the 
accuracy  ol  their  recorded  observations.     For  this  reason 


•n  as  It  1^ 

...  lis  year  ot  — „  -    .  ^   . 

3  per    cent   decrease    in    efficiency   at    the    end   of   Ihal 
period. 

la  anv  case  the  matter  might  be  made  definite,  ao  that 
•ctor  shall  know  exactly  on  what  condiUont  be 

It    tilC    I 

lime  it  IS  : 

the  contractor   the   option   ol    cleaning   them, 

deposit  is  in  no  way  due  to  the  turbine.     It  il 

the  way  the  boilers  are  being  run.     The   aut!. 

that  a  staiidarJ  cl.i 

of  test  iiiijjiil  Ik-  Cl.. 

tions.     Tlieti:: 

to  execute  an\ 
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quite  out-jdc  '•  £,  . 

CONCLI'SIOX. 

In  presenting  tlicse  few  remarks  the  author  hopes  that 
he  lias  suggested  grounds  for  the  following  points  : — 

The  equity  of  exceedingly  careful  testing    oi  modern 

plant. 
The  equalizing  of  conditions  under  which  these  tests 

are  run. 
The  value   of   the  data  gained   from   tests   for   routine 

operation. 

He    would    like   Ic    t.ifcc    mis   opportunity    of    ■'    -'■■:; 
Mr.    Kawssett   for   reading  over  the  paper   in 
Mr.  Wadesoii 
H     Mrr.' 

been   g.i 
..:on.      He    : 
Ills  iiitlebtedness  to   Mr.  Merz's  habit  ol   asking  for— and 
s<.iiiietimcs  obtaining— a  little  Inrtter  than  the  be»t. 


APPENDl.X   I. 

T\I'E  ••  S"  TlURUOMErkK.    CEKTIOCATE  Of  ESUMIXJITIOX. 

Corrections  llo  the   nearest  irj*  F.)  to   be  applied   lo 
the  scale  headings,  determined  by  comparison  with  Ibe 
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standard  inslniments  atithe  National  Physical  Laboratory, 
Tcddington. 


Ransc 
RcKliii;:. 

N.l'.L.  13. 

50i?^55o»  F. 
Correction 

At    32°  F. 

Q-O 

212^ 

o-o 

305° 

— I'O 

400° 

—  I'O 

440° 

—  fO 

550° 

—  i-o 

No  f^  N.P.L.  13. 
Kan^e  500°— 650^"  F. 
Kcntlini;.        Correction 
At     ^2°F.      •—O-I 

212° 

— O'l 

520° 

570° 
610° 

0*0 

00 

■  Kolc  I. — When  the  sign  of  tlic  correction  is  +,  the 
quantity  is  to  be  added  to  the  observed  scale  reading, 
and  when  — ,  to  be  subtracted  from  it. 

Note  2. — The  corrections  refer  to  the  air  scale,  accepting 
444'5'  C.  as  the  boiling-point  of  sulphur,  and  arc  applic- 
able only  when  the  instrument  is  immersed  to  the  reading. 
If  not  totally  immersed,  the  corrections  depend  to  a  con- 
siderable extent  on  the  temperature  of  the  emergent 
column. 

Nolc  3. — This  thermometer  has  been  tested  only  at  the 
above  points  as  desired. 


APPENDIX   II. 
Cooling  Tower  Guarantees. 


Particulars 

Steel 

Tower 

(A) 

Wooden 

Tower 

(B) 

Gallons  of  water  cooled  per  hour 

Height  of  tower 

... 

Area  of  base  (water  surface) 

... 

Area  of  chimnej' 

... 

Gallons  cooled  per  square  foot  per 

hour 

Range  of  Coolinti  u'itli  Fixed  IiiUt  Water  'riinperatiire 
of  95"  F. 


Atinosplicrlc 
Tciiipcrnlurc 

Cooling  by  Steel 
Tower 

Coollngby  Wooden 
Tower 

Humidity 

Huiuiilily 

40 

00% 

75% 

C.0% 

60% 

75% 

90% 

55 

70 

The  normal  conditions  arc  to  be  taken  as  55°  F.  atmo- 
spheric temperature  with  75  per  cent  humidity. 

Tlie  70°  F.  atmospheric  temperature  with  90  per  cent 
humidity  may  be  omitted. 

Note. — If  it  is  ever  necessary  to  compare  two  makes 
of  towers  generally  similar,  the  only  satisfactor)'  way  is  to 
supply  them  with  a  fixed  quantity  of  warm  water  per 
square  foot  of  base  at  a  constant  temperature,  and  to  find 
to  what  lower  temperature  they  cool  it.  This  involves  the 
adjustment  of  the  load  in  order  to  keep  the  top  tempera- 
ture steady,  and  gives  as  a  final  result  the  rating  of  the 
tower  in  kilowatts  for  a  given  top  temperature. 

This  is  a  most  delicate  test  and  brings  out  very  clearly 
any  difference.  It  is  an  almost  direct  comparison  of  the 
velocities  of  the  air  up  the  respective  chimneys,  since  the 
quantity  of  the  water  and  its  mean  temperature  are  prac- 
tically unaltered.  Differences  in  otherwise  similar  towers 
are  then  due  to  the  degree  of  freedom  from  obstruction  of 
the  air  passage  by  the  distributing  apparatus,  and  the  com- 
pleteness of  the  saturation  of  the  air  in  the  chimney. 
These   two  requirements  are  to  some  extent  conflicting. 

The  author  does  not  agree  with  the  statement  that  the 
cooling  is  the  same  as  long  as  the  wet-bulb  temperature  is 
unaltered.  The  heat-carrj'ing  capacity  of  the  air  per  cubic 
foot  is  almost  constant,  but  the  draught  up  the  chimney 
gets  less  as  the  dry-bulb  temperature  rises. 

The  statement  is,  however,  practically  true  when  applied 
.to  forced-draught  towers. 


Discussion  before  The  Institution,  26  November,  19 14. 


Mr.  R.  A.  Chattock  :  In  my  remarks  I  propose  to  deal 
more  with  the  principle  of  power-plant  testing  than 
the  author  has  done.  I  consider  it  is  of  the  utmost 
importance  from  the  buyer's  point  of  view  that  the  testing 
of  the  whole  of  the  main  plant  in  a  power  station  should 
b(  carried  out  with  great  accuracy,  and  that  the  results 
obtained  should  be  absolutely  reliable.  The  carrying  out 
of  such  tests  requires  trained  observers,  and  such  men  are 
not  always  to  be  found  in  central  stations.  In  large  power 
stations  no  doubt  suitable  men  can  be  found,  but  in  the 
smaller  stations,  of  which  there  are  a  verj'  large  number,  it 
is  generally  difficult  to  find  men  who  have  had  sufficient 
training  for  the  purpose,  so  that  it  is  usual  to  rely  upon  the 
contractor  to  provide  the  men  to  carry  out  the  tests.  It 
would  of  course  be  very  much  more  satisfactory  to  employ 
an  independent  testing  authority  for  this  purpose  where 
one  is  available,  and  one  feels  that  even  amongst  experts  it  is 


necessary  to  obtain  men  who  have  had  considerable  experi- 
ence in  this  class  of  work.  I  think  also  that  even  in  a  large 
power  station  such  a  mode  of  procedure  is  advisable,  because 
when  there  is  much  testing  to  be  done,  the  time  of  the 
engineers  in  charge  of  the  station  is  taken  up,  and  it  with- 
draws them  from  their  ordinary  duties,  thereby  probably 
interfering  with  the  running  of  the  station  to  a  considerable 
extent.  There  is  one  point  that  I  want  to  emphasize 
strongly  :  it  is  practically  useless  to  test  a  plant  unless  the 
conditions  of  testing  and  the  guarantees  as  to  the  per- 
formance of  the  plant  are  clearly  set  out  in  the  specification. 
In  most  specifications  of  plant  there  is  very  considerable 
diversity  in  this  respect.  Different  men  have  different 
ideas.  The  requirements  that  the  plant  has  to  meet  are 
stated  in  entirely  different  ways,  so  that  contractors  must 
experience  great  difficulty  in  carrying  out  the  tests  required 
to  demonstrate  what  the  plant  can  do.     Unless,  therefore, 


Mr. 

Chattock. 


SKIVKV       1H)\VKU    IMANT    TKSTIN'C  :    DISrfSSlON 


ny 


1  III  ail  IK 

'     l>c 

win 

kUI..    

irkiiiifl  aii>l   1 
nUii'! 

^e,  (or  the  v.i 
aiid  al»o  wlui  ..,,^,-.  .,  ..  , 

o(  Ibc  J 

1  "^ 

be 

Ill  Mich  »tjtiuiik  tu  carry  uul    II.' 

II    1-    U' 

'ii.ll  to  j»k  llic  i 

l>ul  1 

IrrI  Ihjl  III  vieu 

voll  \  ill)<  tnil 

been  pul   li'  N^ 

Itcrnianriilly   in    '. 
inrtt"~t    ,,i    l.^',■ 

.t   ihe 

1       1.C 

i>y  Ihc  iiilluciicc  ot    tir*y  fictd>,  and  one 

mil'. 

and  wh  . 

■  •■    -linK  a  very  liit»li  degree  of  coii»laucy  1;  ■,  .. 
:>   kind.     The  aulhur    his   »howii  Ihat   a 

»   in  fiC 
:  111  llic  vt 

lion.     When  the  test  i>  made  it  u  ^>o^^lt>k•  tlul  tin- 

presiure  specilicd  may  not  be  obtained  witliin  a  lew  j' 

(he  vacuum  nuy  not  be  correct,  and  other  items  may  be 
difiercnt.  It  !>eem»  to  nic  that  in  the  >pecihcation  provision 
should  be  made  for  correcting  the  tot  tifjures  according  to 
the  actual  c^  of   tlie   test.     That   is  very  seldom 

done,   and   t  ^   enj;incer   must   experience    great 

difficulty  in  caiiym^i  out  the  le>l>.  The  same  remaiks 
appiv  to  tests  of  coohng  lowers,  which  the  author  mentions 
in  his  paper.  One  naturally  requires  a  cooling  tower  to 
reduce  the  temperature  of  Ihe  circulating  w-ater  so  many 
degrees.  That  is  a  very  simple  matter,  but  in  practice  the 
action  of  Ihe  tower  depends  upon  the  tempenilure  and 
humidity  of  the  atmo>phere,  the  temperature  of  the  inlet 
water,  .i:  It  is  therefore  absolutely  necessary 

to  ask  I  lor  the  cooling  tower  to  submit  a 

s«rin of  curves  with  his  tender  showing  the  jicrformaiice 
of  his  tower  under  widely  varying  conditions.  All  those 
points  require  practically  as  much  knowledge  and  experi- 
ence in  the  testing  of  the  plant  on  the  part  of  the  engineer 
drafting  the  specitication  as  on  the  part  of  the  engineer 


'  lul  ;  and  I  am  convinced  that  if  it  is 

.   the  conditions  as  regards  all   the 

Atr  station  it  would  very  much  improve 

of     the    plant    which     central-station 


who  has  to  t'. 
possible  to  -: 
main  pi  : 
the     pei : 
engineers  oi'.  . 

Mr.  C.  C.  I'iiii  N  :  I  propose  to  confine  my  remarks 
to  that  part  of  the  paper  which  deals  with  the  electrical 
iastruments  used  for  the  test's  which  the  author  describes 
— a  part  of  the  subject  with  which  he  has  not  dealt  with 
at  great  length.  The  author  shows  very  clearly  that  an 
accuracy  of  i  per  cent  i»  what  -hould  be  aimed  at  for 
tests  of  ■  .  ■>  that  sui '  :t- 

age  in  ,  .  of  a  ma<.  .:is 

.1  .  :tercncc  in  the  cost  of  running  the  station. 

1  a—  .--  .  ,.,— -  :_■  sec  that  high-accuracy  testing  such  as 
this  is  now  being  recognized  to  be  woith  having  from  the 
financial  point  of  view.  That  is  all  to  the  good,  as  more 
serious  attention,  such  as  the  author  has  given  to  the 
subject,  will  eventually  bi.-  paid  to  the  real  advantages  of 
iivokuig  tests  to  as  lugh  an  accuracy  as  (>ossible.     One  per 


on  to  repeat  their  readings,  and  to  be  consistent  . 
accuracies  aimed   at,  it   djes  not,  ot   course,  Iv,. —    .  •-; 
under  those  conditions  the  meters  are  accurate.     For  the 
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arriving  at  llic  result?  w. 

In  the  calibration  of  a  meter  lo; 

power  plant,  say  of  the  order  of 

volts,  the  power,  it  must  be  remcni : 

in  terms  of  a  Weston  cell  and  a  uicn.ui  >  ......       .  ..^.^  — ^ 

maiiv  links  in  the  long  cliain  connectmg  these  two  with 

the    ■  ter,  and  >  '  •    the 

acci.  ^   author  d  at 

unless    SCI  upuiods   atlcntion 

chain.     Mr.  Kayner,  Mr.  Km: 

year  ""■  the  apparatus  which  we  tiave  c 

several  years  at  the  National  Physical  1 

ing  out  tests  of  this  kind,  and  I  will  not  therefore  discuss  it 

iic.a.    Apart  from  the  questions  of  the  constancy  ;i     '    ••■c 

calibration  of  the  meter,  there  are  one  or  two  p: 

just  •  ',  which  we  think  it  is  most  < 

be  1..  ■■   fe-ts   are  lo  l»e  carr!e<l  oat 

racy;  in  fact. 

is,  I  consider,  ■■ 

accuracy  of  J  or  3  parts  in  1,000  is  aimed  at.     I 

ratios   ol    the   current  and   pressure    trans/ori: 

not  be  assumed  to  be  correct,  and  errors  ot  se\'er.i 


cent   cjin  easily   creep  in   unless   the   v 
of    testing    the    tnuisloriners    i.i     Co: 
meters.  lug  the  u 

foimer  sutes    ; 

difliculty  ol  removing  iiislruaicnt  Uai. 
the  swilchgear,  the  assunpti.m  has.  lu  >. 
stances,  to  be  made.  1  am  afraid  I  di^ 
in  allowing  that  this  is  permissible  in  aii) 
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whatever.  Better,  I  think,  to  refrain  iroiu  the  attempt  to 
make  accurate  tests  at  all  than  obtain  results  of  which  the 
correctness  has  such  a  risky  and  uncertain  foundation.  It 
is  also  fallacious  and  undesirable  in  our  opinion,  as  lias 
sometimes  been  suggested,  to  try  to  test  3-phasc  meters 
on  single-phase  circuits.  Unless  3-phase  meters  can  be 
tested  on  3-phasc  circuits,  I  consider  it  very  much  better 
to  measure  the  power  with  two  or  three  single-phase  watt- 
hour  meters  instead  of  with  a  single  3-phase  watt-hour 
meter.  Another  point  which  I  wisli  to  mention  is  that  in 
the  connecting  up  for  test  of  the  usual  2-clcmcnt  3-phase 
watt-liour  meter  it  makes  a  great  deal  of  difference  whether 

Yellow 
Aori 


Blue 
Bor2 


Lower  dement,  Upper  element 

corresponding  mm  corresponding'  with 

lower  or  lefD-hand  upper  or  rignc-hand 

terminals  dermindls" 

Looking'  at  front   of  meter 
Fig.   a. — Diagram  showing  the  convention  for  connecting  a 
2-element  3-phase  watt-hour  meter  to  a  3-phase  network, 
in  order  to  ensure  that  each  element  has  a  definite  relation 
to  the  direction  of  rotation  of  the  system. 

the  two  elements  of  the  meter  have  the  same  relation  to 
the  direction  of  rotation  of  the  system  as  they  had  when 
calibrated.  A  3-phase  system  has  a  certain  electrical 
direction  of  rotation — each  phase  lagging  behind  the  one 
preceding  it.  Each  of  the  two  elements  must,  therefore, 
be  confined  to  use  either  in  one  or  other  of  the  phases, 
and  they  must  not  be  interchanged.  I  mentioned  this 
point  about  three  years  ago  '■=  and  pointed  out  that  errors 
of  4  and  5  per  cent  sometimes  occur  owing  to  inter- 
changing the  two  elements.  Since  then  manufacturers 
in  this  country  have  at  our  suggestion  agreed  always  to 
connect  these  meters  in  a  certain  way.  Fig.  A  shows  the 
arrangement  that  has  been  agreed  upon,  and  ensures  uni- 
formity in  this  respect.  In  all  modern  British-made  meters 
the  lower  element  corresponds  with  the  lower  or  left-hand 
set  of  terminals  and  is  to  be  connected  to  the  lagging 
phase  of  the  system.  The  marking  or  colouring  of  the 
•  Journal  I,E,E.,  vol.  47,  p.  93,  191 1. 


phases   is   also  delined    in  the  diagram  and    has  become 
standard  with  meter  manufacturers. 

Mr.  R.  II.vmmon'd:  I  am  particularly  interested  in  this 
paper  because  for  very  many  years  I  have  felt  the  great 
importance  of  placing  contractors  under  money  penalties. 
I  believe  I  was  one  of  the  first  consulting  engineers— I  am 
referring  now  to  25  or  30  years  ago — to  get  an  electrical 
contractor  to  agree  to  a  penalty  for  failure  to  comply 
with  the  steam  efficiency  guaranteed  in  the  specifica- 
tion. The  author  intimates  that  he  thinks  a  contractor 
who  is  selling  a  7,500-kw.  generating  plant  might  very 
well  be  called  upon  to  agree  to  a  penalty  of  £24,000  for 
each  pound  of  steam  per  kw.-hour  that  the  lest  figure 
exceeds  the  guaranteed  figure.  I  sliall  be  surprised,  how- 
ever, if  he  can  persuade  any  contractor  to  agree  to  sucli 
a  penalty.  The  mere  mention  of  that  figure,  however, 
emphasizes  how  accurate  the  author  bclievcs'his  methods 
to  be.  If  it  were  merely  a  question  of  dividing  the 
number  of  pounds  of  steam  used  by  the  number  of  kilo- 
watt-hours the  process  would  not  be  without  difficulty, 
because  in  conveying  the  watt-hour  meter  to  the  testing 
institution  it  might  be  put  out  of  gear  ;  but  it  is  pounds  of 
steam  with  a  guaranteed  steam  pressure  at  the  boilers, 
a  guaranteed  superheat,  and  a  guaranteed  vacuum  ;  and 
taking  all  those  things  into  consideration  the  contractor 
might  think  that  it  would  be  possible  for  a  slight  error 
of  o'l  lb.  to  arise  and  thereby  affect  him  to  the  extent  of 
;£2,400.  I  may  here  say  that  I  disagree  with  the  author's 
estimate  on  page  109,  where  he  says  that  ;£37S  per  annum 
for  I  per  cent  on  the  steam  consumption  capitalized  on 
the  basis  of  8-years'  life  is  equivalent  to  £3,000.  The 
present  value  of  £375  per  annum  according  to  the  5  per 
cent  table  is  £2,424,  and  Mr.  Mcrz  would  probably  take 
the  7  per  cent  table,  which  would  make  the  present  value 
£2,238,  or  a  total  of  about  £iS,ooo  for  8  per  cent,  against 
the  author's  £24,000.  Whether  it  be  £18,000  or  £24,000, 
however,  I  entirely  agree  with  the  author  on  the  great 
importance  of  attention  to  detail  and  have  applied  this  to 
my  own  work.  I  have,  for  instance,  supervised  the  testing 
of  every  set  of  generating  plant  added  to  the  Leeds  station 
since  the  start  in  1893,  of  late  years  with  the  assistance  of 
Mr.  John  May,  and  I  have  always  considered  that  in  order 
to  ensure  obtaining  accuracy  the  most  important  step  is  to 
make  perfectly  clear,  three  weeks  before  the  test  is  made, 
the  exact  conditions  under  which  the  test  would  be  carried 
out.  I  always  send  the  contractor  very  detailed  particulars 
of  the  procedure  :  Part  i  consists  of  the  conditions  and 
details  of  the  tests  ;  and  Part  2  of  the  specification  guaran- 
tees, with  the  allowances  to  be  made  for  any  variation  of 
the  test  conditions  from  the  specified  conditions.  I  ask  the 
contractor  to  sign  the  conditions  and  to  return  them  to  me 
saying  that  he  is  in  agreement  with  all  of  them.  Under 
the  heading  "Procedure  during  the  Test"  it  is  stated  that, 
"The  following  are  nominated  as  the  representatives  of 
the  parties.  Have  it  perfectly  clear  who  are  the  men  on 
both  sides  who  are  going  to  carry  out  the  test,  otherwise 
men  sometimes  come  in  who  are  unauthorized.  At  least 
one  week  before  the  test  deliver  at  the  electricity  works 
the  apparatus  scheduled  on  page  29  of  the  Specification," 
namely,  water  measuring  tank,  suitable  inductive  and  non- 
inductive  loads,  two  recording  wattmeters,  and  so  on. 
"Two  days  before  the  test  fix  all  the  apparatus,  etc." 
"  The    day   before   the  test,  etc."     "  On  the   morning  of 
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Ml  A  V.  I  V  »M^  \-  : 
by  ihr  juiIuu,  I  >Ji>>iiM  lu 
which  I  have  in\-riite«l.  and  which  u  inlrndcd  for  powc : 


KiG.  B. 

hou!>e  u»e  as  a  kind  of  fternuinent  testing  instrument.  It 
is  not  intended  lo  tnr  as  accurate  as  the  author  of  the  f>aper 
might  wish,  but  it  will  give  a  very  fair  indication  of  the 
\"ar>-ing  efi5cicncv  of  the  condenser  from  day  to  day.  It 
consists  of  a  central  glass  tube,  B  ^see  Kig.  B),  in  an  outside 
gla-  C.     The  central  tube  is  similar  to  .. 

tut-  alcd  at  one  end,  the  other  cud   1 

I  to  tile  condenser  at  N  ;  but  instead  ol  being 
.  rcury  It  is  hllcd  with  coloured  water.  The 
outside  jacket  has  water  passing  through  it,  which  may  be 
either  condensed  steam  or  part  of  the  discharged  cooling 
water.  The  water  passing  through  the  jacket  will  heat  the 
centra]  tube  to  the  teinfieniture  of  the  condensed  steam  or 
circulatiug  water  as  the  case  may  be.     There    is  also   a 
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due  lo  air,  dirty  lubes,  loo  little  circulating  water   ix  otltcr 
A  similar  form  of  iiistruineol   is  i'*-.'  <    *    •      •-• 
^.     1  think  that  the  author  is  scai> 
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per  sq.  ft.  would  be  the  safe  maximum,  the  vacuum  tseing 
the  same  in  each  case.  It  should  certainly  be  left  of»cn  to 
the  contractor  to  state  what  the  \-acuum  is  going  to  be,  *o 
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vaii.ilions  of  fully  I  in.  in  vacuum  . 

dciuer,  due  merely  to  differences  in  the  de^- 

w    i.K     I  tie    numlMrr    of    square   feet    in    a   .. 

V  no  bearing  on  the  vacuum  obtained.  I  also 
;  i.K  ;ii.it  the  value  for  K  given  by  the  author  should  be 
I  111  low  limit  :  but  some  makers  use  a  higher  \-alue.  which 
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•   plant    I   cvm- 
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MniScane*.  ligurc  cannot  be  fixed,  since  for  a  given  vacuum  llio 
absoliito  air  pressure  varies  with  tlic  type  of  air  pump.  It 
is  ijiiite  obvious  tliat  the  air  pressure  in  a  steam  jet  would 
have  to  be  considerably  lower  than  the  air  pressure  on  a 
water  jet,  the  total  pressure  in  eacli  remaining  the  same, 
this  effect  of  course  being  due  to  the  cooling  effect  of  the 
water  reducing  the  vapour  pressure.  Finally,  I  fully  agree 
with  the  author  that  some  standard  form  is  needed  for  all 
tests,  as  unscrupulous  manufacturers  are  willing  to  make 
guarantees  which  presumably  they  have  no  hopes  of  ful- 
filling, knowing  quite  well  that  v^Mthout  standard  tests  it  is 
very  diflicult  to  prove  the  e.vact  performance  of  the  plant. 

Mr.  W.  B.  Woodhouse  :  If  power-plant  tests  were 
usually  carried  out  with  the  degree  of  accuracy  that  the 
author  indicates,  we  should  have  much  less  literature  from 
the  makers  of  machiner)-.  The  important  point  to  the 
central-station  engineer  is  the  overall  efiicicncy  ;  but  when- 
ever one  compares  the  overall  efficiency  of  a  station  with 
the  individual  tests  of  the  plant  enormous  discrepancies 
are  shown.  Tests  made  of  the  efficiency  of  a  complete 
station  show  that  those  discrepancies  principally  occur  in 
the  boiler-house.  I  agree  with  the  author  that  it  is  unsafe 
to  place  too  much  reliance  on  the  calorimeter  test  of  the 
fuel,  and  that  tlie  proper  way  to  find  out  what  the  fuel  will 
do  is  to  test  it  on  a  working  scale.  I  want  the  author  to 
go  one  step  further  in  his  analysis  and  divide  up  boiler 
efficiencies  into  three  parts — the  efficiency  of  the  fuel,  the 
efificiency  of  the  furnace,  and  the  efficiency  of  the  boiler 
proper.  I  believe  if  that  is  done  we  shall  get  a  much  more 
accurate  idea  of  what  a  boiler  can  do,  and  we  shall  get  rid 
of  many  of  those  remarkable  cases  of  efficiencies  of  over  90 
per  cent,  which  are  impossible  e.xcept  by  assuming  a  basis 
that  is  not  practical.  In  a  large  number  of  cases  there  is 
something  like  5  per  cent  of  hydrogen  as  well  as  moisture 
in  the  coal,  and  the  difference  between  the  gross  and  the  net 
heat  value  of  that  coal  is  of  the  order  of  10  per  cent.  If 
that  ID  per  cent  is  credited  to  the  boiler  naturally  it  is 
possible  to  get  quite  a  high  efficienc}',  but  the  author 
points  out  that  that  should  not  be  done.  The  author 
shows  us  that  the  plan  which  we  should  adopt  in  testing 
power  plant  is  to  test  each  part  in  detail  with  the  assist- 
ance of  those  who  know  the  possibilities  of  error  in  the 
measurements  made.  Many  generating  stations  contain 
a  lot  of  elaborate  devices — indicating  and  recording  instru- 
ments purporting  to  show  what  is  happening  to  the  plant 
— but  the  errors  in  those  instruments  are  frequently  of  the 
order  of  20  per  cent,  not  only  due  to  inaccuracies  in  the 
instruments,  but  because  they  are  used  in  such  a  way  that 
they  cannot  possibly  give  the  true  average  results.  The 
author's  ingenious  method  of  collecting  flue  gases  is  a  case 
in  point ;  here  the  sample  is  a  fair  average.  The  usual 
method  of  taking  such  a  sample  may  give  results  which 
are  hopelessly  inaccurate. 

Mr.  W.  HOLEHOUSE  :  I  have  always  considered  that 
the  cooling  plant  required  a  lot  of  attention,  because  being 
the  "  back  end  "  of  the  power  station  it  indicates  what  is 
really  taking  place.  One  of  the  greatest  difficulties  in 
connection  with  the  cooling  plant  is  to  get  the  specified 
conditions.  Within  the  last  few  years  the  conditions  in 
regard  to  the  design  of  a  power  station  have  altered  con- 
siderably compared  with  those  existing  with  reciprocating 
engines,  and  a  great  deal  of  attention  has  had  to  be  paid 
to  cooling  towers  in  order  to  try  and  keep  up  with  the 
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requirements  of  the  tuiliinc.  The  point  lluit  ought  to  be 
decided — which  is  not  mentioned  in  tlie  paper — is  the 
amount  of   water  put  in  circulation.     As  regards  the  air  ' 

pump,  the  amount  of  air  that  is  allowed  for  has  been 
mentioned,  anil  also  the  cooling  surface  of  the  condenser. 
What  is  wanted  in  order  to  arrange  the  figures  for  the  .: 

cooling  tower  is  either  to  settle  upon  a  given  quantity  of 
water,  or  to  be  content  with  fixing  a  vacuum  that  will 
result  in  a  certain  top  temperature,  and  for  the  cooling-  ' 

tower   maker   then   to   give  a  guarantee   of    the    bottom  ' 

temperature,  modified  in  accordance  with  the  conditions 
of  the  atmosphere.  I  would  suggest  that  when  installing  a 
turbine  of  a  certain  size,  considering  that  most  of  the 
auxiliaries   are   run    by   3-phase    motors,    tlie   amount   of  1 

power  that  can  be  expended  on  auxiliaries  and  on  a 
cooling  tower  should  be  set  aside,  and  taken  into  account 
with  the  overall  efficiency  of  the  turbine  and  the  best  use 
made  of  it  in  obtaining  the  vacuum.  If  that  power  is 
utilized,  then  the  quantity  of  water  is  fixed,  its  temperature 
varying  according  to  the  load  on  the  turbine.  The  cooling 
tower  should  be  arranged  with  a  limit  between  the  top 
and  bottom  temperatures  according  to  the  rating  of  the 
condenser.  On  that  point,  although  I  have  had  consider- 
able experience  with  cooling  towers,  I  am  just  as  much  at 
a  loss  to-day  as  when  I  started  five  or  six  years  ago.  Even 
if  we  consider  one  enquiry  for  a  special  job,  it  is  surprising 
the  different  quantities  and  conditions  that  have  to  be 
dealt  with.     I  should  also  hke  to  refer  to  the  atmospheric  .j 

temperature  and  humidity.  Although  these  figures  are  so 
much  discussed,  if  we  work  within  the  limits  of  the 
condenser,  that  would  not  be  a  very  big  point  ;  in  fact,  j 

it  would  only  amount  to  2  or  3  degrees  on  the  bottom 
temperature  which  would  give  a  corresponding  top  tem- 
perature. The  station  would  be  run  at  a  slightly  higher 
vacuum  at  light  loads,  which,  from  the  commercial  point 
of  view,  would  be  better  than  trying  to  install  a  plant  with  ' 

a  fixed  top  temperature  and  giving  a  bottom  temperature  ; 

beyond  the  limits  of  the  condenser. 

Mr.  H.  Boot  :  I  wish  to  confirm  all  that  Mr.  Hammond  Mr.  Boo 
has  said  with  regard  to  power-plant  testing.     One  would  . 

almost  assume  from  this  paper  that  it  is  not  the  practice  of 
consulting  engineers  to  test  plant  under  the  very  careful  ■: 

conditions  that  the  author  suggests.     I  believe  that  it  is  the  | 

practice  of  most  engineers  to  arrange  some  considerable 
time  before  the  tests  are  carried  out  exactly  what  is  to  be  1 

done,  and  also  to  get  from  the  contractors,  or  to  provide 
oneself  with,  a  vacuum-correction  curve.  The  author 
mentioned   the   question   of    penalties  and   bonuses,   and  [ 

seems  to  think  that  the  giving  of  bonuses  is  due  to  the  j 

suggestion  of   engineers  of  large   central  stations.     I  am  j 

afraid  the  bonus  question  is  one  that  has  been  forced  upon  j 

us  more  by  contractors  than  by  central-station  engineers,  '< 

and  quite  fairly  too,  because  naturally  if  the  plant  is  better  1 

than  they  guarantee  to  supply,  they  ought   to  get   more  1 

money  for  it.    The  author  does  not  touch  very  much  upon  ; 

the  value  of  the  recording  instruments  in  the  station.     I  \ 

have  found  that  the   use  of   continuous-recording  instru-  '| 

ments  for  showing  how  far  the  plant  has  deteriorated  from  ] 

its  original  condition  is  of  the  greatest  value.     The  author  ! 

has  not  mentioned  the  testing  of  steam  consumption  by 
the  V-notch  method.  My  experience  is  that  this  method 
is  extraordinarily  accurate  (often  within  J  per  cent).  The 
suggestion  that  turbine  or  other  plant  should  run  for  six 
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ni«  Ihal  II  lui^lit  Icjil  i< 

Mr.  K.  S.  Wiiiii-i  K 
maker  Ihcic  are.  1  bcl' 


tUic-iiiktrumenl 
^  111  ukc  which 


i«  alnwMl  and  tl   ; 

o(  one  or  uiuli  ...  liic  griicra: 
make  the  K.M.S.  vuluc^  at  i 


tioii. 
oonU  II 
mooMlei 

Ihal  engineers  ilo  no!  I .  u^elulMii  :iclrr!i 

caa  be.    A  rc»i»UiK"c  i i;cr  im"  '  ■■  'he 

iMuie  oi  a  MOokckUck  in  an  allno^l  i 

and  if  it  is  clccliicolly  conncclcd  to  a  ti  niu 

a  rejduii;  niuv   be   taken   aliencvci    dcMictl. 


.  :  i.i.l.icis  UUI  be  aVuulcU.  1  tliiiik  iitii>  >U)J^i.->liuil  applies 
c«iH-ii.illv  to  tlic  measurement  oi  the  wet  uml  dry-bulb 
temperature!)  in  cuohng  tuwers.  KeMNtancc  thermometer!) 
would  certainly  avoid  any  risk  of  the  proximity  of  the 
observer's  body  affecting  the  readings  in  the  manner 
mentioned  in  the  papter.  1  a^ree  with  the  author  as  to 
Ihe  wisdom  of  not  negleciinj;  the  coinmi!>sariat  when 
making  long  tests.  It  may  be  worth  mentioning  that 
hot  coffer  Mrrved  on  such  occasions  will  be  found  a 
use!  lilt  and  may.  perhaps,  prevent  the  intrusion 

of  i:  ,cs  in  the  tebt->hect. 

Mr.  A.  G.  CoLLis  (cammunualtJ} :  On  page  1 14  the  author 
states  Ihal  "errors  due  to  ctiangc  of  resistance,  unequal 
heating,  and  thermo-electric  effects,  are  quite  appreciable 
if   the   t.  L-  approaches   85'  F."     Has  the  author 

made  a  :i  the  lemfH-rature  and  put   Fahrenheit 

for   '  .n  that  this  is  the  amount 

by  ^'  '^  that  of  the  surrounding 

atmosphere  :  No  shunt:>  01  this  class  are  usually  designed 
for  a  lenifterature  as  staled  in  the  paper.  Su  far  as  il 
applies  to  thermo-electric  efiFects  his  statement  must  surely 
beba!>edon  a  very  old  system  of  shunt  construction.  Modern 
shunts  do  not  have  such  defects,  or  if  such  defects  exist, 
they  are  quite  inappreciable.  If  the  author  U!>ed  brass  in 
conjunction  wiih  either  "  Constaiitin  "  or  "  Kureka,"  Ihe 
cor  to  form  a  the;  i-  ;  but 

if  o:  .   such  as  man;..  1  brass, 

it  Would  liave  l>ecn  unnecessary  to  refer  to  this  question 
in  Ihe  paper.  I'nequal  heating  has  not  been  observed  in 
any  tests  that  have  been  carried  out.  If,  however,  the 
author  refers  to  the  main  joint  connections  where  it  is 
possible  to  get  an  uneven  cont.ict,  then  his  small  wiring 
!•>  •'•  led,  as  this  diii;  been  overcome 

1  •  rer>.  for  Mime  ,  !e  lime.       Str.iv 

licl  V  liaviug 

Cei  I    Ik-  appi 

were  placed  in  close  proximity  to  heavy  currents,  but 
competent  authontics  would  not  !>uggest  such  a  position. 
I/,  however,  the  meter  is  kepi  a  reasonable  distance  away 


I  on  M« 


generator.      He  prefers  u>  use  an   amiiielcr   and 
except  when  tite  luad  IS  extremely  variable.     I   ;l 
It  Ihe  oilier  way  ;    1  much  prefer  lo  empluy  an  1: 
■     •  r  unless  the  load  i»  exceedingly  steady.     I   lii.i...  i  .^i 
I  in  rare  cases  the   value  of  the  output  will  nut  be 

ibc 

l»K 
Use   ul    all   llltcf. 

due  to  the  "■  hu 

arc  necessary  wlicii  a   meter  is  t  tlie 

other  liand   the  use  of  indicating   ...;. ct  a 

large  number  of  obser\'atiuiis,  each  of  which  is  aiieclcd  by 
the   "human   coefl'icieiit,     one  of   the   most    Iro  :' '        ■ 
factors   in   accurate   testini;,  as   it   is   \-artable    I 
regard  to  its  sign  ..  The  ai.  .i  lo 

Ihe    use    of   a    coi.:  .irent    in:  r    n 

apparently    due     tu     its    iciiiiHrraturc 
difiicully  can   be  overcome  almost  en: 
types,  if  the  resistance  in  scries  with  Ihe  arnuture  is  made 
of  copftcr  instead  of  a  low  lem^Hrralure-coeffictent  wire. 
Care  must  be  taken  that  Ihe  whole  resistance  u  placed 
inside  the  meter  case  so  that  the  temperature  of  the  wir« 
is  the   same  as  that  of   the  disc.     With  reference  to  the 
ine.i--urement  of  the  output  of   a  3-phasc   . 
pr.ii-tice   at    Faraday   Hou*e  i?  !o  employ  Iv'. 
intc^.  'ers.     la   :  n  this  is  a  in., 

plan;  .>e  of  a3,  t;cr.     In  the  ft.; 

each  meter  can  be   calibrated  independently  at  the  par- 
ticular pou-er  factor  and  with  Ihe  correct  leailmg-  '  '  ■■■•••.' 
current.     Also,  if  the  load  is  not  absolutely  bal.. 
Ill  l>e  checked  afterwards  at  the  a..: 
.   tesl. 
Mi.F.  F.  1'.  ! 
question  as  lo  l 

mercial  testing  in  tnc  case  01  large  power  p. 
at   good    load   factors — in  fact,  in  all  the  ^ 

power  plants  at  home  and  abroad  with  which  I  am 
acquainted  adequate  provision  is  made  for  testing.  I  am 
not,  however,  convinced  that  in  routine  testing  las  distinct 


in  the  cal^ 

by  great  L^^ ..- ' 

the  results.     Frequently,  howc\-er,  it  is  uinicsiratile  from  a 
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commercial  point  of  view  to  adopt  rigorous  methods  in 
cither  connection.  In  acceptance  tests  the  financial  in- 
terests may  lie  high,  in  wliich  case  an  exceedingly 
accurate  test  should  be  aimed  at,  and  for  this  purpose 
the  services  of  a  specialist  are  desirable.  Dealing  first 
with  measurements  of  the  efliciency  of  boilers.  The 
efliciency  is  of  course  the  ratio  of  the  energy  output  of 
the  boiler  to  the  energy  input,  and  if  this  fraction  is  to 
be  computed  from  direct  measurements  the  output  and 
input  must  both  be  directly  measured.  The  principal 
losses  to  which  a  boiler  is  subject  are  :  (i)  Loss  of  heat 
in  the  exhaust  flue  gases  ;  (2)  loss  of  heat  by  radiation 
from  the  boiler  ;  (3)  loss  of  heat  due  to  unburnt  fuel. 
Unquestionably  the  greatest  of  these  is  the  loss  due  to  the 
heat  carried  away  in  tlie  flue  gases.  The  amount  of  this 
heat  can  probably  be  calculated  with  reasonable  accuracy 
provided  two  measurements  and  a  chemical  analysis  are 
made.  The  measurements  are  those  discussed  in  the 
paper,  viz.  (i)  The  determination  of  the  CO,  in  the 
exhaust  gases ;  and  (2)  the  determination  of  the  final 
temperature  of  these  gases.  The  chemical  analysis  re- 
ferred to  is  of  course  that  of  the  coal.  The  paper  con- 
tains very  complete  and  valuable  information  in  connection 
with  the  two  measurements.  The  calculation  (which 
involves  assumptions  as  to  the  specific  heat  of  gaseous 
mixtures)  of  the  heat  lost  in  the  flue  gases,  if  made 
on  the  basis  of  the  two  measurements  referred  to  and 
the  chemical  analysis,  assumes  that  no  CO  is  present  in 
the  gases.  Although  CO  is  usually  absent,  this  is  by  no 
means  always  the  case  ;  and  if  it  is  present  in  any  quantity 
it  must  be  allowed  for.  The  curves  given  by  the  author 
for  boiler  efficiency  are  based  on  this  assumption,  which 
should  be  stated.  Unfortunately,  little  information  is 
given  as  to  the  means  of  actually  determining  by  com- 
mercial test  the  remaining  losses.  With  reference  to  the 
radiation  loss,  the  author  states  that  he  is  of  opinion  that  the 
loss  is  no  more  than  3  per  cent  in  a  20,000  lb.  boiler,  and 
that  it  may  be  taken  as  2  per  cent  in  the  case  of  30,000  lb. 
boilers  and  larger  sizes.  It  would  be  interesting  to  have 
details  of  the  experimental  basis  for  this  opinion.  In  tests 
where  the  result  is  desired  to  an  accuracy  of  i  per  cent, 
there  is  room  for  no  assumptions  at  all.  Again,  tlie  author 
states  that  unburnt  fuel  can  certainly  be  reduced  to  10  or 
15  per  cent  of  the  ashes,  and  may  therefore  be  taken  as 
2  per  cent.  Presumabl}',  in  view  of  the  accuracy  aimed 
at,  this  point  must  be  verified  by  an  actual  test ;  and  in 
view  of  the  nature  of  the  residue  its  calorific  value  would 
probably  be  even  more  difficult  to  obtain  accurately 
than  that  of  the  coal  itself.  Other  points  upon  which  the 
author  has  not  touched  in  detail  are  the  estimation  of  the 
output  and  input  of  energy.  In  the  curves  given,  in  order 
t'  arrive  at  the  input  of  energy',  coal  of  a  certain  calorific 
value  has  been  assumed.  The  question  arises,  how  is  this 
representative  calorific  value  to  be  obtained  experiment- 
ally ?  In  a  boiler  test  in  which,  say,  10  tons  of  coal  are 
consumed,  probably  no  more  than  5  lb.  at  the  outside 
is  ever  tested  in  a  calorimeter.  This  means  that  the  input 
of  energy  is  calculated  upon  the  basis  of  tests  carried  out 
upon  about  2/iooths  of  i  per  cent  of  the  coal — and  coal  is 
of  course  a  very  variable  substance.  It  is  therefore  of 
the  utmost  importance  that  the  greatest  care  be  taken  in 
the  selection  of  the  sample.  The  author  points  out  that  he 
has  found  in  a  lo-ton  truck  sample  of  coal  extreme  varia- 


tions in  the  quality  sufficient  to  reduce  the  COj  from  14  per 
cent  to  8  per  cent,  and  the  evaporation  from  30,000  lb.  to 
i8,ooo  lb.  per  hour.  It  is  probable  that  in  most  boiler  tests 
the  assumed  calorific  value  of  tlie  coal  rarely  represents 
the  true  aver.age  value.  I  have  found  tliat  in  practice  there 
is  always  considerable  discrepancy  lietwecn  the  calorific 
values  of  the  same  coal  estimated  in  different  ways  by 
different  people.  In  my  view,  this  measurement  cannot 
be  made  with  anytliing  like  a  i  per  cent  accuracy,  and  in 
most  acceptance  tests  with  which  I  have  been  connected 
it  has  been  necessary  for  the  various  parties  concerned  to 
agree  upon  a  method  of  sampling  and  testing  which  for 
the  purpose  of  the  test  shall  be  deemed  to  give  the  calorific 
value  of  the  coal.  It  is  probably  a  case  of  averages.  Con- 
tractors know  approximately  what  their  plant  will  do 
provided  the  calorific  values  of  the  fuel  are  estimated 
in  certain  ways.  There  is,  however,  no  suggestion  that 
the  figure  so  obtained  is  necessarily  correct.  The  idea  of 
using  a  boiler  as  a  calorimeter  and  working  backwards  to 
find  the  calorific  value  of  the  coal  is  ingenious,  but  does 
this  not  assume  that  the  efficiency  of  the  boiler  is  known  ? 
It  is  fortunate  that  since  the  output  of  a  boiler  may  be 
estimated  by  snbtracting  the  losses  from  the  input,  the 
latter  quantity  appears  in  both  the  numerator  and  denomi- 
nator of  the  efficiency  fraction,'ani  consequently  a  fairly 
high  error  in  the  measurement  of  the  input  does  not 
materially  affect  the  calculation.  For  example,  assuming 
that  the  input  were  100  B.Th.U.  and  the  losses  15  B.Th.U., 
the  efficiency  would  be  85  per  cent,  while  if  a  10  per  cent 
error  on  the  low  side  had  been  made  in  the  measurement  of 
the  input,  the  calculated  efficiency  would  be  a  little  less  than 
86^  per  cent.  Thus  a  10  per  cent  error,  in  the  calorific 
value  only  produces  about  i|  per  cent  error  in  the  calcu- 
lated efficiency.  The  efficiency  can  of  course  be  ascer- 
tained by  observing  the  output,  but  this  is  not  an  easy 
matter  if  very  high  accuracy  is  desired.  If  a  boiler  could 
be  completely  isolated  and  provided  with  absolutely  tight 
valves,  the  steam  delivered  by  it  could  be  weighed  after 
passing  through  a  turbo-alternator ;  or,  on  the  other  hand, 
the  water  pumped  into  it  could  be  weighed  with  great 
accuracy,  and  from  observation  of  the  pressure  at  the 
boiler  stop-valve  and  the  temperature  there,  the  amount  of 
energy  delivered  in  a  given  time  could  of  course  be  calcu- 
lated. The  accuracy  of  either  method  obviousi)'  depends, 
among  other  things,  upon  the  amount  of  leakage  of  water 
either  into  or  out  of  the  system  under  test.  Unfortunately, 
an  actual  boiler  under  test  is  usually  one  of  a  bank  of 
boilers,  and  it  cannot  be  isolated  except  by  shutting 
valves.  These  are  not  always  tight,  and  elaborate  tests  (or 
assumptions)  have  to  be  made,  or  else  all  the  valves  must 
be  provided  with  solid  partition  discs,  which  introduces  a 
good  deal  of  difficulty.  In  connection  with  condensers,  it 
would  be  interesting  to  have  the  author's  views  as  to  how 
the  amount  of  the  circulating  water  is  to  be  measured. 
Frequently  this  is  done  by  estimating,  from  an  assumed 
turbine  efficiency,  the  amount  of  heat  per  lb.  in  the  exhaust 
steam.  The  temperature  rise  across  the  condenser  is  then 
measured,  and  this  in  conjunction  with  the  estimated 
quantity  of  heat  supplied  to  the  circulating  water  enables 
the  calculation  to  be  made  of  the  amount  of  the  circulating 
water.  It  would  seem  that  such  an  estimate  can  only  be 
approximate,  for  the  following  reasons  :  (i)  Assuming  the 
efficiency  of  the  turbo-alternator  to   have  been  measured 
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weir,  or  \  t.:iiiii  i mcler   lesU,  such  apparatus  uiutt  again 

be   staiidardurd  atfainsl    soinctliin);.      The   coelhcienl   of 

"l  water  meter  would  need  lo  be 

■  V  hy  uieaii>  ot  a  weijjh  lank)  over 

.    ^  >^       .  iaitgc  ul  >  lo  which  it  i:>  to  be  assumed 

.ii,.\.     There   i-  ;n    lor  any   extra|Hjlalion    in 

.imving  at  such  a  "standard  '  against  which  the  thermal 

nu-tliod  is  to  be  compared.     It  seems  lo  inc  that  it  is  a  very 

".alt    matter    to    know   with    the   large   quantities    of 

.iicuUting  water  employed  lo-day  when  one  has  arrived 

at  Mi  accurate  method.     The  author's  stalemcnl  that  the 

'(  an  observer  to  a  Iheiinometer  was  found  lo 

Trading   by  i^  C.  (l.(.  nearly  2°  F.l,  and  that  the 

.     .  1  the   observer's  face   is  quite   sufliciciil  to 

.  .     .   :    ..    iiig  if   the   latter  is  not   taken  promplly,  is 

-:.;.. iticant  and  coniirms  ray  view  that  in  ordinary  routine 

!t -: .iig--as  distinct  from  acccpHance  testing — a  very  high 

>.  lie  of  accuracy  cannot  be  attained.     In  power-station 

■..in-  it^Iiiit;.  ihe  observations  have  to  be  taken  by  the 

jh:-^:.:.i.    .\  lUble.  and  if  the  thermomctiic  readings  are 

-     .!....;c   thai   by  merely  standing  by  Ihe   llierinomclcr 

u>    ic.il    It    ihe   i.ib>crvalions   are   apt    to   be    vitiated    by 

anyiliing  like  i-  K.,  it  would  appear  that  we  have  a  long 

way  to  go  before  we   arrive  at   tests  accurate  to  within 

I  per   cent.      As   previously  mentioned,  acceptance   tests 

arc  on  a  totally  different  footing,  and  in   »uch  cases  it  is 

liighly  desirable  to  iruke  ihe  most  accurate  lest  possible. 

rhc  ulinosl  pains  arc  well  repaid. 

Mr.  \V.  M.  StLVKY  (in  rr^/v)  :  Mr.  Chattock  has  dealt 
with  the  larger  aspects  of  the  question.  He  says  thai, 
lor  instance,  in  a  large  power  station  much  can  be  done 
which  would  be  impossible  in  a  small  one.  I  think  there 
can  be  no  difference  of  opinion  on  that  point.  I  have 
mentioned  in  my  introductory  rcnurks  that  the  practice 
on  which  I  drew  for  the  mailer  of  this  paper  was  not  UK- 
work  of  one  man  but  of  many  men,  and  the  result  of  much 
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'  such  a  course  has  resulted  in  our  being  able  lo  do  things 
un  service  load  that  we  should  never  have  been  able  to  do 
even  if  we  had  started  out  with  wliat  we  thought  were 
ideal    academic    conditions.      When  the    conditions    are 
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in  carrying  out  tests  in  a  thoroughly  satisfactory  manner. 
I  have  never  found  in  Ihe  long  run  that  it  has  inlcrfered 
with  their  station  duties  when  once  Ihe  conditions— as 
Mr.  Hammond  pointed  out — are  gi\       '      '  ml 
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engineer,  can  hardly  be  expeck-d,  in  view  of  (lie  diverse 
duties  of  sucli  a  post,  to  h.ive  specialized  in  sonic  parti- 
cular technical  branch  of  the  work,  as  he  wouUI  tlicicby 
be  liable  to  lose  grip  of  the  general  control  of  the  concern 
for  whicli  he  is  responsible." 

I  think  that  is  quite  the  correct  position  to  take  up,  and 
that  it  is  partly  what  Mr.  Chattock  has  had  in  mind.  His 
suggestion  that  the  Engineering  Standards  Committee 
should  take  up  the  question  of  some  forms  of  standard 
specitication  in  order  to  help  such  very  busy  men  is  a 
good  one.  He  suggests  that  I  have  not  done  so. 
I  have,  however,  done  a  little  in  that  direction  in  the 
paper  ;  for  instance,  in  connection  with  condensers  and 
air  pumps.  I  believe  there  is  no  part  of  the  paper  that 
has  so  far  met  with  more  criticism.  Any  attempt  to 
restrict  the  manufacturer  seems  to  arouse  antagonism. 
Therefore  it  is  not  my  place,  even  in  a  paper  like  this,  to 
do  more  than  very  gently  hint  that  standards  may  be 
laid  down  without  interfering  with  the  contractor's  freedom 
in  acquiring  merit  as  regards  his  apparatus.  Mr.  Chattock 
brought  home  another  point,  as  did  Mr.  Hammond,  that 
all  corrections  should  be  provided  for  in  the  specitication. 
I  believe  that  is  now  becoming  the  general  practice.  I 
■  think  the  contractor  is  finding  that  after  all  it  is  best  from 
his  own  point  of  view  to  see  that  these  corrections  are 
included  at  first. 

Mr.  Palerson  entirely  disapproved  of  any  assumptions 
as  to  totally  enclosed  switchgear.  The  practice  in  the 
North  has  been  to  test  before  enclosing  the  gear,  if  not 
on  the  actual  transformers,  at  any  rate  on  some  made 
^rom  the  same  patterns.  Mr.  Paterson  vrould  suggest  that 
the  meters  must  be  tested  in  conjunction  at  the  same  time. 
if  that  is  so,  it  means  taking  the  switchboard  to  the 
National  Physical  Laboratory— which  I  understand  one 
enterprising  engineer  in  London  is  now  doing  (it  is  an 
exceedingly  compact  type  of  apparatus) — or  else  having 
separate  sets  of  gear.  These  may  be  placed  in  a  busbar 
sectionalizing  panel  or  in  a  special  section  -between  the 
switch  and  the  busbars,  or  else  on  the  machine  side  of 
the  gear,  which  latter  interferes  with  the  protection  scheme. 
There  are  innumerable  difficulties,  and  it  is  a  case  where 
-engineering  considerations  must  take  precedence  of 
testing  accuracy. 

Mr.  Scanes'  gauge  is  one  of  those  simple  things  which 
we  do  not  think  of  until  somebody  else  has  done  them. 
With  regard  to  fixing  the  condenser  surface,  I  hope 
that  when  condenser  manufacturers  have  studied  this 
clause  a  little  more  they  will  find  that  I  have  really 
gone  a  long  way  towards  suggesting  a  standard  in  con- 
denser practice,  and  at  the  same  time  have  left  a  large 
loophole  for  individual  merit.  As  I  have  said,  however, 
from  my  point  of  view  it  is  not  a  procedure  which  will 
meet  with  much  encouragement. 

I  thoroughly  endorse  Mr.  Woodhouse's  remarks  on 
boiler  testing.  It  is  a  fact  that  a  figure  which  is  near  loo 
produces  in  some  minds  a  sense  of  satisfaction.  I  have 
tried  to  point  out  in  other  directions  the  fallacy  of  trying 
to  make  a  physical  standard,  which  is  an  ideal  thing, 
conform  with  the  conditions  under  which  some  particular 
piece  of  apparatus  has  to  work  in  order  that  one  may  be 
able  to  write  down  on  paper  a  figure  which  is  near  loo. 
There  is  no  better  example  of  that  than  the  efficiency  of 


air  compressors.  When  these  were  first  introduced  they  Mr.  s 
were  single-stage  compressors,  and  an  adiabalic  efficiency 
was  always  quoted.  Then  pressures  increased,  and  an 
ingenious  engineer  invented  the  2-stage  compressor  and 
quoted  on  tho  adiabatic  overall  efficiency,  obtaining  a 
ligurc  of  over  loo  per  cent.  The  only  basis  on  which 
to  quote  was  of  course  the  isothermal  efficiency,  which 
is  the  physical  standard  ;  au  absolute  and  unattainable 
ideal.  It  is  exactly  the  same  with  boilers  if  an  attempt 
is  made  to  show  a  higher  efficiency  by  taking  the  lower 
calorific  value.  It  does  not  matter  what  the  figure  is  so 
long  as  it  is  perfectly  clear  what  is  meant  and  that  it  means 
the  same  to  everybody. 

Mr.  Holehouse's  remarks  did  not  bear  altogether  on 
testing,  but  they  did  bear  very  much  on  what  Mr.  Chattock 
said  as  regards  standard  specifications,  and  the  two  sub- 
jects are  inseparable,  because  there  is  little  use  in  testing 
unless  the  data  obtained  arc  utilized  in  the  next  specifica- 
tion. The  question  of  the  cooling-tower  temperature- 
difference  is  absolutely  settled  by  the  condenser.  The 
top  and  bottom  temperatures  increase  and  decrease 
together,  and  differ  only  in  proportion  to  the  amount  of 
heat  that  has  to  be  removed.  The  question  between 
towers  as  regards  their  effect  on  power-station  economy  is  :. 
what  are  those  two  temperatures  to  be  ?  Are  they  to  be 
100°  F.-go"  F.,  or  90°  F.-So^F.  ?  This  appears  to  contradict 
my  remarks  in  regard  to  testing  cooling  towers  on  a  fixed 
top  temperature  ;  it  is,  however,  purely  a  testing  point, 
which  is  not  the  same  as  an  operation  point.  I  made  the 
remark  for  this  reason,  that  if  two  towers  differ  fairly  wide 
in  merit  their  lower  temperatures  may  be  at  the  same  time 
rather  near  together  from  a  testing  point  of  view  while 
giving  the  same  range  of  cooling.  To  test  them  by  com- 
paring the  bottom  temperatures  for  the  same  heat  dis- 
sipation requires  great  care  and  exceedingly  delicate 
instruments.  Therefore  I  have  put  forward  a  method 
of  comparing  towers  which  is  a  testing  method  and  nothing 
more.  This  is  quite  different  from  what  Mr.  Holehouse 
said.  I  entirely  agree  witli  him  that  practice  has  so 
changed  since  steam  turbines  replaced  reciprocating 
engines  that  the  point  of  view  from  which  towers  should 
be  regarded  requires  very  considerable  revision.  The 
quantity  of  water  to  be  cooled  is  now  from  60  to  70  times 
the  amount  of  condensed  steam.  I  think  the  specifications 
that  are  asked  for  are  not  always  in  conformity  with  the 
actual  requirements  of  the  plant  in  everyday  working. 

Mr.  Boot  and  Mr.  Hammond  both  dealt  with  the  finan- 
ciat  aspect  of  the  question.  Of  course  that  is  not  the 
subject  of  the  paper.  I  stated  at  the  beginning  that  my 
calculations  were  intentionally  approximate.  I  quite  ap- 
preciate Mr.  Hammond's  point  both  in  regard  to  present 
value  and  also  as  regards  Mr.  Merz's  7  per  cent,  but  it 
does  not  alter  the  point  which  I  tried  to  make  as  to  the 
financial  importance  of  accurate  testing,  and  that  is  all  I 
wish  the  example  to  do.  I  do  not  follow  Mr.  Boot's 
remarks  in  regard  to  payments  to  the  contractor,  nor  do  I 
understand  how  they  enter  into  the  question.  The  con- 
tractor will  not  get  his  10  per  cent  retention  money  until 
the  end  of  the  12  months.  All  I  asked  was :  is  it  better 
practice  to  test  the  plant  immediately  it  is  put  into  service 
and  then  at  the  end  of  the  12  months,  or  is  it  better 
to  test  it  six  months  after  it  was  started  up  ?  I  do  not 
see  that  it  makes  anv  difference  to  the  terms  of  payment. 
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Birmingham  Local  Section,  25  Novembkr,  1914. 


Mr.  R.  J.  Kal'la  :  From  a  niaiuifacturcr's  point  of  view, 
I  think  there  is  ample  scope  for  independent  testing  and 
for  the  standardization  of  methods  of  procedure  in  testing 
steam  power-phint.  Witli  tlie  large  units  now  being  in- 
stalled it  is  practically  impossible  to  carry  out  exhaustive 
works  tests,  and  designers  arc  mainly  dependent  on  tests 
carried  out  on  site  for  the  verification  of  their  calculations. 
Consequently,  the  accuracy  and  completeness  of  such  tests 
are  of  paramount  importance  to  them.  This  remark 
applies  even  more  forcibly  to  condensing  plants  than  to 
steam  turbines,  as  it  is  not  feasible  to  carry  out  works  tests 
on  condensing  plants  even  in  small  sizes.  '  I  do  not  know 
whether  tlie  author  intends  to  imply  that  tests  can  be  relied 
upon  to  give  results  within  a  degree  of  accuracy  of  i  per 
cent.  With  the  instruments  and  apparatus  generally  avail- 
able for  commercial  testing,  I  think  that  this  margin  would 
be  too  narrow,  and  it  is  for  this  reason  that  turbine  makers 
now  call  for  a  margin  of  2J  per  cent  either  way  before  a 
penalty  or  a  bonus  is  inflicted.  The  author  does  not  refer 
to  the  use  of  recording  apparatus  for  measuring  condensed 
steam.  This  form  of  apparatus  may  not  represent  the 
ideal  form  for  testing  purposes,  but  it  is  certainly  most 
useful  in  providing  a  permanent  check  on  the  consumption 
of  the  plant  and  as  an  indicator  of  any  increase  in  the 
consumption.  I  fail  to  see  why  the  author  should  suggest 
specifying  the  surface  of  condensers.  The  influence  of  sur- 
face in  itself  is  very  small.  I  have  known  cases  where  it  was 
necessary  to  re-arrange  the  tubes  in  order  to  attain  the 
required  vacuum,  and,  in  doing  so,  certain  sections  of 
them  had  to  be  removed  altogether,  i.e.  the  surface  was 
reduced,  and  results  were  obtained  which  were  found 
impossible  to  attain  with  the  larger  surface.  I  think  that 
purchasers  should  leave  the  contractors  a  free  hand  to 
design  the  condenser  with  the  smallest  surface  for  which 
they  can  obtain  the  results  which  they  are  prepared  to 
guarantee,  and  if  the  purchaser  considers  that  the  nature 
of  his  cooling  water  is  such  as  to  call  for  a  liberal  margin, 
he  can  specify  readily  that  the  guaranteed  conditions  are 
to  be  obtained  with  a  certain  percentage  of  the  tubes 
plugged  up.  This  seems  a  more  reasonable  method  of 
providing  a  margin.  I  consider  that  the  author's  figure 
for  K  (heat  transmission  coefficienl)  is  too  small  for 
modern  practice.  K  =  550  is  a  figure  which  represents 
more  closely  the  results  obtained  in  everyday  practice, 
and  not  when  the  condenser  is  new,  with  a  water  velocity 
of  6  ft.  per  second.  It  should  also  be  pointed  out  that  K 
varies  considerably  with  the  velocity  of  the  water.  I  fully 
appreciate  the  author's  praise  of  the  combination  of  a 
vacuum  augmentor  and  an  Edwards  air  pump.  At  the 
same  time,  there  is  very  little  doubt  that  with  the  gradual 
improvement  in  rotary  air-pump  systems  of  various  types, 
one  may  expect  to  obtain  an  equally  satisfactory  power 
consumption,  but  I  think  that  this  stage  has  not  yet  been 
reached.  The  use  of  a  vacuum  augmentor  in  conjunction 
with  a  rotary  air  pump,  i.e.  in  conjunction  with  a  water 
jet,  has  its  advantages,  but  its  value  is  not  so  great  as  in 
the  case  of  an  Edwards  pump  owing  to  the  increase  in 
the  air  capacity  of  a  rotary  pump  due  to  reduced  vacuum 
not  being  equal  to  the  corresponding  increase  on  an 
Edwards   pump.     It  is  difficult  to  determine  the  actual 


quantity  of  air  which  should  be  allowed,  and  I  think  it  Mv. 
would  be  worth  while  carrying  out  a  series  of  tests  in 
various  power  stations  to  arrive  at  suitable  figures  which 
might  be  standardized  and  to  which  both  turbine  makers 
and  condenser  makers  would  be  called  upon  to  work. 
The  experience  of  my  firm  shows  that  6  to  7  lb.  of  air  per 
10,000  lb.  of  steam  should  be  ample  for  sets  of  about  1,000 
kvv.  rating,  and  that  half  this  figure  could  be  obtained  with 
plants  of  8,000  to  10,000  kw.  rating.  Naturally,  allowance 
has  to  be  made  if  the  condenser  is  not  placed  in  close 
proximity  to  the  turbine,  and,  similarly,  very  much  larger 
figures  should  be  used  for  mixed-pressure  work.  There 
is  probably  much  to  be  said  in  favour  of  the  author's 
proposal  to  carry  out  official  tests  after  six  months'  opera- 
tion, but  in  practice  it  is  found  necessary  to  carry  out  these 
tests  as  soon  as  possible  after  the  plant  has  been  set  to 
work. 

Mr.  E.  P.  HoLLis  :  When  one  enquires  closely  into  the  Mr. 
sources  of  inaccuracy  in  power-plant  testing  so  many  are 
the  sources  of  inaccuracy,  intentional  and  inadvertent, 
that  few  engineers  place  implicit  reliance  upon  their 
results.  Many  of  the  sources  of  inaccuracy  are  extremely 
elusive.  Often  enough,  however,  the  engineer  who  is 
meticulous  about  his  instruments  will  innocently  vitiate 
results  by  failing  to  detect  a  leaky  boiler- tube  or  valve. 
It  always  seems  to  me  that  it  would  be  of  invaluable 
assistance  to  engineers  engaged  occasionally  on  testing 
work  to  have  a  complete  list  before  them  of  the  precau- 
tions to  be  taken  and  the  dangers  to  be  watched  for. 
Some  of  these  precautions  are  generally  realized,  but 
there  are  some  which  are  not  so  well  known.  Particularly 
does  this  remark  apply  to  the  larger  sources  of  error, 
such  as  a  leaky  boiler-tube  which  I  have  mentioned,  and 
the  leaky  condenser-tube,  an  error  which  only  shows  itself 
near  full  load  of  steam.  I  will  give  a  few  typical  precau- 
tions to  be  taken.  One  is  that  all  thermometers  should  have 
the  same  stem  exposure  as  that  on  which  they  were  tested. 
Anotlier  is  the  measurement  of  the  thermo-electric  voltage 
effects  in  instrument  leads  from  shunts  with  low  pressure- 
drops.  Incidentally  when  shunts  are  used  errors  have 
been  known  to  arise  owing  to  the  distribution  of  the 
current  in  the  shunt  being  different  when  it  was  at  work 
from  what  it  was  when  tested.  Again,  there  are  such 
precautions  as  that  of  blowing  down  the  boiler  gauge- 
glass  when  the  test  demands  that  the  water  level  should  be 
read.  It  is  well  known  that  the  height  of  the  water  will 
increase  owing  to  the  difference  in  temperature  between 
the  water  in  the  glass  and  that  in  the  boiler.  Power 
factor  always  seems  to  me  to  be  an  important  feature  in 
testing.  Most  plants  are  constructed  for  a  definite  power 
factor,  and  it  seems  proper  that  they  should  be  tested  at 
that  power  factor.  The  author  thinks  otherwise.  Is  this 
because  of  the  difficulty  of  providing  a  low-power-factor 
load  ?  I  do  not  subscribe  to  the  author's  views  as  to  the 
exclusion  of  sound  signalling.  I  appreciate  his  contention, 
but  it  is  important  to  realize  the  individual  characteristics 
of  the  eye  and  the  ear.  The  ear  picks  up  sounds  irrespec- 
tive of  their  direction  ;  the  eye  must  be  looking  at  the 
source  of  the  signal  or  the  latter  may  be  missed.  Visual 
signals  should  therefore  be  always  supplemented  by  audible 
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aci.  .4  that  the  test  instrununlr. 

should  be  calibrated  in  stiu  by  means  of  a  potentiometer. 
In  fact  in  any  large  continuous-current  generating  station 
Ihc  lay-out  of  the  switchgear  should  include  a  chamber 
containing  a  number  of  standard  shunts  with  permanent 
connections  to  the  busbars,  testing  lank,  etc.,  by  means 
of  1  iv  switchboard  meter  can  be  toted  with 

(hi  .  without  removal  from  its  usual  poMlioii 

and  wilhout  the  running  of  special  cables  and  other 
clabi.>rate  arrangements.  If  this  be  possible  the  engineer 
in  charge  will  be  encouraged  to  test  periodically  all  his 
instruntcnts  and  secure  agreement  between  the  various 
records  in  his  log  sheet.  After  all,  accurate  special  tests 
are  very  u>ef  ul.  but  what  is  really  wanted  is  accuracy  under 
wot  king  coiuliii  >ii».  It  i>of  no  use  striving  for  an  accuracy 
of  I  |H-r  cent  in  the  lest  steam  coiisuiiiptiun  if  the  nieter> 
by  which  the  electrical  energy  is  sold  are  ij  per  cent  or 
more  wrong.  The  author  refers  to  the  temperature  co- 
efficient of  continuous-current  wall-hour  meters.  Many 
such  meters  have  a  large  temperature  error,  but  I  should 
like  to  ask  the  author  whether  he  has  had  experience  of 
the  Aron  dock-type  meter  in  thi»  connection.  As  far  as  I 
am  aware  this  meter  is  the  only  one  in  which  all  errors 
such  as  those  due  to  temperature,  friction,  etc.,  have  been 
set  i.     I  canncit  agree  with  the  author's 

rc^  .  .ird  to  3-phasc  measurements.     The 

nu  tiig  the  whole  equipment  of  current  and 

pc'.i  iners  with  their  instruments  to  a  testing 

authority  is  very  cumbersome,  and,  morcver,  I  should  not 
have  very  much  faith  in  the  results  which  would  sometimes 
be  obtained.  Il  is  very  good  to  get  instruments  tested  by 
testing  authorities  from  lime  to  time  to  make  doubly  sure 
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Mr,  wjshe.  side,  tlie  autlior  mentions  the  electrical  resistance  method. 
This  method  is  very  convenient  and  exact  and  deserves  to 
be  better  known.  The  apparatns  required  is  very  shiiple. 
A  sjlass  U-tube  3/16  in.  in  bore  and  y\  in.  lon,t;  in  the  leg 
when  tilled  with  a  pure  sample  of  condensate  and  con- 
nected to  a  "  Megger "  will  give  a  reading  of  about  40 
megohms.  If  the  sample  is  diluted  with  a  very  small 
quantity  of  cooling  water  the  resistance  is  lowered  very 
considerably.  The  addition  of  i  per  cent  of  cooling  water 
drawn  from  the  Birmingham  Canal  lowers  the  resistance 
to  12  megohms.  There  is  an  excellent  instrument  on  the 
market  speciallv  designed  for  this  work  which  has  been 
described  in  a  pamphlet  by  Mr.  S.  Evershed  entitled  "The 
Dionic  Water  Tester." 

Mr.  Mills.  Mr.  E.  A.  Mills:    I   cannot  understand  why  it  is  the 

usual  practice  to  state  the  efficiency  of  a  boiler  without 
taking  into  account  tlie  equivalent  amount  of  steam  required 
to  drive  the  auxiliary  plant.  To  obtain  the  normal  hourly 
evaporation  of  a  boiler  this  steam  amounts  to  about  2  per 
cent,  and  may  even  be  as  high  as  4  or  5  per  cent.  The 
capitalized  running  costs  of  the  auxiliary  plant  of  a  boiler 
of,  sav,  30,000  lb.  normal  evaporation  per  hour  is  approxi- 
mately 20  to  25  per  cent  of  the  cost  of  tlie  boiler.  It  is 
therefore  rather  surprising  to  find  this  point  ignored  in  the 
■  report  of  the  Committee  on  Steam  Engines  and  Boiler 
trials  recently  issued  by  the  Institution  of  Civil  Engineers.* 
I  do  not  agree  with  the  author  that  the  higher  calorific 
value  of  the  coal  should  be  used  to  arrive  at  the  efficiency 
of  a  boiler,  because  the  coal  has  the  lower  calorific  value 
when  it  is  introduced  into  the  stoker  ;  and  since  any 
hj'drogen  contained  in  the  coal  passes  away  up  the  stack 
in  the  form  of  steam  it  is  therefore  the  lower  value  which 
takes  into  account  the  ash  and  moisture  as  received,  and 
this  is  the  figure  which  is  of  most  interest  to  the  engineer 
or  buyer.  I  am  practically  in  agreement  with  the  author 
as  regards  the  percentage  radiation  losses  referred  to 
on  page  iii  ;  my  experience,  for  the  larger  size  boiler 
mentioned,  is  4  to  4-0-  per  cent  for  radiation  and  unburnt 
fuel.  I  have  found  that  the  average  amount  of  COj  in 
boiler-houses  over  very  long  periods  is  between  4  and  6 
per  cent,  the  samples  of  the  gases  being  taken  at  various 
times  during  the  day  and  night.  The  author's  suggestion 
that  the  buyer  should  specify  the  condenser  surface  is 
correct.  The  present  tendency  on  the  part  of  the  de- 
signer of  condensers  when  the  surface  is  not  specified 
is  to  make  the  size  of  the  condenser  rather  small.  I  do 
not  infer  that  this  is  done  intentionally,  but  in  a  number 
of  cases  the  buj'er  is  to  blame  for  not  giving  sufficient 
information  about  the  quality  of  the  circulating  water. 
One  of  the  chief  considerations  in  fixing  the  tube  surface 
of  a  conacnser  for  a  given  capacity  of  plant  is  the  cost  of 
cleaning  the  tubes  and  the  difficulties  that  maj' arise  owing 
to  the  plant  having  to  be  out  of  commission  for  this  pur- 
pose, especially  in  the  case  of  a  large  set  and  when  the 
stand-by  plant  of  the  station  is  small.  Hence  the  desired 
surface  ought  always  to  be  stated  by  the  purchaser.  I 
shall  be  glad  if  the  author  will  explain  whether  the  ex- 
panding nozzle  to  which  he  refers  in  connection  with 
centrifugal  pumps  forms  an  integral  part  of  tlie  pump,  or 
does  he  refer  to  short  pipes  such  as  are  sometimes  placed 

*  Report  of  the  committee  on  tabulating  the  results  of  steam 
engine  and  boiler  trials.  Mitiiitcs  of  Proceedings  of  the  lustittiiiou  of 
Civil  Eiiginceis,  vol.  195,  p.  265,  1914. 


between  the  pump  and  the  condenser?  I  think  the  reason  Mr. : 
why  fans  iiave  never  a  very  high  efficiency  is  that  they 
seldom  work  under  the  conditions  for  which  they  were 
designed.  The  method  of  testing  a  fan  which  is  described 
in  the  paper  is  tliat  adopted  liv  iiKiny  fan  makers.  I  do  not, 
however,  favour  this  nielhod  because  a  sudden  change  of 
conditions  is  experienced  at  tlie  entrance  of  the  nozzle; 
a  more  suitable  method  would  be  to  arrange  a  nozzle 
which  is  re.adily  adjustable  and  whereby  the  change  of 
conditions  can  be  carried  out  gradually  and  smoothly. 

Mr.  W.  M.  Selvey  (/;;  reply) :  In  reply  to  Mr.  Kaula,  my  Mr. 
opinion  in  regard  to  the  usual  accuracy  of  commercial 
testing  is  given  in  the  paper  as  3  to  4  per  cent,  and  I 
suggest  that  this  is  not  sufficient  in  view  of  the  nature 
of  bonus  or  penalty  clauses  and  the  improvements  aimed 
at  by  manufacturers.  1  did  not  deal  with  routine  testing 
except  in  suggesting  the  complete  acceptance  test  as  the 
basis  with  which  to  compare  future  routine  tests.  As 
regards  the  surface  of  a  condenser,  I  have  no  reason  to 
change  my  opinion  after  liaving  heard  the  arguments  put 
forward  by  many  speakers.  The  value  of  K  will  allow  for 
the  way  in  which  tlie  surface  has  been  utilized,  and 
although  K  is  not  really  a  constant,  but  depends  to  some 
extent  on  the  actual  temperatures,  the  latter  now  vary  in 
turbine  work  between  such  narrow  limits  that  I  think  the 
general  use  of  this  term  is  to  be  recommended.  The  value 
given  by  Mr.  Kaula  is  very  uncommon  below  an  absolute 
pressure  equivalent  to  2  in.  of  mercury,  which  is  the  figure 
that  might  now  be  aimed  at  for  all  large  sets  having 
cooling  towers,  and  is  still  more  uncommon  when  the 
pressure  is  below  i-|  in.,  which  latter  pressure  is  now  very 
commonly  obtained  both  at  sea  and  near  large  estuaries. 
With  my  scheme  it  will  be  necessary  to  state  the  vacuum 
obtainable  for  the  specified  surface,  instead  of  stating  the 
surface  recommended  to  give  a  certain  vacuum.  It  will 
also  tend  to  keep  up  the  size  of  air  pumps,  which  I  think 
is  still  good  practice.  The  question  of  how  best  to  utilize 
the  surface  is  outside  the  scope  of  the  paper. 

Mr.  HoUis  raises  many  questions  which  occupy  the 
attention  of  testing  engineers,  and  he  shows  how  many 
pitfalls  there  are.  This  is  the  best  possible  argument  for 
specialization  in  the  subject.  After  years  of  continuous 
testing  I  have  rarely  run  a  test  without  coming  across 
some  point  or  other  worth  noting  for  future  guidance. 

In  connection  with  signalling  it  should  be  stated  that  red 
lights  are  used,  and  that  if  a  sufficient  number  are  pro- 
vided and  a  clear  programme  is  drawn  up,  the  method  is 
found  to  work  well.  For  warning  a  scattered  group  of 
observers,  an  audible  signal  is  doubtless  the  best,  but  it 
requires  to  be  very  powerful ;  and  if  it  has  to  be  repeated 
every  five  minutes  for  simultaneous  readings  it  becomes 
rather  a  nuisance.  I  naturally  approve  strongly  of  routine 
testing  by  the  station  staff,  but  for  such  tests  it  is  not 
always  necessary  to  take  all  the  precautions  or  readings 
which  would  be  required  for  the  acceptance  test.;  the 
latter  will  be  found  a  very  good  basis  with  which  to 
compare  future  routine  tests.  It  is  surprising,  however, 
the  number  of  points  in  which  a  mistake  may  be  made 
in  routine  testing. 

Dr.  Garrard's  remarks  appear  to  be  almost  a  counsel 
of  perfection,  and  I  only  know  of  Mr.  Fawssett's  labora- 
tory, a  few  of  our  universities,  and  the  National  Physical 
Laboratory  which  would  meet  his  requirements.     Perhaps, 
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Mr.  G.  G.  SroNKV  :  I  think  the  author  is  to  he  congratu- 
lated on  having;  drawn  attention  to  what  is  one  o(  the  most 
luiportJiit  i1.  ■  work,  viz 

accurate  It--'  im  (»lad  lo 

set 
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so  mufh  change.  I  think  the  author  rijjiilly  terms  an 
accuracy  of  i  per  cent  ideal,  (or  I  am  afraid  that  few  tests 
are  made  which  can  be  relied  upon  to  be  correct  within  ;; 
or  4  per  cent.  Manufacturers  take  a  great  risk  when  givm;' 
guarantees  lo  within  i4  per  cent  uiuK-r  a  penally.  All  tesi~ 
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tlitfit:    sliould    be   a   \a>. 
c\'  .lu-f       I   think  II   w 

il  tests  Were  carried  out  by  some  espert.     l*it 

...txlsare  much  loo  haphazard. arid  1  am  s-''->  ' 

lti.it  -liarp  practice  occurii  on  the  part  both  ol  < 
aiui  I'l   i.ii;;incers.     It  would  be  .1   , 
auilKir  wu  lid  aivc  us  some  idea  i\ 


known   an  engineer   IrA'   lo  reject   a   ; 

i.iig  u(  a  steam  meter  which  was  obvKn 

I  certainly  concur  in  the  statement  thai  the  : 
:;s  should  not  exceed  1  i 
that    the  ariihmcucal 
-J  \'<.i    cent, 
Mr      K.     F*wv«»frT  •     The   suthor'^   i!l-.:<*r3!i 


Hi 


d    the  »«vMM>. 


case  made  out  (or  initial  lrsl«  to  detemune   the  capital 
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value,  but  Ihe  tests  should  be  periodically  repe:ited  after- 
wards, as  I  per  cent  of  the  annual  coal  bill  is  dispropor- 
tionate to  the  cost  of  such  a  test,  and  a  greater  deteriora- 
tion than  I  per  cent  might  otherwise  escape  detection. 
In  regard  to  the  statement  on  page  114  tliat  time  should 
not  enter  into  water  versus  energy  measurements,  con- 
tinuous-current measurements  depending  on  the  mean 
of  many  readings  of  indicating  instruments  and  time 
make  such  readings  doubly  inaccurate  compared  with  the 
simple  integrated  measurements  on  3  phase  circuits. 
Alternating-current  meters  lend  themselves  to  remote 
control  much  more  easily  than  continuous-current  ones, 
and  for  an  accurate  test  in  either  case,  especially  the 
latter,  it  is  important  to  keep  the  actual  recording 
instrument  unaffected  bj'  stray  fields  and  e.\cessive  tem- 
peratures. I  suppose  the  best  continuous-current  meter 
is  the  Aron  type,  and  in  the  larger  sizes  suitable  for  this 
sort  of  wcrk  the  meter  would  be  shunted.  The  tem- 
perature-coefficient question  then  becomes  acute.  On  the 
other  hand,  in  the  smaller  sizes,  such  as  might  be  used 
on  a  high-voltage  suppl}',  with  straight-through  current 
■coils,  it  is  difficult  to  ensure  that  heavy  leads  cause  no 
strain  on  the  coils  and  so  upset  the  calibration.  In  a 
recent  case  three  meters  were  so  affected  to  the  extent  of 
2  per  cent.  The  trouble  is  a  very  insidious  one.  Certainly 
unity  power  factor  is  preferable  on  the  score  of  accuracy, 
but  many  machines  have  to  give  their  output  with  a  large 
wattless  component.  I  may  perhaps  give  one  instance  of 
how  low  power  factor  complicates  matters  :  the  power-factor 
-compensation  of  a  3-phase  meter  when  once  set  depends 
-on  two  other  quantities  which  may  be  variable  during 
Ihe  test  :  (i)  The  phase  angle  of  the  current  transformer 
may  vary  with  the  primary  load  and  also  with  the 
secondary  loading.  (2)  The  effect  of  temperature  on  the 
compensator.  The  first  variation  can  be  eliminated  in 
calibration,  if  the  current  transformer  is  not  deficient  in 
ampere-turns.  This  is  not  so,  however,  in  some  switch- 
board types,  which  is  presumably  the  reason  why  the 
author  specifies  unity  power  factor  under  these  circum- 
stances. The  temperature  effect  is  more  serious.  Suppose 
a  certain  change  of  temperature  {e.g.  10°  F.)  disturbs  the 
phase  compensation  o'5  degree.  At  unit}'  power  factor 
this  change  is  neutralized  in  the  two  elements,  but  at  o'8 
power  factor  one  element  works  at  y"  lag  and  the  other 
at  67°  lag,  the  consequent  change  in  the  values  of  the 
cosines  of  the  angle  of  lag  totalling  o'y  per  cent,  or  many 
times  the  degree  of  accuracy  aimed  at.  The  foregoing 
remarks  may  show  that  the  electrical  measurement  is  not 
so  simple  as  the  author  suggests  ;  yet,  as  he  says,  no 
measurement  can  yield  happier  results.  A  case  in  point 
was  a  series  of  tests  on  a  large  turbo-alternator  at  unity 
and  various  lagging  power  factors.  The  increased  steam 
consumptions  with  decreasing  power  factors  checked  well 
with  the  expected  increased  machine  losses,  which  being 
the  small  difference  of  two  big  quantities  was  a  very  rash 
measurement  to  undertake.  I  am  in  entire  agreement  with 
the  author  in  his  suggestions  and  conclusions  as  to  the 
personnel  of  the  necessary  staff.  Undoubtedly  sincerity  and 
keenness  are  much  more  valuable  than  technical  brilliance. 
Such  is  certainly  my  experience  of  the  last  10  years. 

Mr.  H.  S.  Ellis  :  In  regard  to  the  cost  of  testing,  I 
think,  as  Mr.  Stoney  suggests,  that  it  would  be  useful  if  the 
author  would  give  us  an  idea  of  the  cost  of  thoroughly 


testing  a  2,000,  5,000,  or  10,000  kw.  turbine  plant.     It  would  Mr.  Ellis.  • 
be  almost  impossible  for  the  ordinary  staff  in  a  small  power 
station  to  make  such  tests.     I  control  a  station  supplying 
about   5    million    units   a    year    and    I    should    demur   to  ^ 

calling  upon  my  staff  to  do  this  work.     The  cost  of  setting  i 

up   the  instruments  would  be   excessive.     So   far   I    have 
been  able  to  arrange  for  the  official  steam  consumption 
and  load  tests  to  be  carried  out  at  the  contractor's  works, 
which  arrangement  has  always  proved  to  be  very  satis- 
factory.    In  the  case  of  a  power  company  like  the  New- 
castle-upon-Tyne Electric  Supply  Company,  who  distribute  ! 
something    like    200   million  units   per  annum,  it  would               j 
seem,  however,  quite   a  simple  matter.     The  subject,   al-               i 
though  very  interesting,  is  one  which  comes  within  the 
scope  of  not  more  than  about   half-a-dozen  men  in  this 
country.    In  regard  to  the  question  of  impurities  in  the  con-  i 
densate,  I  am  of  opinion  that  they  can  be  measured.     If, 
however,  the  plant  is  properly  arranged  I  think  that  they              j 
should  not  occur.     Nothing  but  pure  steam  should  come  ! 
over  from  the  boilers.     In  this  connection  I  may  say  that 
there  has  never  been   any  hesitation   on  the  part  of  the  ^ 
Tudor   Accumulator   Company  to  allow  us  to  use  water 
obtained  in  this  way  for  their  batteries. 

Mr.   H.   H.   Baker:  We   all,  in  this  district,   most  cer- Mr.  Baker 
tainly  appreciate  the  importance  of  testing,  and  are  always  I 

hearing  about  doing  a  little  better  next  time.     I  wonder  I 

what  the  standard  will  be  when  the  ideal  of  99-5  per  cent  j 

of  the  possible  is  attained.     I  think  on  the  other  hand  that 
it  is  possible  to  go  a  little  too  far.     It  is  useless  getting  i 

increased   efficiencies  if  the   machines  are  to  be  compli- 
cated and  their  reliability  thereby  affected. 

Mr.  J.  W.  Jackson  :  We  on  the  North- East  Coast  have  Mr. 
realized  what  engineers  all  over  the  country  are  feeling, 
namelj',  the  necessity  for  having  an  expert  who  can  deal 
with  all  the  little  accidents  that  are  liable  to  occur  in  the 
testing  of  a  power  station  plant.  These  are  so  numerous 
that  no  station  engineer  can  be  on  his  guard  against  all 
of  them.  The  question  which  the  author  raises  in  regard 
to  load  factor  is  one  that  I  am  afraid  will  be  always  with 
us.  The  curves  dealing  with  the  efficiencies  of  turbines 
and  the  amount  of  COj  are  valuable  and  precise.  There 
is  a  point  in  regard  to  reducing  the  flue  gas  temperature 
■to  350°  F.  I  have  seen  flue  gases  reduced  to  250°  in 
normal  working  with  an  economizer,  and  this  with  a  reason- 
ably high  proportion  of  CO™.  This  would  appear  to 
indicate  a  very  high  efficiency,  approaching  80  per  cent, 
in  commercial  working.  I  should  like  to  ask  a  question  as 
to  the  amount  of  power  taken  by  the  Edwards  air  pump. 
This  is  given  as  the  smallest  amount  of  power  normally 
taken  when  working  in  conjunction  with  a  steam  jet.  Is  it 
not  true  that  this  is  the  same  as  the  power  taken  by  an 
ordinary  "kinetic"  pumping  set?  With  reference  to 
cooling  towers,  not  only  can  varying  temperatures  occur 
throughout  the  base,  but  if  there  is  a  pipe  of  large 
diameter  leading  away  from  the  tower  for  a  distance  of 
20  ft.  it  will  be  found  that  there  is  a  difference  in  the 
temperature  between  the  two  sides  of  the  pipe.  The 
contractor  should  be  allowed  to  attend  to  faults  on  a 
turbine,  the  steam  consumption  of  which  is  to  be  tested 
if  such  faults  are  due  to  the  amount  of  solid  matter  collected 
in  ordinary  working.  If,  however,  they  are  due  to  delicate 
construction  he  should  not  be  allowed  to  put  it  right. 

Mr.  W.  B.AXTER  :  The  author  refers  to  an  accuracy  of  Mr. : 
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(u  luvr  J  piiiilol  pio^iaiiinii-  no  tlut  c-vciy  uiu 
may  know  exactly  ulut  i>  (.oiiiiiit*  urxi,  l>ut  ili> 
the  le»l  nIiuuIiI  be  explained  tu  each  |>erM>n  taking  part  and 
lite  importance  o(  tlieii  individual  dutio  |K>iiil(.-d  out   wilt) 
rcfeiciice  111  the  dillerence  it  minht  make  lo  the  accuracy 
oi  the  whole  tot.     I  ulti-ii  think  that  too  many  \     ■  '  'ic 

lakrn  nuiiv  ol   which  are  nevef  rvrn  uleiird  '  h 
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wtiencv  >  ,  Ikt  run  on  the  supply  >y<lcni,  »»  ihi-.  not 

onlyaavL    .>  but  enables  the  control  ol  the  load  and 

the  power  (actoi  to  be  inoie  readily  adjusted  and  docs 
away  with  the  complication  and  danf*er  of  special  lest  con- 
nections. In  the  case  oi  lari>c  sets  in  particular  it  is  also 
diii  riiients  lor  an  artificial  load. 

Tl..  I    author,  of  toting  water 

turbines  by  iiijicling  sail  >oiutuin  and  analysing  the  tail- 
race  water  lor  salt,  is  ino>t  interesting,  and  it  occurs  to  me 
that  a  inoditication  of  this  might  W-  used  for  testing  the 
eflficiency  of  fans.  If  sonic  simple  method  of  dctenniniiig 
fan  efficiencies  could  be  devised  it  is  probable  that  marked 
improvements  would  be  effected. 

Sehrj  Mr.  W.  M.  Sklvey  {in  ref<ly) :  In  reply  to  Mr.  Stoney.  the 
load  factor  is  rapidiv  riNing  in  the  Kast  London  stations. 
From  the  current  issue  of  the  Elcilruitl  Timo  1  find  that  the 
load  factor  at  West  Ham  is  3J'i3  per  cent,  at  Stepney  ^715 
per  cent,  at  Bermondsey  20'»iy  per  cent,  and  at  Poplar 
35°6i  per  cent,  and  I  expect  that  the  load  factors  at  these 
places  will  be  still  higher  in  a  year's  time.  I  agree  that  a 
i\  per  cent  margin  involves  a  risk  to  a  contractor  who  docs 
not  lake  special  care  abeiut  tCNliiig.  I  wish  to  make  it 
perfectly  clear  that  in  almost  every  case  all  that  the 
engineer  can  do  on  site  is  to  try  and  reproduce  the  condi- 
tions under  which  the  apparatus  was  checked  in  the 
standardizing  laboratory,  and  to  transport  the  apparatus 
and  instruments  from  the  laboratory  to  the  site  without 
their  suffer. iig  any  injury.  The  standard  of  accuracy  must 
always  be  set  by  the  standardizing  institution.  The 
ineasurcmcnt  of  vacuum  is  certainly  open  to  errors,  but, 
generally  speaking,  if  gauges  on  opposite  sides  of  an 
exliausl  pipe  diller,  it  is  a  reason  for  suspecting  tlie  gauges. 
l>:"  .vhich  have  been  measured  at  various  places  in 

.1  s'.  ,,:<ed  exhaust  branch  did   not  amount  to  i  in. 

water  gauge.  I  quite  agree  with  Mr.  Stoney's  remarks 
about  avoiding  corrections  if  possible,  and  also  as  to  their 
reasonable  magnitude. 

In  reply  to  Mr.  Fawssett,  we  are,  as  he  well  knows,  still 


that  inany  of  the  s|«ejikcis  wl 
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Correct   inelhodv     The  (acts   which    Ur.   FaWMcll 

with  ■ 

on  (' 


with  deci 
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The  credit  (or  this  was,  however,  entirely  due  lo  Mr. 
Fawssett  and  his  staff,  the  turbine  end  bring  quite  easy  lo 
manipulate. 

In  reply  to   '•'      ■ 
denser  can  Ih 

an  accuracy  of   i  part  in  a   : 
the  difhcully  of   measuring  ' 

the  circulating  water  is  fiesh  is  not  a  light  one.  It  is  quite 
easy  to  detect  leakage,  but  that  is  very  different  from 
measuring  it  accurately. 

As  regardi  the  cost  of  a  test,  a  point   which   ^'      '  '        v 
also  mentioned.  I  estimate  tliat  it  would  Im:  pra>. 
f>ossil>lc  tD  (..iriy  out  an  important  lest  inu 
once   a   lorliiight,  so   that   on  the   ba^^N   ti 
expense   with    one    chief   and    t  ^nts    at    a   lotr 

remuneration    can    easily    be    w ..t    by    anvbody 

interested.     In  visiting  large  power  stations  which  have 
already  a  skilled  staff    the  chief   could   probably  manage 
with  one  assistant,  or  peihaps  even  alone.     The  writing  up 
of  the  results,  however,  needs  two  men.     In  i 
the  subject,  it  is  necessary  to  bear  in  mind  the  ! 

work  that  is  involved  in  seeing  t  '■ 

and  then  arranging  for  their  ti..     .  <■ 

calculations  which  have  to  be  made  after  the  test. 

In  reply  lo  Mr.  Baker,  I  quite  agree  that  if  efficiency  is 
to  be  gained  at  the  expense  of  rcUability  it  is  loo  cosUy, 
but  it  must  be  rememl>ereU  that  this  is  the  trend  of 
progress.  Mechanical  [Hrrfcction  always  lags  behind 
increased  efficiency,  but  its  rate  of  progress  in  the  long 
run  is  the  same. 

With  reference  to   Mr.   Jackson's  remarks.    .  ! 

have  seen  many  figures  for  modern  air  pumps,  1 
I  liave  no  figures  for  actual  tests  of  Kd wards  air  1 
where  the  quantity  of  air  actually  removed  was  n>ea>-.N«. 
and  so    I    cannot  give  a  rigid  comparison.     I    Ivised  my 
remarks  on  the  usual  input   ;.  I 

am  gl.id  to  have  his  confirii. . 
obtained. 

In  reply  to  Mr.  Beard,  I  think  that  it  is  not  very  difl&cult 
to  measure  the  efficiency  of  a  fan.  and  it  is  carefully  dooe 
when  the  (an  becomes  a  turboblower,  i.<.  when  it  is  large 
enough  to  make  it  worth  while  from  the  user  s  point  of 
view  to  look  into  the  question. 


Mr.  S.  L   I 
McLetlaii  re  . 


*  C  H.  UEIU  and  W.  UlLellak 
!■£.£ .  vol.  ly  p.  (■/>,  igQ4. 
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ir.  Pearce.  most  economical  plant  with  a  view  to  reducing 
the  "  running  cost  "  component  of  the  total  "  cost  of  pro- 
duction." This  is  in  view  of  the  advance  made  during 
the  last  few  years  in  obtaining  higher  load  factors.  The 
author  refers  to  tlie  question  of  obsolescence,  and  considers 
that  this  factor  has  not  been  sufficiently  seriously  treated 
by  supply  authorities  up  to  the  present.  This  may  be  so, 
but  at  any  rale  I  think  most  large  municipal  undertakings 
to-day  recognize  the  importance  of  providing  something 
more  than  the  statutory  sinking-fund  payment  prescribed 
by  the  Local  Government  Board.  They  may  deal  with 
this  matter  under  different  heads  and  under  different 
names,  but  the  clear  intention  is  to  write  down  the  e.\ist- 
ing  plant  within  a  term  of  years  very  considerably  less 
than  that  allowed  by  the  Local  Government  Board.  This 
is  undoubtedly  provision  for  obsolescence.  I  entirely 
disagree  with  the  author  when  he  states  that  no  longer 
that  8-IO  years  should  be  allowed  in  regard  to  plant 
rated  at  less  than  the  particular  output  stated  in  the 
paper.  I  think  he  must  have  in  mind  not  only  the  very 
large  generating  stations  which  exist  to-day  in  connection 
with,  say,  the  North-East  Coast  electricity  suppl)',  but 
other  undertakings  of  a  similar  magnitude.  Obviously  his 
remarks  cannot,  and  ought  not  to,  apply  to  the  majority  of 
undertakings  (municipal  or  otherwise)  that  exist  in  this 
-  country  to-day.  How  many  undertakings  are  there  which 
have  installed  turbo-alternator  sets  of  5,000  kw.  rating  and 
upwards.  The  probability  is  that  500  kw.  is  very  much 
nearer  the  mark  in  the  case  of  the  majority  of  supply 
undertakings  to-day.  Further,  1  should  not  like  it  to  be 
thought  that  the  Institution  endorses  the  author's  opinion 
that  8-10  years  is  a  suflicient  life  for  a  plant  of  even 
5,000  kw.  rating,  and  that  the  cost  of  such  plant  should 
therefore  be  written  off  within  that  period.  This  has 
certainly  not  been  the  policy  of  the  large  power  com- 
panies in  the  past,  and  with  regard  to  the  larger  municipal 
undertakings  I  say  advisedly  that  it  would  be  absolutely 
impossible  to  carry  on  the  undertakings  if  the  term 
of  8-10  years  were  to  be  adopted,  instead  of  15  years. 
The  latter  is,  in  my  opinion,  a  fair  measure  of  life  for 
the  plant.  Any  reduction  in  this  direction  is  simply 
tending  to  put  on  the  present  generation  the  double 
burden  of  writing  down  e.xisting  plant  and  providing  new 
plant  out  of  revenue.  I  confess  I  do  not  follow  the 
author  in  the  next  paragraph,  when  he  states  that  within 
the  next  10  years  the  significance  of  "  load  factor "  will 
have  disappeared.  It  seems  to  me  that  this  is  entirely 
contrary  to  the  author's  miin  argument  in  favour  of 
the  predominance  in  the  future  of  the  "  running  costs " 
over  the  "capital  costs"  of  production.  The  reduc- 
tion of  the  "running  costs"  naust,  and  does  in  point  of 
fact,  vary  with  the  load  factor  on  the  generating  station, 
and  if  the  significance  of  the  load  factor  is  to  disappear, 
then  the  author  is  arguing  against  his  own  case,  which  is 
in  favour  of  emphasizing  the  importance  of  obtaining 
economical  plant  and  so  reducing  the  "running  costs." 
I  think  there  must  be  some  confusion  in  the  mind  of  the 
author  on  this  particular  aspect  of  the  question. 

There  are  two  points  in  the  section  dealing  with  boilers 
and  economizers  that  I  wish  to  comment  upon.  The 
author  argues,  I  think  rightly,  that  the  boiler  should  be 
designed  having  regard  to  the  calorific  value  of  the  fuel 
intended  to  be  burnt.     He  says  that  if  the  boiler  is  de- 


signed for  bad  coal,  and  is  fed  witli  good  coal,  no  brick-  Mr.  1 
work  will  stand.  I  think  he  might  also  have  added  the 
words  "or  grates."  With  regard  to  the  temperature  at 
the  liack  of  the  boiler  and  economizer  respectively,  I 
agree  with  his  figures.  For  a  dry  slack  of  about  12,000 
B.Th.U.  calorific  value  I  think  the  average  temperature 
at  the  back  of  the  economizer  is  about  350°  F.,  and  at 
the  back  of  the  boiler  550"  F.,  that  is  to  say  there  is  a  fall 
of  temperature  of  about  200  degrees  across  the  economizer. 
The  figures  for  a  coal  of  higher  calorific  value,  say  13,500 
B.Th.U.,  would  be  respectively  400°  and  6oo°  F.  I 
think  most  engineers  will  agree  with  the  author's  remarks 
in  regard  to  coal  testing  and  the  necessity  for  employing 
a  fully  qualified  chemist  in  the  station.  At  the  top  of 
page  114  the  author  points  out  that  the  vacuum  should  be 
measured  at  the  exhaust  flange  of  the  turbine,  although  I 
take  it  he  means  in  the  space  immediately  above  the  tubes. 
This  is  an  important  point.  The  loss  of  vacuum  between 
the  last  row  of  blades  and  the  steam  space  of  the  condenser 
should  be  reduced  to  an  absolute  minimum,  and  that  factor 
depends  upon  having  a  free  exhaust.  On  the  design  of  the 
exhaust  end  of  the  turbine  depends  the  degree  of  vacuum 
to  which  the  turbine  will  respond  ;  tlicrefore  so  far  as  the 
turbine  is  concerned  the  controlling  vacuum  is  that  of 
the  steam  space  immediately  above  the  tubes,  and  to 
record  the  vacuum  in  any  other  part  of  the  condenser  is 
practically  futile.  Another  important  point  is  to  test  the 
loss  of  vacuum  between  the  steam  space  of  the  condenser 
and  the  air-pump  suction.  That  should  also  be  reduced 
to  an  absolute  minimum.  I  think  it  would  be  a  good 
thing  to  specify  that  the  contractor  should  fill  in  this 
figure  in  his  tender,  and  that  when  the  plant  is  to  be 
tested,  a  test  should  be  made  to  see  how  far  tliat  guarantee 
is  conformed  to.  The  importance  of  making  tests  for 
vacuum  between  the  top  and  bottom  of  the  condenser  is 
not  always  appreciated.  Broadly  speaking,  it  serves  as 
a  very  good  indication  of  the  efficiency  of  the  air-with- 
drawal plant.  If  the  air  pump  is  not  doing  its  work,  the 
effect  of  the  excess  air  in  the  condenser  will  be  a  lower 
temperature  of  the  condensate  and  an  inefficient  cooling 
system,  owing  to  the  air  insulation  round  the  condenser 
tubes.  Another  test  that  the  author  has  not  referred  to 
•should  be  the  measurement  of  the  difference  between  the 
exhaust  steam  temperature  and  the  temperature  of  the 
condensate.  A  small  difference  between  these  readings 
would  be  a  good  indication  that  there  is  a  certain  "  fur- 
ring "  action  taking  place  inside  the  condenser  tubes,  and 
a  big  difference  on  the  other  hand  would  be  a  pretty  sure 
indication  of  the  presence  of  a  serious  air  leakage.  I 
quite  agree  with  the  author  in  emphasizing  the  value  of 
having  ample  cooling  surface.  I  do  not  find  in  this 
paper  any  reference  at  all  to  the  advantage  of  having 
the  recording  testing  instruments  centralized.  In  several 
of  the  large  modern  power  stations  in  this  country  which 
I  have  visited  this  seems  to  be  quite  a  feature. 

With  regard  to  the  question  of  electrical  meters.  In  a 
previous  paragraph  the  author  states  that  measuren'.ents 
should  be  purely  a  question  of  matter  against  energy.  It 
is  therefore  unfortunate  that  he  immediately  departs  from 
his  ideal  by  condemning  the  use  of  watt-hour  meters. 
Continuous-current  watt-hour  meters  are  admittedly  some- 
what unsatisfactory,  but  unless  the  load  is  absolutely  steady 
I  doubt  whether  there  would  be  any  gain  in  the  accuracy 
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l\«rt*.  ot  llio  riirriiy  inrdsurciiirii(>  cuinpulcii  in'iw  ulorrvatiunt 
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ol»w  x.itu'iit  ai^ainsl  the  other  are  able  to  detect  any 
probable  »uurcc  of  error.  Kxceptional  precaution*  are 
ncceuiary  when  usinj;  mm  uls. 
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llw  en  on  due  : 
be  very  large.     In  n 
fixed  vcrltcallv,  and 
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U>   uVuttI 

iticr  it  i»  : 

t    sucli  klray  hcldi.     Special  shunts 

'I..II    ;iiways  be  used  for  such  tests. 

:  dinary  switchltoard  shunts  may 

ut  of  ten  such  shunts  arc 

ihrv  ^cl  excessively  hot  at 

l.'W.     Shunts 

s!.  both  liclorc 

and  atU-i  use  ull  a  >laliuii  lest,  .tiid  p.iihi.ulai  c.ire  should 
be  taken  to  detect  any  variation  in  resistance  due  to  l.iulty 
construction,  as  this  is  a  more  frequent  source  of  error 
than  mit>ht  naturally  be  expected.  I'hey  should  be  fixed 
bori/onlally  and,  if  built  up  of  strip,  with  the  plane  of  the 
strips  vertical  in  order  to  facilitate  cooling.  The  con- 
nections must  l>e  so  made  as  to  ensure  tli.it  each  end  of 
the  sliunt  is  at  itcly  the  same  temperature.     A 

good  plan,   whii^  i.,   is  to   uac  a  shunt  designed  to 

carr)'  nearly  twice  tiie  current  required,  with  a  corre- 
spondingly higher  voltage  drop.  In  the  case  of  high- 
tension  3-phase  circuits,  it  is  advisable  not  only  to  use 
special  instruments,  but  also  if  (tossible  independent 
current  and  potential  transformers  {i.e.  used  for  testing 
purposes  only).  Au  obvious  alternative  to  sending  such 
up(>aratus  to  the  National  Physical  L.aboratory  is  to  check 
It  against  suilulilc  nui-u-r  standards  bearing  National 
I'hysical  l.at>oral<'ry  cci  tilicates.  At  Manchester  we  advo- 
cate the  use  of  two  singlc-pliase  watt-hour  meters  instead 
of  a  polyphase  meter  on  all  3-phasc  tests,  as  much  greater 
accuracy  is  thereby  ensured,  there  is  less  possibility  of 
errors  arising,  and  more  information  is  obtainable.  All 
apparatus  should  be  checked  bolb  before  and  after  the 
sUtioii   test.     A  of  only  01    per  cent  l>etweeii 

Hull  pendent  set  .  measurements  on  a  high-teiisioii 

Vph.iM  ciiiuit  IS  iiol  to  be  eXfHrctcd  in  practice;  it  may 
peihap^  Ih'  Kt'l Jilted  occasioiudly,  more  by  good  luck  than 
good  management :  but  in  any  case  to  guarantee  such  a 
hgure  as  the  possible  limit  of  error  from  absolute  accuracy 
is  quite  without  justification.  It  is  not  obvious  why 
efficiency  li  '  I  always  be  run  at  unity  (xiwer  factor, 

since   It   Is  \    of    more    imporlaiice   to  know   the 

ci!!.   .   i^  \  \  •.  tlian  unity, 

-1..  ;  .1;  1..^;  ,.d  at  a  lower 

value. 

I  fully  endorse  the  author's  remarks  with  regard  to  the 
excellent  results  that  can  be  obtained  by  the  use  of  the 
Edwards  air  pump,  with  or  without  a  steam  augmcntor, 
and  from  the  point  of  view  of  absolute  reliabihtv  they  can- 
not be  surpassed  to-day,  but  for  the  reason  pointed  out  by 


the   author, 
iliiivrrsal,        C 
obljiiirti   liuin  til 
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the  plant.     It  depends  ahiiost 

ages.     I  have  applied  the  autlioi  -  u,;  i^  <.  -  a 

I5,oookw.  turbine  that  I  Itavein  mind,  and  :  > 

proposed   by  him,  namely,  I  lb.  per  i  .  ^.r 

leakage  would  be  e<iu:«l  !■>   ;l^   Ih.  .  r 
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diameter.     The  b.. 

fore  appear  to  be  quite  high  enough— in  fact  it  uc 

an    efhcieiit   air   pump   to   deal   with   the   prci, .ur 

leakage.  In  a  paper  read  last  month  before  the  Institu- 
tion of  Mechanical  Kngiiiecrs  "  on  the  effect  of           11 

turbine  plant,  Mr.  Sluiie\  dealt  lullv  with  tlie  f 

the  value  of   K.     He  pointed  01;  -V 

between  wide  limits,  and  that  it  ■<: 
efliciency  of  the  air-witlidrawal  plant  and  tiie  suie  of  the 
condenser,   but   also   on   the    U.uiuiL'   if   ;;  e    l.i'.;^:.     He 

showed   in  the  case  of  a  verv  ■-r 

working  under  the  best  conditn.i-  i..ai  ..  .j.^,.  .  >  ..  of 
i,;oo   has    been   reached,   whilst   on    another   condenser 

working  under  low  load   it  in.iy   be  no  1  • '. 

The  utilization  of  K  a>  a  me!h<xl  of  coi'  ^- 

gested  by  the  author,  :  '• 

In  connection  with  ...  >•" 

following  set  of  figures  lor  insertion  in  lU  ■( 

the  paper.     It  has  not  been  ftossible  to  tat' s 
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Range  of  Cooling  witli   Varying  Inld-ifalcr  Tcnipcra/nif. 


Atmospheric  Temperature 


40^  F.... 

Drop 
55°  F.... 

Drop 


Cooled  by  Forced  Draught. 
Humidity 


60  %  75  % 

90-71  93-74 


19 


19 
106-87 

19 


90% 
97-78 

19 

96-78 

18 


Cooled  by  Natural  Chimney. 
Humidity 


60% 
86-69 

17 


75% 
96-76 


90% 
97-78 

19   . 


Cooling  by  Open-type  Water  Coolers. 
Humidity 


Co  %  75  %  90 


95-75 

20 


for  a  constant  inlet  temperature.  I  have  therefore  chosen 
what  appear  to  be  the  most  reliable  test  results  from  the 
large  number  taken  at  various  times,  and  give  the  actual 
figures  of  such  test. 

I  think  that  anybody  who  has  had  experience  with 
cooling  towers  will  agree  that  it  would  be  an  improve- 
ment if  they  could  be  done  away  with.  At  the  Stuart- 
street  station  at  the  present  time  we  are  dealing  with  a 
maximum  demand  of  nearly  40,000  kw.,  which  will  be 
increased  in  the  near  future  to  45,000  kw.  The  whole  of 
this  load  is  dealt  with  by  means  of  cooling  towers.  In 
connection  with  our  new  Barton  scheme  I  obtained  some 
figures  in  regard  to  the  cost  of  cooling  towers  as  against 
an  ample  supply  of  canal  or  river  water  for  condensing 
purposes,  and  I  found  that  if  cooling  towers  had  to  be 
installed  it  would  cost,  for  a  complete  station  of  100,000  kw., 
no  less  than  X  14,000  per  annum  in  excess  of  that  required 
by  the  alternative  scheme.  In  connection  with  the  date 
at  which  steam  consumption  tests  should  be  made,  the 
author's  suggestion  of  six  months  on  commercial  load  is  I 
think  excessive  and  would  certainly  not  be  accepted  by 
the  Manufacturers'  Association.  I  think  that  a  period  of 
two  months  on  commercial  load  might  reasonably  be 
allowed  to  elapse  before  the  official  tests  are  made. 

Mr.  D.  Wilson  :  At  the  present  time  when  everybody 
is  striving  after  the  last  i  or  2  per  cent  in  efficiency 
it  is  well  we  should  appreciate  the  margin  on  which  we 
have  to  work,  and  the  importance  of  obtaining  correct  and 
reliable  information  in  regard  to  all  the  essential  factors. 
In  that  respect  this  paper  undoubtedly  fills  a  gap,  and 
whilst  to  many  of  us  a  few  of  the  suggestions  may  seem 
commonplace  and  elementary,  it  is  surprising  how  many 
tests  are  carried  out  without  regard  to  the  most  elementary 
points.  The  number  of  variables  that  occur  in  boiler 
testing  is  exceedingly  large,  and  it  is  only  when  such 
variables  are  fully  appreciated  and  controlled  that  impor- 
tant results  are  really  established.  The  margin  for  improve- 
ments in  boiler  working  is  becoming  more  and  more 
narrow,  and  the  contradictions  which  come  before  us 
from  time  to  time  are  no  doubt  due  to  comparisons  being 
influenced  by  these  variables.  Taking  the  question  of  the 
efficiency  of  boilers,  some  contractors'  guarantees  are 
creeping  up  to  high  figures.  I  am  afraid  that  this  is  due 
more  to  competitive  pressure  than  to  scientific  develop- 
ment, and  it  is  probable  that  the  contractor  in  stating 
an  abnormal  efficiency  trusts  that  his  plant  will  pass  the 
test  owing  to  the  introduction  of  some  of  these  variables. 
However,  the  author  gives  us  a  set  of  curves  and  tables 


which  enable  us  to  check  these  efficiencies,  and  I  think  Mr.  Wilson 
they  should  be  kept  carefully  in  niind  as  indicating  what 
must  be  maintained  in  the  way  of  final  temperature  and  ' 

percentage   of    COj   in   order    to    establish    such    results.  * 

A   correct   heat  balance  of  course  will   prove  whether  a  ; 

test  is  reasonable  or  unreasonable,  and  in  this  connection  \ 

I  am  glad  to  see  that   the   author  adopts   the   generally  1 

accepted    figure   of   5   per   cent   for   radiation   and  other  • 

unaccounted-for   losses.     Nobody  has   yet   been    able    to  ! 

measure    correctly   the   radiation   loss,   and   for   anybody  -■ 

to  balance  the  figures  obtained  from  a  test  by  suggesting 
that  the  combined  loss  is  less  than  the  figure  given  by  the  " 

author  is  to  my  mind  much  the  same  thing  as  to  draw 
upon  an  amount  which   we  have  mutually  agreed  to  set  ' 

aside  as  reserve.     I  also  note  that  the  author  accepts  the  i 

higher  calorific  value  of  the  coal  as  a  factor  in  the  calcu-  '< 

lation  ;    wliilst    contractors    are    prepared   to    give   their  ^ 

guarantees  on  the  "higher  "or  the  "lower"  value,  it  is  a  1 

point  which    should   be  definitely  settled.     I  believe  that  j 

the   Institution  of   Civil  Engineers   are  about    to   issue   a  .'• 

report  embodying  instructions  for  carrying  out  and 
standardizing  boiler  tests,  in  which  they  specify  that  the  ', 

"lower"  calorific  value  should  be  used.  This  is  the  value 
of  the  coal  as  fired,  after  making  a  deduction  for  moisture  ' 

formed   by   the  combustion  of  the  hydrogen  which   has  j 

to  be  evaporated  and  superheated  to  the  flue  temperature,  ; 

and  if   this  correction  is  made  in   the   calorific   value   it  , 

'means    that    all    eflrciencies   are   automatically   increased  | 

by  a  few  per  cent.  There  is  naturally  no  actual  saving  in 
.the   coal  bill   as  a   result  of   this,  but   according   to  Mr.  i 

W.    H.    Booth's   ideas   it    represents    more    correctly   the  ; 

true  efficiency  of  the  boiler,  that  is,  the  ratio  of  the  heat  ' 

actually  absorbed  by  the  heated  surface  to  the  heat 
"  offered"  to  such  heating  surface.  In  any  case  this  loss 
always  exists  and  must  have  a  place  in  the  heat  balance  j 

or   in   the   calorific   value  if   we  are   to   appreciate    fully  ; 

the  margin  on  which  we  have  to  improve  boiler  efficiencies  1 

still   further.     With  regard  to  the  evaporative  capacities  | 

of  boilers  of   various   makes,  we  again   have  many  con-  ! 

tradictions.  These  also  are  probably  due  to  the  different 
variables  not  being  appreciated  and  controlled.  The  evapo-  ^ 

rative  capacity  of  any  boiler  must  depend  upon  the  grate 
area  or  the  amount  of  coal  which  can  be  burned  under 
the  boiler,  and   a  higher  evaporative  capacity   cannot  be  ' 

accepted  for  any  boiler  unless  we  are  prepared  to  admit 
that  the  efficiency  of  the  one  is  higher  than  the  other.     On  ] 

that   point   I    welcome   the   author's   effort   to   determine  , 

for   us   what   is   to    be   accepted   as   the   true   efficiency.  i 
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I  lliiiik  lie  wilt  at>icc  (lul  he  lus  not  mciiliuiicd  all 
the  vuiuMc!.  ill  coiincclion  with  IkiiIct  (c^tlll|;.  I'lob- 
ably  Iho  chief  une  is  the  coal  itkrU.  TIiom-  who 
have  had  rxpei  leiicc  of  ctal  tculing  iiiur>t  realize 
how  lilllc  la  known  even  now  attoul  the  physical  pro- 
pcrlies  of  cu.il.  Two  sjinples  of  coal  of  (lie  same 
approxiiiiute  .iiui  ulliiiiale  aiialy>i!>  will  l>eli.ivc(|uilc  ilillcr- 
ci:'  ice,  atui  i(  IS  Itecauseof  sucli  \  lut 

ill  ;<  ileM|{n  a  fuiiLicc  or  a  Miccli*  ..cr 

thai  will  Ih-  uleal  under  all  conditions.  We  must  accept 
the  one  which  ofTcrs  the  t>e>l  combination  of  udvaiilat>cs. 
I  quite  at;rccwitli  the  author  that  an  advance  may  be  nude 
by  adopting  a  special  dcsij;n  of  stoker  or  furnace  for  I'urn- 
ing  veiy  low  ^lade  and  diMicult  co;ils,  but  I  disa);ree  with 
his  somewhat  limited  icltreiice  to  this  question.  The 
points  covered  by  that  nlcieiicc  can  be  oveiconie  and 
have  been  overcome  by  many  dcsi);ns  cf  mechanical 
slokent,  including;  probably  one  of  the  oldest.  As  an 
instance  I  would  mention  two  v«.ry  large  stations  widely 
apart— prolubly  the  most  efiiciint  in  the  world — one  is  the 
Docksud  station  ut  Buenos  .\yrcs  and  the  other  the  kosher- 
villc  station  of  the  Victoria  Kails  Power  Company.  At 
the  former,  coal  having;  a  calorilic  value  of  14,000  B.  Th.L'. 
per  lb.  is  used,  and  the  economical  result  of  J5  B.Th.U. 
per  watt-hour  is  being  obtained  At  tlie  latter  station  the 
figure  is  26  B.Th.U.  and  the  fuel  used  cont.iins  (10  per  cent 
of  small  co;il,  which  again  exceeds  the  margin  given  by  the 
author  as  the  limit.  The  calorific  value  of  the  coal  never 
exceeds  10,500  B.Th.U.,  and  under  circumstances  practi- 
cally identical  as  regards  design  of  plant  and  load  both 
stations  are  doing  equally  well  with  two  dilTcrent  classes 
of  stokers,  but  in  the  rcver>c  ordir  to  that  suggested  by 
the  author— an  interesting  ^e^ult  for  two  stations  so  far 
apart  and  using  >uch  different  coals.  The  design  of 
inech.-inical  stokers  cannot  be  settled  by  the  grade  or 
calorific  value  of  the  coal  alone  :  it  is  necess;iry  to  study 
its  physical  characteristics,  and  in  this  respect  we  have 
to  learn  a  great  deal  more  than  we  know  at  present.  There 
again  I  am  sorry  to  dis;igree  with  the  author  and  with  Mr. 
Hearce.  The  calorific  value  of  the  coal  is  no  guide  at  all 
as  to  how  a  coal  is  going  to  affect  the  structure  of  the 
furnace  or  even  the  grates.  I  know  of  installations  where 
coal  of  14,500  B.Th.U.  has  been  burnt  for  10  years  without 
any  damage  being  done  ;  on  the  other  hand,  I  can  give 
instances  where  coal  of  ii.coo  B.Th.U.  has  caused  very 
>crious  damage  to  the  brickwork.  The  damage  depends 
more  upon  the  composition  and  fusing  point  of  the  ash  in 
the  coal,  and  the  former  is  a  point  about  which  none  of 
us  know  very  much,  whibt  the  latter  depends  to  a 
certain  extent  upon  the  percentage  of  sulphur  contained  in 
the  coal.  There  is  a  demand  for  a  paper  such  as  this,  and 
there  is  a  demand  for  a  man  such  as  the  author  to  stand 
l>etween  the  contractor  and  the  customer.  I  welcome  the 
author's  effort  to  reduce  to  a  more  comparable  basis  these 
matters  in  which  we  are  all  so  much  in'.erested,  and  I  am 
certain  that  all  contractors  will  support  his  endeavours. 

Mr.  J.  Khith  :  I  take  it  that  this  paper  is  a  plea  for 
greater  accuracy  in  the  testing  of  power  plant.  I  was 
disappointed  in  the  first  place  in  the  author's  treatment  of 
the  calorific  value  of  the  coal.  Obviously  that  is  the  basis 
of  the  whole  test,  and  the  author  seems  to  have  forgotten 
to  mention  how  it  was  taken.  It  would  have  been  very 
interesting  to  have  had  his  views  on  the  correct  method  of 


jsi,  r<|  to  the  1 

dpi  '  r   Of    l"^'-  •>- 

value,  and,  11   tli<  ->! 

should  be  dried  I    -  „  .  " 

thik  were  to,  it  would  have  been  intciesling  to  lu\e  a 
discussion  on  how  to  dry  coal,  liccausc  it  it  bitown  Hut 
this  is  an  exceedingly  dilticult  process.  Moislurc  a»  it 
CXI  '  .1  may  b<^^  .r  F..  but   still  it 

reii.  .1  ;    it    IS   I  -ult   1"  drv  oioi 

uillioul   healing    It    sir  ^e 

matter.     In   view  of   1  >* 

significant  that  his  analyses  of  the  coal  add  up  111  one  case 
141  |>er  cent,  and  in  another  10  per  ceat,  short  of  100  per 
cent.     Possibly  it  is  the  volatile  nutter  which  lus  been  left 

out,  owing  to  its  having  been  driven  oflf  in  <■ ■  ■' d  ; 

but  of  course  this  discrepancy  nukes  it  ini;  k 

any  of   the  figures  on   the  efticienc\  o 

disapiKiintcd  in  the  curves  marked 

and  "  boiler  eflficiency."     These  cuivcs  wuuid  'o 

believe  that  one  has  merely  to  measure  the  1       .  c 

of  the  flue  gases  and  the  amount  of  CO,  in  order  to  ascer- 
tain the  efficiency  of  the  boiler.  Somewhere  in  the  paper 
the  author  mentions  that  this  represents  the  maximum 
efficiency  attainable,  but  I  think  it  ought  to  have  been  stated 
more  clearly  on  the  curves,  lie  has,  it  would  seem  entirely 
omitted  to  take  account  of  the  CO.      1  l>c 

checked  because  of  these,  to  me,  extr.i  -it 

as  far  as  can  be  seen  they  take  into  account  \  -  d 

in  the  water  vapour  and  the  Hue  gases,  assu        „  no 

CO.  Now  the  curves  go  down  to  as  low  as  15  per  cent  of 
excess  air.  To  imagine  that  under  these  conditions  there 
will  be  no  CO  is  illusory,  and  when  it  is  conMdered  that  1 
per  cent  of  CO  in  the  llue  gases  may  mean  a  5  per  cent 
drop  in  efficiency  it  does  not  appear  that  theM?  curve*  are 
valuable  for  the  purpose  which  they  are  11  '  c. 

Then,  again,  I  cannot  see  why  the  author  -.al 

pipe  in  a  flue  to  sample  the  flue  gases.  He  must  know- 
that  a  great  deal  of  stratihcition  is  to  be  found  in  the  flue 
gases,  and  to  collect  the  sample  across  a  horizontal  line 
seems  to  be  fallacious  :  to  collect  vertically  would  have 
been  an  improvement,  and  the  practice  of  using  a  cross 
tube  is  l-)etter  still.  It  seems  to  me  that  in  order  to  get  an 
accuracy  of   1  in   i.ixx)  such  considerations  ought   to  be 

I  noticed.  Broadly  speaking,  one  would  have  expected  far 
more  discussion  of  the  question  whether  to  lake  in  the 
power  of  the  auxiliaries  or  not.  Boiler  makers  w  ill  guarantee 
10  lb.  of  steam  per  lb.  of  coal,  and  some  will  guarantee  a 
kilowatt-hour  per  10  lb.  of  steam  ;  and  yet  it  is  a  good 
station  that  can  generate  one  kilowatt-hour  on  3  lb.  of 
coal.  Much  of  that  difference  is  due  to  the  auxiliaries. 
In  testing  a  boiler  one  ought  also  to  take  the  fan  into 
account.  It  is  part  of  the  working  of  the  boiler,  and  the 
steam  taken  for  it,  or  the  equis-alent  of  the  steam  taken 
for  it,  ought   to   be  subtracted   from  the  output  of  the 

,  boiler.  It  is  more  questionable  whether  one  ought  to 
take  into  account  in  the  efficiency  of  the  steam-raising 
plant  the  power  for  coal  handling  and  ash  handling. 
The  same  qu     ■  -es  wilh  regard  to  the  water  and  air 

pumps  for  the  cr.  fans  for  the  cooler,  elo      A!!  '.►lat 

would  have  been  quite  worth  discussing.     1   1  'e 

see  why  the  Author  has  made  the  distinction  K :  cl 

and  wooden  cooling  towers.  It  seems  to  me  that  a  t>etter 
wav  would  have  Ixcn  to  deal  with  open  cooling  towers 
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ir.  Friih.  with  natural  draught,  and  enclosed  towers  with  natural 
or  forced  draught.  \Vc  also  have  some  figures  for  cooling 
towers  which  I  have  expressed  in  gallons  per  hour  per 
square  foot  area  for  each  foot  of  height  and  each  degree 
Falirenheit  of  cooling — tliey  vary  for  open-type  towers 
from  66  to  83,  and  for  closed  towers  go  up  to  204  gallons 
per  hour. 

r.  Scaton.  Mr.  G.  D.  Se.won  :  I  sympathize  with  those  who  think 
that  an  acceptance  test  should  be  conducted  by  an  engineer 
independent  of  both  the  contractor  and  the  customer,  but 
I  entirely  disagree  with  the  author's  suggestion  that  the 
test  should  be  made  after  the  machine  has  been  in  use  six 
months.  In  my  opinion  the  test  ouglit  to  be  made  as  soon 
as  possible.  However,  in  advocating  independent  tests 
serious  difiicullies  at  once  arise.  The  first  is  that  the  cost 
of  an  independent  test  would  proliahly  be  at  least  some- 
thing like  ,t"ioo  :  but  it  is  evident  from  what  tlie  author 
saj's  on  page  loy  that  a  little  money  spent  on  testing  is  a 
very  good  investment.  There  is  another  more  serious 
difficulty.  Many  engineers  consider  it  a  reflection  on 
their  technical  knowledge  to  call  in  an  expert  to  make  the 
tests,  but  I  maintain  that  every  engineer  should  confine  his 
attention  to  the  work  that  he  is  accustomed  to,  and  in  my 
opinion  the  average  engineer,  though  he  may  know  his 
particular  business  perfectly,  cannot  find  time  to  devote  to 
the  study  of  the  special  features  that  arise  in  connection 
with  testing.  I  am  totally  opposed  to  tests  at  the  makers' 
works.  There  is  considerable  trouble  with  turbines  in  this 
country  at  the  present  time,  but  there  is  no  need  to  be 
pessimistic.  The  trouble,  I  am  glad  to  say,  is  entirely 
confined  to  turbines  of  the  cheap  type,  and  I  hope  tliat  out 
of  evil  will  come  good  ;  engineers  will  begin  to  see  that  if 
they  want  to  avoid  trouble  and  get  good  results  they  must 
install  well-made  plant. 

r.  Peck.  ^'r.  J.  S.  Peck  :  Mr.  Seaton  spoke  in  favour  of  calling  in 

outside  experts  for  taking  tests  where  large  sums  of  money 
may  be  involved  in  the  results  obtained,  and  I  wish  to 
associate  myself  with  him.  All  designers  of  machinery 
know  how  essential  it  is  to  obtain  accurate  results  from  the 
testing  department,  for  upon  the  results  of  these  tests  future 
designs  are  based,  but  while  we  may  have  accurate 
data  of  our  own  machines  we  know  very  little  about  the 
actual  performances  of  those  of  our  competitors,  and  we 
are  apt  to  question  the  accuracy  of  published  figures  show- 
ing abnormally  good  results.  I  believe  that  the  publication 
of  actual  test  results  obtained  by  impartial  observers  would 
result  in  increased  progress,  for  if  we  knew  that  our  com- 
petitors were  excelling  us  we  should  strain  every  nerve  to 
equal  and  surpass  them,  and  thus  the  whole  industry  would 
benefit.  I  myself  should  welcome  the  introduction  of  the 
custom  of  employing  independent  experts  for  all  tests 
where  the  question  of  a  penalty  or  bonus  is  involved.  The 
onl  ■  restriction  that  I  would  urge  is  that  the  testing  expert 
should  be  one  in  fact  as  well  as  in  title. 

r.  Watson.  Mr.  S.  J.  Watsox  :  There  are  one  or  two  matters  which 
I  should  like  to  mention.  Mr.  Pearce  has  referred  to  them, 
but  I  wish  to  supplement  his  remarks.  The  first  is  with 
regard  to  obsolescence.  As  the  author  points  out,  this  has 
not  been  dealt  with  in  the  past  as  it  ought  to  have  been. 
There  is  no  doubt  that  the  small  plant  installed  10  or  15 
years  ago  is  to-day  quite  out  of  date,  and  if  proper  attention 
had  been  paid  to  the  financial  side  of  electricity  supply 
such  plant  would  have  been  eliminated  from  the  capital 


account  and  more  modern  plant  substituted  for  it.     Most  Mr.  Watsc 
members  probably  know  that  15  years  ago,  for  instance, 
the  cost  per  kilowatt  of  a  generating  set  was  ;f  10  to  £1^, 
and  the  steam  consumption  was  anylhing  from  30  to^o  lb. 
per  kw.-hour.     To-day  large  modern  turbine  plant  can  be  1 

bought  for  about  £3  3s.  per  kilowatt  and  the  steam  con-  ' 

sumption  is  between  iii  to  13  lb.  per  kw.-liour.  Bearing 
in  mind  the  cheapening  of  the  plant  and  the  reduced 
steam  consumption  there  is  not  the  sliglitest  doubt  that 
the  early  plant  should  be  entirely  written  off.  On  page 
109  the  author  says  that  plant  rated  at  less  than  5,000  kw.  ( 

in  the  case  of  turbo-alternators,  or  30,000  lb.  per  hour  for  j 

steam  boilers,  should  be  written  off  in  8  to  10  years.     I  do 
not   understand  why  he  should  fix  on  a  definite  size  of 
plant  and  a  definite  period  ;   it  seems  to  me  tliat  obso- 
lescence is  more  a  question  of  what  is  the  percentage  size  , 
of  a  given  set  to  the  total  plant  installed,  and  also  of  its               j 
economical   usefulness   under  the  then  existing   working  i 
conditions.     The  sets  which  many  of  us  have  got  rid  of              1 
were  rated  at  250  or  300  kw.  or  less,  and  at  the  present  i 
time  much  larger  plant — 2,000,  3,000,  or  5,000  kw.  sets — are               i 
being    installed.     If    very    large    stations    are   eventually               i 
erected  it  may  easily  happen  that  it  will  pay  in  the  future 
to  write  off  the  5,000  kw.  set  now  being  installed  just  as  it 
has  been  advisable  to  write  off  the  200  kw.  or  300  kw.  sets  j 
which  were  put  in  10  or  15  years  ago.     Another  point  on               | 
page  109  is  the  question  of  load  factor.     I  fail  to  under-               1 
stand  what  the  author  means  where  he  says,   "  Further  1 
improvements  which  will  subsequently  be  obtained  when              ' 
the  load  factor  is  50  per  cent  will  not  be  a  vital  matter               1 
in  the  cost  of  generating  electrical  energy."     I  hope  that 
he  will  state  clearly  what  is  here  meant.     The  only  way 
in  which  I   can  apply  the  above  remarks  is,  that  when 
the  load  factor  was  only  about  12  per  cent  we  incurred 
certain    costs    per    unit,   and    when   it   increased    to    25               1 
or   30   per   cent,   as   is   the   usual   practice   to-day,    there               ' 
was  a  very  large  percentage  saving,  but  that  there  will               j 
not    be    so    large    a    percentage    saving   when   the   load               1 
factor     increases    from    30    per    cent    to    50    per    cent.               ] 
That,    of    course,   would    be    quite    true,   but    I    do    not               1 
know    whether     he     intends    to    convey    that    meaning. 
In  any  case  there  is  no  doubt  whatever  that  a  marked 
reduction  occurs  in   the   working   expenses    and   in   the               j 
capital    cost    per    unit    sold    with   an    increase   from   30               : 
per   cent   to   50   per   cent  in    the    load   factor.      Further 
on   he  discusses   7,500   and    10,000    kw.   sets    and   shows               i 
how    much   extra   can    be   paid   for   a   given   percentage               ' 
saving  in  the  steam   consumption.     That  seems  to  me  a 
somewhat   difficult   matter   to  deal  with.     My  own  view 
is  that  all  makers  of  prime-movers  sliould  endeavour  to 
obtain  the  best  results  that  they  can  from  their  plant,  and 
if  a  saving  of  10  per  cent  in  the  steam  consumption  means 
an  additional  cost  even  of  ^2,000  or  ^"3,000,  the  manu- 
facturer  should   still   standardize   such  plant.     A   further 
point  arises  :  How  much  extra  is  one  justified  in  paying 
for  a  given  reduction  of  steam  consumption  ?     It  may  be 
the  case — I  think  it  would  be — that  on  a  set  of  the  size              t 
mentioned  one  would  willingly  pay  ;£2,ooo  or  ;£3,ooo  extra, 
but  would  we  be  prepared  to  give  Xio,ooo  extra,  although               | 
the  author  shows  that  it  is  worth  £24,000  more  ?     I  believe               | 
that  nobody  would  be  prepared  to  do  so  ?    Why  ?    Because              j 
one  is  not  certain  that  the  guaranteed  results  would  be              1 
obtained  ;  and  in  any  case  such  guarantee  only  extends 
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obtains  bv  the  use  o(  apparatus  o^  that  kind  is  ven'  valu- 
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pare  ihc  rct.oui>  iii  i.tt.  >;....i  ttitli  liic 
:  in  order  to  check  Uic  recalls  at  any 
particular  nioiiicnl.  Many  recorders  have  a  Im  of  a 
quarter  o<  an  hour  or  haU  an  hour,  or  even  more.  There- 
fore the  Orsal  testing  instrument  is  exceedingly  useful 
as  a  check  against  the  recording  instrument.  In  that 
connection  I  sliould  like  to  congratulate  the  author  upon 
the  method  which  he  has  adopted  of  obtaining  a  sample 
of  the  ^•^-  Some  few  years  ago  I  was  taking  a  number 
of  I  iratus  and  in  order  to  obtain  new 

saiii;  I  tixctl  a  small  hand  blower  with 

the  valve  reversed  to  the  Orsat  apparatu*.  A  few  strokes 
of  the  blower  was  quite  enough  to  ensure  that  a  fresh 
sample  was  obtained  from  the  flue,  the  test  was  completed 
in  a  moment  or  two,  and  the  condition  of  Ihc  fire  was 
compared  with  the  result.  Slight  adjustments  of  the  fire 
or  r  !  the  best  results  to  be  obtained. 

Tht  luction  in  the  amount  of  CO, 

which  very  oltcn  occurs  l>clween  the  outlet  of  Ihc  boiler 
and  the  bottom  of  the  chimney  when  the  Hue  gases  pass 
through  an  economizer.  I  think  it  is  generally  known  that 
much  of  that  reduction,  though  not  the  whole  of  it,  is  due 
to  air  leakages  through  the  scraper  drain  holes  of  the  econo- 
niuer.     I  eiil:;  '   ise   the   author's   p 

that  water  lai.  I>e  used  in  place  v: 

In   >  i    Willi  my  own  plant   I   ha\<  I  (uo 

wall:  o  that    while  one   is  being   >  other 

is  being  emptied.  Hy  that  means — in  fact,  1  think,  by 
that  means  only — can  one  be  absolutely  certain  of  the 
consumption  of  a  given  plant.  The  question  of  efficiency 
tests  has  also  been  mentioned.  It  seems  to  me  that 
the  author  is  absolutely  wrong  in  saying  that  efficiency 
tesl>  :       at     unity     power    factor.      Ob- 

viou  vis — that  i<  a  lest  which  includes 

the  nearly  always  runs 

will,  -the  test   should  be 

taken  at  the  power  factor  lor  which  the  alternator  i 
designed  and  under  the  actual  o(>erating  conditions.  Wil: 
regard  to  condenser  pumps,  I  preier  Ihc  reciprocatin. 
tvpe  even  with   plants  of   fairly  large  size.     In   the   first 
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for  al>out  three  years,  and  there  is  not  tliv  ...^ — ; 

eroMon  or  corrosion  on  the  blading,  and  the  blades  are 
also   peifcctly   clean.     T'  to-day  is 

the  same  as  when  the  i..  illed. 

Mr.  W.  Ck.\mi-  ;  There  .uc  »*'■ 

mentioned  by  Mr.   Frith    wli. 
curves  on  pages  110  and   lit.     ir 
word  "  ()r>at  "  used  to  define  the  11.    . 

Is  not  the  curve  accurate  whatever  method  be  adopted  for 
measuring  the  CO, .'  Again  Fig.  1.4  seems  lo  have  been 
plolled  siniplv  from  the  ordiiurv  Buntc  formula,  whilst 
1  ■-.■•■ 

tile    .ii>-.C!>->.e    :ii\iii;4    t>i- 

botloin  ol   the  cuive.     L  . 

knowle^lge    in    these    matters,   such   cur\-es   seem   ratner 

eleinentarv,  and  one   would   hkc   lo   know   what    special 

rea-on   the  author    liad    (or    including    them.     Do  tlicy 


author  .'     it  so,  it  i> 
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what  it  is  due.     In  regard  to  obsolescence,  it  seems  to  n»c 
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in  power  plant  which  we  arc  never  hkcly  to  see  j. 
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Cramp,   obsolescence  will  occur  in  regard  to  size,  and  it  must  be 
allowed  for,  but  it  will  not  arise — at  any  rate  not  to  the 
same  extent — in   connection    with    the   type   of   plant.     I 
find   the   paper   also   a  little   disappointing  in   its   scope. 
Its     title     is     "  Power     Plant     Testing,"    whereas     it    is 
really    a     scries    of    notes    on     the    testing    of    a    very 
special    type   of  power    plant.     The    author    has   already 
said    that    he    does    not    include    gas    and    oil    engines. 
That  is  a  large  deduction  to  begin  with  ;  but  if  the  paper 
be  examined  it  is  found  that  only  steam-turbine  generators 
are  considered.      There   is   no   mention   of  reciprocating 
engines,  nor  is  there  any  discussion  of  plants  of  whicli  the 
output  cannot  be  measured  electrically.     Now  in  ordinary 
practice  for  one  plant  driving  an  electrical  generator  there 
will  be  ten  without  an  electrical  generator,  and  certainly 
there  will  be  a  very  large  percentage  which  are  not  con- 
cerned w^ith  turbines.     In  consequence,  much  of  the  paper 
is  not   ordinarilj'  applicable.      Moreover,  not  only  is  the 
paper  confined  to  a  particular  type  of  steam  engine  ;  it  is 
also  contined  to  a  particular  type  of  boiler,  to  a  particular 
type  of  condenser,  and  apparently  also  to  a  particular  type 
of  grate  and  stoker.     For  instance,  all  the  difliculties  in 
testing  which  arise  on  account  of  the  use  of  Lancashire 
boilers,  sprinkler,  coking,  or  shovel  stokers,  jet  condensers, 
and  various  t\-pes  of  grate  are  disregarded  by  the  author. 
These   considerations  also  affect  the  matter  of  accuracy. 
■    For,  after   all,  accuracy  in    steam-plant   testing  depends 
upon  the  fact  that  the  condition  of  the  fire  at  the  end  of 
the  test  must  be  similar  to  that  at  the  beginning  ;  yet  no 
hint  is  given  as  to  how  the  fire  depth  is  to  be  measured  nor 
as  to  how  we  are  to  ascertain  its  condition.     I  submit  tliat 
with  the  ordinary  methods  of  regulating  the  fire  it  is  quite 
impossible   to   reach   a   degree   of   accuracy  such  as   the 
author  suggests.     With  regard  to  testing  on  unity  power 
factor,  it  seems  to  me  exceedingly  easy  to  build  a  machine 
to  give  good  results  on  unity  power  factor  and  disappoint- 
ing results  on,  say,  an  80  per  cent  power  factor  ;  so  that 
the  latter  test  is  of  great  importance  as  determining  the 
value  of  the  machinery  supplied,  especially  where  close 
regulation  is  required.     On  page  114  in  the  second  column, 
just  before  "  Condensers  and  Air  Pumps,"  there  is  a  para- 
graph  which   I   should   like   the   author   to   explain.     In 
connection    with    air   pumps   he    refers   to    tests   of    the 
quantity  of  air  measured  by  the  indraught  through  cali- 
brated nozzles.     I  should  like  to  see  some  of  those  nozzles 
or  a  description  of  them.     My  impression  of  nozzles  is  that 
they  are  extremely  inaccurate.     With  regard  to  the  ques- 
tion  of  fans,  I    should   like   to   know   where   the   author 
measures  the  pressure  and  in  what  way  he  calculates  the 
efficiency.     He   says   that   a   set   of    home-made   wooden 
nozzles  can  be  fitted  in  turn  on  the  outlet  of  the  fan.     In 
my  opinion  such  a  method  is  likely  merely  to  repeat  the 
errc  s   that   have   been  common  hitherto  in  ascertaining 
the  efficiency  of  the  fan.     In  anj'  case,  fan-testing  through 
a  calibrated  nozzle  wherein  the  pressure  is  measured  close 
to  the  point  where  the  air-path   is  reduced   in  section  is 
practically  useless,  the  pressure  reading  being  altogether 
unreliable.      One  must  also  remember  that  tlie  ordinary 
pressure   gauge  used   by  engineers  for   testing  fans  is  a 
water  gauge  graduated  perhaps   in  very  small  divisions. 
Usually,  however,  the  total  pressure  is  only  equivalent  to 
about  4  or  5  in.,  and  since  it  cannot  be  read  to  a  greater 
accuracy  than,  say,  1/16  in.,  the  error  in  efficiency  is  likely 


to   be   very  large.     Much   more  delicate  instruments  are  Mr.  Cr.imp. 

required,  and,  as  a  matter  of  fact,  are  to  be  had  for  this 

purpose.     The  testing  of  fans  has  reached  a  stage  when  it 

may  be  scientifically  carried  out.     I  quite  agree  with  the 

autlior  that  corrections  should  be  avoided  if  possible,  but  1 

in  nine  cases  out  of  ten  it  is  impossible  to  reproduce  the 

exact  conditions  laid  down  in  the  specification.     At  least 

that  is  my  experience.     A  serious  mistake  occurs  in  the 

author's   argument   concerning   tlie   great   importance   of 

steam    consumption.      He    says    that    £37$    P^r    annum 

capitalized    on    the    basis    of     8-years'    life    is    ;£3,ooo.  \ 

Either  this  sum  is  incorrect,  or  else  unusual  values  have  j 

been  taken  for  interest  and  sinking  fund — ,£2,000  is  much  j 

nearer  to  the  ordinary  capitalized  value  of  £275  on  a  basis  j 

of  8  years.     In  conclusion,  I  should  like  the  author  to  give  | 

us  the  data  upon  which  other  statements  are  based.     For  j 

instance,  on  page  1 1 1  in  regard  to  the  loss  by  radiation  he 

says  that  3  per  cent  in  a  20,000  lb.  boiler  well  lagged  is,  in 

his  opinion,  a  sufficient  allowance,  but  he  does  not  give  us 

any  figures  to  support  that  information,  nor  any  indication 

as  to  how  he  has  arrived  at  his  conclusion.     On  page  114 

also  with  regard  to  the  mercury  column  for  peripatetic  ; 

testing,  he  says  that  he  finds  it  necessary  to  manufacture  ; 

his  own,  but  he  does  not  give  us  any  details.     I  hope  that 

in  his  reply   he   will   give   further   information   on    these  ' 

matters.  J 

Mr.  E.  C.  McKiXNON  [communicated)  :  With  such  an  jj^ 
attractive  title  I  anticipated  a  more  comprehensive  paper  McKinnon. 
on  this  subject,  and  I  could  not  but  feel  at  the  end  that 
the  title  was  a  misnomer.  I  should  have  expected  and 
welcomed  some  remarks  on  the  testing  of  storage  batteries, 
which  are  more  and  more  becoming  a  recognized  auxiliary 
to  power  plant,  and  yet  the  omission  is  significant  of 
apparent  indifference  to  this  important  branch.  I  find — 
not  invariably  but  very  commonly — a  vagueness  about 
specifications  issued  by  central-station  engineers  and  con- 
sulting engineers  when  dealing  with  storage-battery  tests 
which  is  in  such  marked  distinction  to  the  explicitness  of 
tlie  tests  to  be  carried  out  on  other  sections  of  the  power 
plant  that  I  am  tempted  to  press  for  an  explanation.  A 
bonus  clause  is  never  embodied  in  the  specification  of  a 
storage  battery.  Does  the  engineer  deem  it  sufficient  to 
specify  the  required  capacity  and  protect  himself  by  a 
maintenance  agreement  to  ensure  that  this  will  nominally 
be  maintained  for  a  term  of  years  ?  The  battery  tests  on 
site  usually  specified  are  neither  convincing  nor  useful.  It 
is  quite  a  simple  matter  to  form  or  over-form  plates  to  give 
their  initial  rated  output,  assuming  that  this  has  been  stated 
on  a  conservative  basis.  The  user  is  not  necessarily  a  loser 
if  he  receives  plates  which  might  at  first  be  rather  low  in 
capacity,  for  this  may  mean  that  the  lead  base  has  been 
attacked  or  formed  to  a  comparatively  small  degree,  and 
the  life  of  the  plates  will  thereby  tend  to  be  increased. 
What  does  a  test  on  a  new  battery  as  at  present  taken 
convey  to  engineers  ?  Simply  that  on  a  said  date  under 
certain  conditions  the  battery  is  found  to  have  a  certain 
output.  It  does  not  prove  that  the  plates  are  well  designed, 
have  been  made  from  pure  metals,  are  free  from  dross  or 
imperfections,  that  all  traces  of  forming  reagents  have 
been  removed,  that  the  plates  will  have  a  normal  life,  or 
that  they  will  maintain  the  output  obtained.  What,  more- 
over, is  the  test  ?  A  study  of  specifications  issued  during 
the  past  few  years  will  show  that  generally  this  is  "  Having 
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loads.     Aflei  tied  the  author 

would  possess  a  curve  giving  the  steam  consumption  < 
each  set  or  unit  oi  plant.  This  curve  should  be  plotted  u^ 
show  the  hourly  cost  of  coal  from  zero  to  full  load,  and  I 
suggest  that  it  be  set  out  in  conjunction  with  the  constant 
losses  and  kept  as  a  record  for  the  operating  staflf.  who 
could  till  •  would  be  the  most  I 

set  for  ..  In   studying  this  .,  . 

will  be  >ecii  ti.ai  it  is  more  economical  for  the  lirsl  set  to 
be  cheap,  than  for  it  to  be  expensive  and  to  have  a  low 
steam  consumption.  The  second  set  should  be  purchased 
with  low  running  costs  kept  well  in  view.  To  illustrate 
what    I   mean  I   h.ive   plotted  a  diagram  (Fig.  C)  which 
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relates  to  two  sets  o(  equal  sue  but  of  different  design,  one 
having  low  capital  costs  and  the  other  low  running  costs. 
It  will  be  seen  M  once  from  this  diagram  that  the  greatest 
economy  will  be  obtained  if  the  ex|yriisive  set  is  run 
when  the  U-ad  exceeds  half  the  rating  of  this  set.  ami 
if   the  chca|K'r  -.et  is  run  on  all  loads  less  than  liali    its 

Vol.  53. 
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>n,   say  6  ft.   from   the   floor,  by  means  oi  a   thin 
.,..v.sK-n  prop,  which  at  the  right  moment  wr.    -    "    ' 
by  means  of  remote  control — in  this  cusc  a  ; 
about  25  yards  long.    .\fi. 
ciriiiit  the  set  w:ts  shut 
The  svv 
s  falling  ■ 
and  the  diniage  to  the  contacts  was  hardly  petxvpUMe. 
The  gre.itcst  letum-  w  .«  ihe  report. 
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SELVEY:    POWER    PLANT   TESTING:    DISCUSSION. 


wherever  practicable  I  prefer  to  test  each  sample  of  coal 
for  at  least  three  days  and  nights  and  if  possible  a  full 
week  under  sucl)  conditions,  the  boilers  and  tanks  being 
shut  off  simultaneously  at  similar  times  each  day  thus 
enabling  the  test  to  be  subdivided  at  will,  the  coal  used  for 
banking  the  boilers  being  duly  noted.  This  system  has 
been  adopted  as  the  result  of  several  hundred  tests  on 
various  f.actory  plants.  If  the  coal  be  so  variable  in  quality 
that  the  gases  vary  from  S  per  cent  to  14  per  cent  irre- 
spective of  the  conditions  of  the  fire,  as  is  to  be  inferred 
from  the  author's  statement,  I  consider  10  tons  of  coal 
insufficient,  even  if  burnt  in  one  boiler,  to  make  a  proper 
test  of  the  average  quality  of  the  fuel  for  the  purpose  of 
placing  a  contract  for  a  bulk  supply,  especially  if  the  coals 
when  compared  give  nearly  similar  results.  Among  the 
reasons  why  I  consider  coal  should  be  burnt  on  test  under 
actual  working  conditions  and  in  the  same  number  of 
boilers  as  is  used  regularl}',  is  the  fact  that  the  temperature  of 
the  gases  leaving  the  boilers  varies  according  to  the  quality 
of  the  coal,  and  in  practice  such  a  test  therefore  should 
comprise  not  onl}'  boilers  but  economizers.  This  source 
of  error  is  often  not  taken  into  consideration  in  making 
tests  on  a  boiler  which  is  only  one  of  many  serving  an 
economizer.  On  whatever  lines  the  test  be  made  it  must 
clearly  be  made  over  a  sufficient  period  to  ensure  the 
results  being  .accurate  and  the  coal  used  being  of  average 
quality  ;  the  consumption  must  also  depend  on  the  size  of 
the  test  boiler  or  boilers.  Most  important  of  all  is  that  the 
coal  should  be  burnt  at  as  nearly  the  same  rate  per  square 
foot  of  grate  area  as  in  everyday  use.  For  these  reasons  it 
would  have  been  preferable  if  the  author  had  suggested  a 
time  and  not  a  weight  basis,  if  any  standard  be  desired. 
On  page  114  he  states  that  he  has  never  seen  a  really 
satisfactory  portable  mercury  column,  and  he  recommends 
the  use  of  an  open-type  column,  plus  an  aneroid  barometer 
for  condenser  tests.  I  would  suggest  that  provided  proper 
precautions  are  taken  to  prevent  rushes  and  slow  creeping 
of  moisture  an  "  absolute  "  mercury  column  is  far  prefer- 
able, since  it  gives  one  absolute  reading  and  therefore 
ensures  accuracy.  I  have  in  fact  such  an  instrument  in 
daily  use  which  was  made  to  my  design,  with  a  U-tube 
and  sliding  scale,  thus  dispensing  with  all  inaccuracies  of 
calibration.  This  is  most  convenient  for  carrying  about  and 
has  always  given  ver}'  satisfactory  results  ;  the  cost  was  only 
SOS.  complete  in  its  case.  It  is  of  course  fitted  with  cocks  to 
prevent  the  mercury  hammering  in  the  tubes.  When 
carried  it  can  be  swung  freely  without  risk  of  damage 
or  of  air  getting  into  the  tube.  The  instrument  is 
very  useful  as  a  standard  vacuum  gauge  for  calibrating 
purposes,  and  is  also  of  use  as  an  ordinary  barometer. 
I  am  interested  in  the  author's  suggestion  on  page  114 
with  rega.-d  to  the  setting  up  of  a  standard  for  what  might 
b..-  called  the  "  incapacity  "  of  an  air  pump.  Many  papers 
read  recently  on  condensing  plants  give  estimates  of  the 
quantity  of  air  to  be  dealt  with  by  air  pumps,  but  they 
always  seem  to  omit  to  state  their  authors'  ideas  on  a 
far  more  important  point,  namely,  the  capacity  of  the 
air  pump  required  to  deal  with  this  air,  a  factor  which 
must  be  decided  by  the  partial  air  pressure  in  the  con- 
densers. The  author  suggests  that  this  figure  should 
be  0-3  in.,  which  appears  to  conform  with  common 
practice.  It  is  worthy  of  note  that  this  figure  increases 
the   steam   consumption   of   a   turbine  2   per  cent   for   a 


28/2Q  in.  vacuum  if  not  compensated  for  by  extra  tube 
surface  in  the  condenser,  and  the  question  arises  whether 
this  figure  is  not  too  high.  At  any  rate  I  trust  the  dis- 
cussion will  elucidate  what  is  the  lowest  value  that 
designers  consider  the  partial  air  pressure  should  be 
reduced  to  in  order  that  the  e.xtra  value  of  the  running 
and  fixed  charges  on  the  necessary  extra  plant  do  not 
exceed  the  saving.  On  page  116  I  note  that  the  author 
advocates  the  measurement  of  the  quantity  of  circulating 
water  by  means  of  its  temperature  rise,  and  states  that 
this  method  "allows  of  considerable  accuracy."  I  have 
often  adopted  this  method  myself,  but  on  theoretical 
grounds  alone  have  always  considered  the  results  to  be 
only  approximate.  Even  if  condensation  in  exhaust,  con- 
denser, and  prime-mover  due  to  radiation  and  conduction 
be  neglected,  it  can  be  easily  calculated  that  steam  initially 
at  180  lb.  pressure  and  superheated  by  150°  F.  when 
expanded  adiabatically  to  a  28^  in.  vacuum  has  a  dryness 
fraction  of  only  79  per  cent,  or  if  it  be  only  saturated 
initially  of  75  per  cent.  This  cause  alone  would  make 
the  quantity  of  water  calculated  according  to  the  method 
advocated  by  the  author  theoretically  26^  per  cent  and 
33J  per  cent  respectively  more  than  the  actual.  Now 
although  in  practice  I  believe  this  difference  does  not 
reach  these  figures,  it  seems  clear  that  this  method  of 
measuring  water  though  extremely  simple  and  convenient 
cannot  be  considered  as  giving  any  high  degree  of 
accuracy,  as  suggested,  unless  suitably  corrected  on  some 
sound  basis. 

Mr.  A.  E.  Jepson  {communicated)  :  With  regard  to  the 
author's  statement  that  stray  fields  affect  watt-hour  meters, 
lie  has  omitted  to  mention  that  the  Aron  clock-type  meter 
is  an  exception,  as  has  been  demonstrated  both  in  theory 
and  in  practice.  The  proposal  to  place  the  instrument 
at  a  considerable  distance  from  the  shunt  so  that  it  is  not 
in  proximity  to  stray  fields,  has  the  objection  that  the  true 
temperature  correction  cannot  be  ascertained.  The  author 
proposes  to  fix  a  thermometer  in  the  case  of  the  instru- 
ment, but  as  the  leads  often  represent  one-third  of  the 
total  resistance  (including  that  of  the  meter)  a  false 
correction  for  temperature  can  easily  be  made.  It  is  not 
unusual  to  find  a  dift'erence  in  temperature  of  at  least 
30°  F.  between  the  positions  where  the  meter  and  shunt 
are  fixed.  By  using  a  total-current  type  of  clock  meter 
the  temperature  coefficient  can  be  reduced  to  half  the 
figure  of  o'03  per  cent  per  degree  F.  mentioned  by  the 
author.  In  view  of  the  instructions  given  as  to  the  careful 
handling  and  setting  up  of  the  meters  used  on  a  particular 
test,  I  am  sure  those  engineers  who  use  for  their  large 
power  circuits  two  or  three  meters  in  series  and  who 
get  a  maximum  difference  of  2  per  cent  will  feel  them- 
selves particularly  fortunate.  It  is  to  be  regretted  that 
more  care  is  not  taken  with  test  meters  as  well  as  with 
ordinary  meters.  I  do  not  agree  with  the  author's  state- 
ment that  tests  with  3-phase  meters  can  be  made  with 
an  accuracy  of  i  in  1,000.  A  change  in  temperature  of 
2°  F.  would  account  for  quite  this  error,  and  as  it  usually 
takes  at  least  four  days  before  the  interior  of  a  meter 
assumes  a  steady  temperature,  I  consider  o'l  per  cent 
an  impossible  figure,  particularly  when  one  remembers 
that  the  electricity  supply  in  the  test  room  is  unlikely 
to  have  the  same  wave-form  as  that  on  the  distributioni 
system.     As   temperature    also    affects    the    power-factor 
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whi  I  ever  have  had  Mtch  a  term  as  "  load 

faciiM  ;■>'■»  iwi>  has  increased  to  jo  per  cent,  and  in  a 
few  places  to  nearly  ^o  jKr  cent.*  My  pouit  was  that  by 
the  :  '  (actor  is  reached  stations  arc 

run  lhi<   curve  th;it  any    gam   as 

to  a  further  incrca>c  ut 
.illy  no  dilTerciice  to  the 
total  cost  per  unit,  because  the  improvement  between 
50  per  cent  and  say  70  per  cent — it  is  almost  unthinkable 
tliat  we  shall  get  beyond  70  per  cent — is  small  compared 
with  the  costs  due  to  high-tension  distribution,  transforma- 
tion, low-teoijon  distribution,  and,  above  all,  scr\'iccs, 
wirr  ^.  and  apparatus. 

O.  : ion  of  testing  at  unity  power  factor,  I  have 

been  sc\iriciy  taken  to  task.  In  order  really  to  explain 
what  I  mean  it  would  be  necessary  to  slate  actual  figures. 
We  have  measured  the  losses  due  to  a  decrease  of  the 
power  factor  in  the  case  of  a  large  set,  and  it  was  found 
that  if  these  losses  were  estimated  instead  of  measured  the 
errors  thereby  introduced  are  not  large  compared  with 
the  errors  that  may  occur  if  meters  are  used  at  low  power 
factors.  The  only  published  figures  to  which  1  can  refer 
on  this  point  are  !  think,  >omc  given  by  Me>srs.  Escher, 
Wyss  &  Co..  A  a  2  per  cent  increase  in  the  steam 

consumption   .  ,     Acr  factor  as  compared  with  unity 

power  factor.  Nobody  would  expect  an  alternator  effi- 
ciency of  much  over  95  per  cent.  As  at  least  3  out  of  the 
remaining  5  per  cent  is  due  to  what  we  may  call  extraneous 
causes,  3  f>er  cent  is  left  for  iron  and  copper  losses.  If  to 
tlial  3  per  cent  has  to  be  added  con-idcrable  losses  due  to 
running  at  a  low  power  fai.'  - <.-riiator  will  soon  gel 

hot.     My  whole  p>oint  is,  ol  >.  .t  it  is  better  to  quole 

thc  steam  consumptions  in  the  contract  on  a  common 
basis  of  unity  power  factor. 

I  would  also  point  out  that  in  the  paper  I  have  credited 
to  the  larger  undertakings  a  clear  knowledge  of  the  trend 
of  events  which  i»  shaping  present-day  policy. 

The  I  ■  ich  Mr.  Fcarce  and  Mr.  Watson  have  in 

mindaie  intary  rather  than  contradictory  to  those 

•  Joarmal  /.£.£.,  vul.  3}.  p.  t,,.),  |<>04. 

*  Sc«  also  mjr  trfts  lu  Mr  S(<>oer,  pi£c  IJJ. 


at   tiic  pi  I 

than  I  lb.  .  :  ,  .    

is  proltably  nearer,  say,  £5,000,  at  any  rate  a»  regards  a 
bonus. 

As  regards  measurements  inside  the  coadca«er.  I  have 
I,.'  ,.■■■■.,■ 

1 

iUai  ut  (iic  liiuuciu  ail   ,  .be 

1!  iow  if   Mr.  Hcarcc  get^  :   to 

agree  to  these  ineasuremeiits.  The  question  ot  condenser 
losses  was  widely  dealt  with  in  Mr.  Scancs'  paper  before 
the  South  Wales  Institute  of  Engineers,'  and  the  discustioo 
thereon. 

Mr.  Pe;u'ce's  remarks  about  continuous-current  inttm* 
ments  and   shunts   largely   C' 
subject  has  been  de.ilt  with  ■!: 
Locil  Sections.     I  II. 
of  my  rem.irks  in  n-. 

3-pliasc  meters.     These  were  based  on  the  .  c  of 

many  cases.  Any  question  of  absolute  accw. ..v.  .-wiogs 
to  the, standardizing  institution. 

With  reference  to  air  leakage,  Mr.  I'carce  agrees   tliat 
I    part  per   1.000  is  an   adequate   allowance.     The   Urge- 
capacity  n  vcn 
when   niii^                                                                                     :   (^ 
the  condenser  lor  air  c< 
the  value  of  K,  I  dealt  wii                          , 
We  are  indebted  to  Mr.  Pearce  for  the  put 
relating  to  cooUng  towers,  and  on  that  subjcvi  ;;..  ;..iaiiii.f; 
might  be  made  clearer.     It  is  granted  that  nolnxlv  would 
.;  towers  if  they  could  get  an  ..                         :vo< 
^                   .   water,  but  is  not  the  case  r.r 

Mcs  are  : 
I  .Lids  toa  ■ 

the  luture  power  stations  will  Lirgciy  ii  ;d.     It  is 

a  problem  even  now  to   supply  the   j--, .i    t' c--.^- 

inland  centres  with  water  for  domestic  and  man., 
purposes.     The  addition  of  a  Urge  electnc  supjM»  :...i.i^ 
the    question    much    more    acute.      Hence    the     present 
tendency  towards  using  the  sewage  efiiuent  for  coodensiag 

*  I'fWtrJimgi    ,y    tkt    SMtIk     H'jIo    ImOUmU     ./    Imtimtm,  vai.  pa, 
p.  J7.  i>*U 
«   t'aiJc  ijo 
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purposes,  that  is,  of  using  the  water  brought  into  the 
district  over  again.  The  amount  available  is  about  35 
gallons  per  head  per  daj-.  With  our  big  stations  vi^e  may 
use  say  20  lb.  of  steam  per  unit  sold.  A  good  sales  figure 
for  the  present  time  is  1/3  unit  per  head  of  population  per 
dav.  Hence  if  tlie  circulating  water  amounts  to  70  times 
the  feed  water,  the  water  required  is  now  46  gallons  per 
head  per  dav,  which  will  use  up  all  the  sewage  effluent  and 
more.  Figures  published  '■'■  show  that  if  the  "  all-electric  " 
era  comes  to  pass  we  may  use  as  much  as  three  units  per 
head  per  day,  or  nine  times  as  much.  The  sewage  effluent 
will  then  give  a  considerable  margin  over  the  make-up 
water  required  for  the  cooling  towers.  Hence  the  sugges- 
tion that  engineers  will  pay  more  and  more  attention  to 
this  apparatus. 

I  should  have  liked  to  have  said  something  more  in  the 
paper  on  the  subject  of  cooling  towers.  I  was  asked  why 
I  made  a  difference  between  steel  and  wood.  It  is  because 
I  think  the  arrangements  are  so  different  that  the}'  must 
be  expected  to  give  different  results.  I  have  no  personal 
experience  with  steel  towers,  but  from  figures  handed  to 
me  it  would  seem  that  greater  cooling  takes  place  with  the 
steel  tower  for  the  same  loading.  At  the  same  time  there 
are  other  questions  such  as  upkeep  which  make  the  whole 
a  commercial  question  and  not  merel}-  one  of  efficiency. 

Mr.  Wilson's  remarks  deal  with  the  question  of  the  higher 
and  lower  calorific  values  of  coal.  In  fixing  a  standard 
the  difficulty  often  arises  :  are  we  to  have  a  physical 
standard  or  are  we  to  have  something  connected  with  the 
apparatus  ?  Turbine  designers  have  got  over  the  difficulty 
verv  neatly  by  adopting  two  terms,  "efficiency"  and 
"  efficiency  ratio."  When  they  want  to  produce  a  psycho- 
logical effect  upon  the  buyer  b}'  showing  a  big  figure,  they 
always  quote  the  efficiency  ratio.  The  efficiency  of  tur- 
bines on  what  is  known  as  the  thermodynamic  scale 
(always  used  for  gas  engines)  at  a  very  high  limit  may  yet 
approach  30  per  cent.  Referring  to  the  efficiency  ratio,  we 
now  hear  of  figures  nearly  up  to  80  per  cent.  For  my  own 
part  I  suggest  that  the  standard  ought  to  represent  physical 
facts  and  have  no  relation  whatever  to  the  apparatus.  The 
efficiency  ratio  has  its  place  very  properly  in  the  theoretical 
analj-sis  of  .the  results,  where  it  is  of  great  value. 

Mr.  Wilson  also  referred  to  the  nature  of  coal ;  it  is 
impossible,  however,  in  one  paper  to  discuss  in  detail  the 
various  subjects  touched  upon.  There  is  a  comprehensive 
book  -I"  on  the  nature  of  coal  which  still  fails  to  explain  "  all 
the  facts."  I  must  be  content  therefore  with  the  judgment 
passed  on  mj'  few  inadequate  remarks  on  the  efficiency  of 
boilers.  It  is  often  the  bituminous  coal  which  gives 
trouble,  and  in  this  connection  I  agree  that  efficiency  does 
not  always  depend  upon  the  calorific  value  but  is  also 
dependent  upon  the  nature  of  the  coal. 

In  reply  to  the  criticisms  of  Mr.  Frith  and  Mr.  Cramp, 
the  curves  represent,  of  course,  the  limits  above  which 
efficiencies  should  not  be  expected.  It  was  not  my  inten- 
tion to  suggest  that  there  was  accuracy  to  the  limit  of 
I  per  cent,  but  that  it  should  be  an  ideal  to  be  aimed  at. 
An  ideal  attained  ceases  to  be  an  ideal.  It  was  only  in 
connection  with  turbine  testing  that  that  figure  was  men- 
tioned.    I  should  not  like  even  to  lay  down  a  margin  for 

*  \V.  A.  GiLLOTT.  Electric  cooking  and  heating  in  private  houses. 
journal  I.E.E.,  vol.  53,  p.  42,  1915. 

f  V.  B.  Lewes.    "The  carbonization  of  coal." 


boiler  testing.     My  object  was  to  give  some  figures  which  Mr. 
members  may  refer  to  in  order  to  appreciate  the  conditions 
necessary  to  obtain   the  high  figures  which  are   sometimes 
put  forward. 

Mr.  Soaton's  and  Mr.  Peck's  remarks  were  very  much  to 
the  point.  It  is  good  to  hear  that  there  are  firms  in  this 
country  who  will  be  glad  to  have  their  plant  tested  in  such  a 
way  that  the  result  may  be  brought  home  to  all  concerned. 

In  part  answer  to  Mr.  Watson's  remarks,  the  question  of 
obsolescence  I  anticipated  would  raise  discussion,  and  it  is 
evident  that  everybody  is  not  so  confident  as  I  am  of  the 
great  future  before  electricity  supply.  I  think  it  will  not 
be  many  years  before  a  5,000  kw.  set  will  be  considered 
to  be  quite  small.  To-day  the  Detroit  Company  are  using 
boilers  of  100,000  lb.  per  hour  duty,  and  there  are  also 
some  of  these  boilers  in  London.  A  35,000  kw.  turbo- 
alternator  is  also  being  built. 

As  to  the  question  of  high  draught,  I  do  not  say  it  is 
necessary  in  order  to  obtain  a  high  efficiency,  but  I  can 
see  tendencies  which  maj'  force  it  upon  us.  I  am  not 
advocating  it  here,  but  I  think  it  will  come.  There  will 
always  be  times  even  in  a  station  which  has  a  50  per  cent 
load  factor  when  the  engineers  will  be  at  some  trouble  to 
maintain  the  normal  steam  pressure,  and  it  will  be  for  those 
emergencies  that  tlie  high  draught  will  be  utilized.  The 
tendency  is  all  towards  being  able  quickly  to  rush  a  boiler 
up  to  full  steam. 

Mr.  Watson  commented  on  how  I  took  the  COj  sample, 
and  Mr.  Frith  criticized  the  diagram.  It  is  not  intended 
to  be  a  working  drawing ;  it  is  only  suggested  that  a 
sample  should  not  be  taken  at  a  single  point. 

As  regards  the  question  of  nozzles  for  fans,  again  one 
has  to  draw  a  broad  line  between  what  can  be  done  and 
what  is  done,  and  that  is  what  is  hinted  at  in  the  paper. 
The  question  belongs  to  the  domain  of  works  testing. 

It  has  been  suggested  that  I  have  dealt  with  only  one 
type  of  boiler.  There  is  some  justification  for  that.  A  lot 
of  good  engineering  is  being  done  in  power  stations  and 
it  is  gradually  leading  to  a  more  or  less  standard  scheme. 
It  is  that  which  I  had  in  mind — the  large  water-tube  boiler 
with  the  chain-grate  stoker  ;  it  did  not  occur  to  me  to 
mention  other  types  of  boilers  when  writing  the  paper, 
which  only  relates  to  steam-driven  power  stations.  I  think 
that  Lancashire  boilers  would  not  now  be  installed  in  a 
new  power  station. 

The  nozzles  for  testing  air  pumps  are,  I  beheve,  due  to 
Professor  Leblanc.  They  can  be  made  with  reasonable 
accuracy  and  are  not  at  all  difficult  to  calibrate.  Very 
high  accuracy  is  not  so  necessary  when  trying  to  get  the 
capacity  of  an  air  pump.  The  paper  clearly  states  that 
these  very  careful  measurements  are  proposed  in  con- 
nection with  the  penalty  and  bonus  clauses,  which,  of 
course,  so  far  apply  only  to  steam  turbines. 

In  reply  to  the  other  points  raised  by  Mr.  Cramp  and 
Mr.  Frith,  "  CO^  by  Orsat "  signifies  the  percentage  of 
COj  in  the  gases  when  the  steam  therein  has  been  con- 
densed, which  is  of  course  different  from  the  actual  per- 
centage in  the  flue.  Mr.  Wilson  answered  Mr.  Cramp's 
query  as  to  the  reason  for  including  "  elementary  "  know- 
ledge. The  variation  in  turbine  efficiency  from  start  to 
finish  is  greater  than  that  caused  by  the  step  from  recipro- 
cating to  rotary  machinery,  as  is  also  the  variation  in 
maximum  size  and  capital  cost  which  is  at  present  rapidly 
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I  ol    30    ; 

li-       .    -     -.  If  -  ' 

had  lu  be  dealt  with,  1    wou 

a  test  o(  the  above  length,  w..iv..i    «•....  1    ^  .t 

kiiowlcdfte  o(    the    way  the   coal    behaved    uti 


hala  ,  hitle  out  the  cHcct  on  tlie  curves  would  be 

nejj.  .  .    reaM>D!>  pointed  out  by  Mr.  Bisacrc. 

M  |M>ints  have  been  replied  to  in  the  discussions 

at  i  :  cs. 

In  Mr.  McKinnon.  I  should  not  tike  it  to  remain 

on  r  I  o  omitted   because  !  i 

wa-  .     .        .lice.     It  was  ratliei  .  1 

the  w  'I   the  subject  covered  by  the  title   that  the 

iiui'.i  be  limited  to  steam-driven  power  stations. 

As  the>«  are  fast  becoming  all  high-tension,  3-phase,  the 
question  ol  the  battery  belongs  more  properly  to  trans- 
formation and  distribution  tlian  to  generation.  The 
reni.i  i     however,    as    emphasizing    what 

Mr.   '  .  .  .ibout   the  need  ol   ventilating  the 

wtu  I  plant  testing. 

Ill  ..      i     .     K-,   1  may  say  that  he  touches  on  a 

point  whicii  1  nad  in  mind  in  a5suming  an  8-years'  equated 
life  for  a  pre>ent-day  turbo-alternator.  It  did  not  of 
course  mean  that  its  life  would  come  to  a  sudden  end  in 
eight  ye.r  '  ■  "'-at  towards  the  end  of  that  time  it  would 
become  plant,  the  efficiency   of    which   would 

liicn  o  impKjrtance.     Complete  sets 

■lurl  and  air  pump)  can  now  be 

"  '    ■  cr  cent  to  too  per  cent  of  full 

K'li  i  the  most  economical  point)  the 

consumption  is  practically  constant.  By  the  too  per  cent 
load  is  meant  the  maximum  continuous  rating.  The 
amount  ol  air  carried  into  the  boilers  depends  on  the 
plant  between  the  air  pump  and  the  feed  pump,  but  in  any 
case  It  IS  not  a  very  large  proportion  of  the  total  air  leakage 
«  '.  iir    pump   mu-'  to  deal.     It  is 

.1  .  ■     .  ,    it  as  low  as  )  r  other  reasons. 

His  remarks  on  thort-circuit  tests  arc  of  considerable 
interest. 

In  reply  to  Mr.  Schuster,  the  atmospheric  temperature  of 
60°  F.  and  the  "  higher  "  calorific  value  have  been  used  for 
Figs.  I  to  V  Regarding  the  method  of  testing  coal  which 
he  1 1  -  .Me  for  the 

caM.    :  viit  kind  of 


recoiding    instruments.      1    am   speaking   now  ot    testing 

coal   for    its    general    suitability  and    evaporati\*e   power. 

If  samples  ui    coals   give  nearly  similar  results    the  coa- 

tract    would     probably    be      i   •  d     by    p:  ' 

calorilic    value    rather   than  tests.     A 

the    : 

ing  I.. 

a  staiiiiuid   Liai.>:iictcrr  and    a 

the  aneroid,  the  barometer  s!.. 

to.     The  absolute  gauge  is  the    l>est    thing  to  iMve  6jwd 

in   a   station,   but    1    would   never  depend  on   it   for  an 

acceptance  test.     In  respect   to  the  remarks  made  on  the 

heat  per  lb.   of  into  the    .        " 

the  paragr.iph  :  las  not   I 

In  reply  to  the  l.v.iiU^^.. 

measurciiiciit    iiiifjht   Ih: 

2  per  cent,  and  since  space   would  not   permii  01  going 

fully  into  the  subject  I  propose  to  leave  it    1-  ;'-  •: 

In  reply  to  M:'.  Jepson  I  am  aware  of  the  . 
points  of  the  Aron  meter,  but,  from  what  wa- 
discu>>ioii  at  the    Newcastle   meeting.  th<. 
the  Ni.rt!  .'.  points,  a- 

•.hunt".    K  .  '    future 

incter>.       I'iic 
question  of   le.. 
trouble   to   be  one   ol 

integrating  Co: -   ..^„ s.     Wilh    . 

instruments  the  question  is  of  not  so  mnch  im 
A    '    ■  -         r.li  will   II!  -  '  .   ;  , 

from  s!;  A'.G. 


variation  in  (be  total  rt-  :   less  tha:. 

tcmcKrraiure  coefHcicnt  oi  ....  ...  :.umeni,  w...v< 

can   be  allowed   for,   is  also    >mall,  and    the    . 
i  .khidi  the  long  lea'  os-^ble  ena; 

L  to  be  kept  al  a   . 
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Introductory. 

As  the  result  of  discussion  by  the  Research  Committee  of 
representations  made  to  it  in  regard  to  the  necessity  for 
research  into  certain  properties  of  switch  and  transformer 
oils,  and  also  in  regard  to  the  desirability  of  standardizing 
the  tests  on  these  oils,  a  Sub-committee  has  been  appointed 
to  formulate  a  scheme  for  dealing  with  these  questions. 

At  its  first  meeting,  held  on  8  July,  1913,  it  was  decided 
to  issue  circul.ar  letters  to  a  number  of  manufacturing  firms 
and  colleges  asking  for  their  co-operation  in  the  aims  of 
the  research.  The  replies  included  a  large  amount  of 
hitherto  unpublished  matter,  and,  with  the  answers  and 
comments  upon  an  amended  set  of  questions  (published 
in  the  'Journal,  vol.  52,  p.  48,  IQ14,  and  reprinted  here 
for  convenience  of  reference),  have  been  considered  to 
be  of  such  value  that  their  dissemination  as  an  interim 
report  would  be  not  onl}'  of  wide  interest,  but  also  of 
assistance  to  those  who  have  promised  further  co-opera- 
tion. It  will,  it  is  hoped,  stimulate  those  who  have  had 
occasion  to  consider  this  subject  to  assist  by  supplying 
information  and  to  co-operate  in  the  research. 

The  Sub-committee  has  therefore  invited  Mr.  W.  Pollard 
Digby  to  prepare  the  following  report,  in  which  the  replies 
have  been  grouped  as  far  as  possible  under  the  headings 
indicated  in  the  list  of  questions  referred  to  above. 

The  remarks  of  individual  contributors  are  to  a  large 
extent  identified  by  the  name  of  each,  because  it  is  felt 
that  the  fullest  personal  recognition  is  desirable  of  infor- 
mation supplied.  Names  are  also  given  because  in  some 
cases  different  contributors  are  not  in  agreement,  and  in 
other  cases  because  Mr.  Digby  considers  that  the  industry 
as  a  whole  is  not  yet  prepared  to  accept  as  final  some  of 
the  replies  given  to  certain  questions. 

QUESTIONS. 
Insulating  Oils. 

Section  A. — Chemical. 

1.  In   any   given   transformer   oil    what    is   the    relation 

between  temperature  and  tendency  to  sludge  forma- 
tion in  any  oil  exposed  to  the  atmosphere  ? 

2.  Under  abnormal  conditions  of  specially  high  tempera- 

ture in  the  laboratorv  what,  for  any  given  tempera- 
ture, is  the  time  required  for  the  manifestation  of 
sludge  ? 

3.  What  laboratory  tests  can  be  devised  to  determine  the 

amount  of  sludge  produced  under  abnormal  condi- 
tions of  specially  high  temperature  ? 
4  Whether  the  tendency  to  form  sludge  occasioned  by 
high  temperature  and  dry  air  or  o.xygen  at  one 
point  can  be  neutralized  by  artificial  cooling  at 
another  at  any  defined  working  temperatures  ? 

5.  Whether  the  tendency  to  form  sludge  can  be  neutra- 

lized by  keeping  the  surface  of  the  oil  in   contact 
with    an    inert    gas    such    as   nitrogen   or    carbon 
dioxide  ? 
Physical. 

6.  Under  normal  working  conditions  what  period  elapses 

before  the  tendency  to  sludge  formation  is  mani- 
fested in  high-tension  transformers  ? 


7.  W'liat  changes  in  viscosity,  specific  gravity,  flaSh-point, 

relative  thermal  transference,  dielectric  strength, 
and  specific  resistance,  accompany  the  formation  of 
sludge  ? 

8.  How  are  the  electrical  properties  of  the  oils  and   the 

formation  of  sludge  affected  by  the  circulation  of 
air  over  their  surfaces  ? 

9.  What  is  the  temperature  to  which  different  oils  can  be 

raised  repeatedly  without  appreciable  change  in 
their  physical  properties  ? 

Chemical  and  Physical. 

10.  How  do  oils  of  different  specific  gravities  and  viscosi- 

ties compare  as  to  their  liability  to  form  sludge  at 
temperatures  of,  say,  60,  70,  75,  80,  85,  and  90  per 
cent  of  their  initial  flash-point  ? 

Section  B. — Chemical. 

11.  What  is  the  amount  of  moisture  which,  can  be  absorbed 

from  the  atmosphere  by  a  dry  oil  at  various  tempera- 
tures, and  how  should  such  increment  of  moisture 
be  determined  ? 

12.  What  chemical  or   physical   standard   should   be  laid 

down  as  constituting  a  dry  oil,  and  what  changes 
in  specific  resistance  and  dielectric  strength  accom- 
pany increments  in  moisture  ? 

Section  C. — Chemical. 

13.  Did   the   usually  accepted  tests  for   the   detection   of 

acid,  alkali,  sulphur,  resin,  or  resinoid  materials  lead 
to  comparable  results  ? 

Physical. 

14.  In  determining  dielectric  strength  and  insulation  .resist- 

ance what  apparatus  should  be  employed,  how  are 
different  methods  comparable,  and  what  standard 
conditions,  such  as  shape  of  electrodes,  intervening 
distance,  depth  of  immersion,  movement,  if  any,  of 
oil,  etc.,  should  be  adopted  ? 

Section  D. — Physical. 

15.  Whether   any   practical   means  are  in   vogue   for  the 

laboratory  estimation  of  the  relative  thermal 
transference  in  switch  and  transformer  oils,  what 
standard  apparatus  should  be  employed  for  such 
a  purpose,  and  by  what  means  should  this  property 
be  expressed  ? 

16.  Is  it  at  present  possible  to  express  the  relative  thermal 

transference  of  any  oil  at,  say,  50°,  60°,  65°,  70°,  and 
75°  C.  as  a  function  of  its  specific  gravity  and  vis- 
cosity at  these  temperatures  ? 

Section  E. — Chemical. 

17.  What  is  the  chemical  composition  of  the  gases  (known 

to  be  highly  explosive)  which  are  liberated  by  an 
arc,  and  does  their  composition  vary  with  different 
mineral  oils  ? 

Chemical  and  Physical. 

18.  Whether,  and  if  so   to    what   extent,    the   amount   of 

carbon  produced  by  an  arc  under  any  given  oil 
varies  with  the  temperature  of  that  oil,  or  whether 
the  temperature  being  kept  constant,  the  amount  of 
carbon  produced  varies  with  the  specific  gravity  or 
viscosity  of  the  oil,  and  if  so,  to  what  extent  ? 
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Aiiibcr 
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LiRht  amber 
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While 

White 

Prune 
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Light  amber 

Orange 

White 
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Light  amber 
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White 

Light  amber 
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1 
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\, ..;■.> 
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554 
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3 

0-855 
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4 
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9 
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16 
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150 

3«i4 
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\l 

oli 

367 

350 

13,400 

.42 

306 

12.200 

now  be/ore  the  manufacturers  and  users  of  oil  for  insulat- 
ing purposes."  This  subject  has  also  been  exhaustively 
treated  in  Dr.  Michie's  paper  f  read  before  the  Institution 
in  Ufi}. 

Messrs.  Ferranti,  Ltd.,  have  estimated  the  comparative 
liability  of  oiU  to  form  sludge  by  a  "  short  duration  "  test 
Ml  whuh  •./one  is  employed  as  an  oxidizing  agent  instead 

'I  0/  sludge  test. — 250  cubic  cm.  of  the  oil  to 
be  tested  are  placed  in  a  long-necked  Mask  of  500  cubic 
cm.  capacity.  The  neck  of  the  flask  is  closed  by  a  stopper 
carrying  two  glass  tubes,  one  of  which  reaches  to  the 
IhiII.'MI  of  the  Hask  and  the  other  is  short  and  connected 
wii.'i  .1  suction  pump  working  at  the  rate  of  two  strokes 
per  second.  By  this  means  ozone  is  drawn  through  the 
oil.     The  flask  is  kept  at  a  constant  temi°>cratuic  of  jSo'  F. 

•  In  tlic  tliwuuion  .>n  "  TTm:  plivsical  pri'pertic*  o<  (witch  and 
tranWurnx-r  ■  AV.  P.  biGBY  ami  U.  R  UKU.1S),  Jcmrmal  /X£., 
»o>.  4$. 

t  A.  I-  Tlw  lumuttoo  u(  dcptxila   io  oU<uulc<l  traa*- 

ionocn.    y.w:.iil.B.E.,vol  51,  p  115,191]. 
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SWITCH   AND   TRANSFORMER   OILS. 


The  following  are  chemical  analyses  of  oil  similar  to 
No.  4  and  of  sludge  formed  by  oil  similar  to  No.  i  : — 

Oil  similar  io  No.  4. 
Saponifiable  oil  and  rosin  ...     Absent 

Free  fat  acid  neutral  reaction     ...     O'oo5  per  cent 
Mineral  matter  and  metallic  salts      Absent 
Suspended  matter  ...         ...     Absent 

This  oil  conformed  with  the  usual  chemical  characteristics 
of  a  mineral  transformer  oil. 

Sludge  from  oil  similar  to  No.  i. — This  analysis  proved  to 
he  tedious  on  account  of  the  difficult)'  in  obtaining  clear 
filtration  under  ti-eatment  with  various  solvents.  In  order 
to  diminish  undue  solubility  of  the  sludge  in  the  oil 
present  and  in  the  solvent  for  the  removal  of  the  latter,  the 
sludge  was  freed  from  oil  as  far  as  possible  by  drying  it  on 
a  porous  plate  out  of  contact  with  air,  and  then  submitting 
it  to  examination,  the  results  of  which  are  as  follows  : — 


As  received 

Oil-free  Sludge 

Oil        

Organic     acids    soluble     in 

88725 

— 

petroleum  spirit 

Organic    acids     soluble     in 

0260 

2-31 

ether— 

(i)  Free 

(2)  Combined 

0-853 
2-362 

7-56 
20-96 

Neutral    unsaponi  f  iable 

solid — 

(i)  Soluble  in  ether 

(2)  Soluble  in  benzol  ... 

4787 
I -296 

42-46 
11-50 

Insoluble  in  benzol  (carbon) 
Basic  solid  soluble  in  ether 

o'373 
1-183 

3-31 
10-51 

Copper  oxide            

Ferric  oxide 

O'o6o 
0-007 

0-S3 
0-06 

Other  mineral  matter 

o-o88 

0-78 

99-994 

99-98 

Further  examination  of  the  fractions  elicited  the  follow- 
ing information  : — 

Organic  acids  soluble  in  ether. — The  molecular  weight  of 
the  mixture  of  these  was  found  to  be  291,  and  they  proved 
to  be  saturated  acids  of  the  paraffin  series  formed  of  brown 
needle-shaped  crystals. 

Neutral  unsaponifiable  solids. — These  were  dark  brown, 
brittle,  scaly  powders,  the  soluble  part  being  the  darker, 
and  both  being  derivatives  of  the  paraffin  series.  The  basic 
solid  was  light  brown  in  colour,  translucent,  and  non- 
crystalline, and  consisted  of   bases  of  the  paraffin  series. 

In  the  opinion  of  Messrs.  Ferranti,  all  the  products  found 
are  \.he  result  of  oxidization,  with  the  formation  of  complex 
organic  acids,  dehydrogenated  hydrocarbons,  and  oxidized 
resinous  asphaltones  of  the  mineral  oil  originally  used  ; 
whether  the  copper  and  iron  are  present  as  oxides,  or 
partly  as  metal  and  partly  as  oxides,  Messrs.  Ferranti  are 
unable  to  say  definitely,  but  they  do  state  that  part  of  the 
copper  was  present  as  organic  acid  compounds  and  that 
traces  were  in  the  metallic  state. 

With  reference  to  these  instructive  figures  and  com- 
ments, the  author  notes  that  the  volume  of  ozone  employed 
is  not  stated.     The  correlation  of  these  figures  with  those 


obtained  by  Dr.  Michie's  method  is  therefore  very  difficult. 
The  method  employed  by  Messrs.  Ferranti  is  undoubtedly 
one  available  for  rapid  works  tests  of  a  comparative  nature. 
It  must,  however,  be  remembered  that  although  the  oils 
described  had  initial  flasli-points  varying  from  278°  F.  to 
400°  F.,  they  were  all  tested  at  a  common  temperature  of 
280"  F.  without  reference  to  this  variation.  The  relation 
of  test  temperature  to  flash-point  is  of  considerable 
practical  importance.  In  Dr.  Michie's  tests  the  tempera- 
ture was  150-0.  (302°  F.);  whereas  Messrs.  Ferranti  use 
280°  F.  It  is  desirable  that  similar  experiments  should  be 
made  on  a  series  of  oils  in  which  the  test  temperature 
is  varied  as  in  Question  10,  when  the  time  and  the  air 
(or  ozone)  volume  remain  constant. 

The  Victoria  Falls  &  Transvaal  Power  Company  define 
as  follows  what  they  understand  by  "  transformer  oil  " 
and  "sludging"  : — 

"We  assume  in  these  questions  and  in  the  answers  to 
them  that  a  transformer  oil  is  a  pure  hydrocarbon  oil, 
free  from  any  animal  or  vegetable  oil  (such  as  the  so- 
called  '  fixed  '  oils  consisting  of  compounds  of  fatty  acids 
with  glycerol  or  with  other  alcohols  of  high  molecular 
weight),  free  also  from  additions  of  any  substance  (such  as 
resin,  soap,  etc.),  which  would  modify  its  composition  and 
properties,  and  that  it  is  in  a  more  or  less  refined  state, 
i.e.  it  may  or  may  not  contain  impurities  indigenous  to 
the  crude  oil  which  may  or  may  not  affect  its  properties  as 
a  transformer  oil. 

"We  mean  by  'sludging'  the  thickening  of  the  oil 
itself  or  the  formation  of  deposits  by  alterations  in  the 
chemical  constitution  of  the  oil,  and  not  mechanical 
sludging  caused  by  dust,  either  dry  or  wet,  permeating 
the  oil  from  the  atmosphere,  neither  do  we  mean  thicken- 
ing of  the  oil  caused  by  the  solution  of  insulating  varnishes 
or  cements  used  in  the  construction  of  the  transformer." 

The  Victoria  Falls  &  Transvaal  Power  Company  then 
proceed  to  discuss  Questions  i  to  10,  and  submit  the 
following  answers  : — 

"Answer  io  Question  1. — Other  conditions  being  the 
same,  the  tendency  to  sludge  formation  is  accelerated  by 
an  increase  of  temperature.  Sludging  is,  we  believe,  a 
purely  chemical  reaction  between  certain  unsaturated 
hydrocarbons  present  in  the  oil  and  the  oxygen  of  the 
atmosphere.  An  oil  kept  at  an  elevated  temperature 
(say  up  to  150°  C.)  and  in  the  dark,  will,  we  believe,  show 
no  tendency  to  sludge  formation  provided  it  is  quite 
dry  and  out  of  contact  with  air.  Our  experience  is  that 
in  transformers  which  are  designed  with  tight  covers 
and  where  the  surface  of  the  oil  exposed  to  the  atmo- 
sphere is  a  minimum,  the  oil  sludges  much  less  than  in 
transformers  running  under  the  same  conditions  at  the 
same  temperature,  but  having  a  large  surface  of  oil  exposed 
to  the  atmosphere. 

"Answer  to  Question  2.— Everything  depends  upon  the 
degree  of  refinement  of  the  oil  and  upon  the  conditions 
of  the  experiment.  If  it  be  true  that  oxygen  is  essential 
to  sludge  formation  with  any  given  oil,  then,  if  the  tem- 
perature be  constant,  the  greater  the  surface  exposed  to 
the  atmosphere  the  sooner  will  the  formation  of  sludge 
be  manifested.  If  the  air  be  replaced  by  oxygen,  or  if 
the  gas  be  bubbled  through  the  oil,  then  sludge  formation 
will  be  greatly  accelerated  (see  also  the  Answer  to  Ques- 
tion 5). 
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compound  of  oxygen  and  some  constituent  of  the  oil, 
and  no  as  yet  known  process  could  remove  the  oxygen 
without  entaihng  the  decomposition  of  the  hydrocarl>on. 
Cooling  the  transformer  oil  outitidc  the  trunsfonncr  will 
tend  to  c.iuse  the  deposit  to  settle  in  the  cooler,  und  this 
nu  t   be  of  temporary  advantage,  but   the  cooler 

Wi  i:c  frequent  cleaning  to  maintain  itN  eliiciency. 

"Anruer  to  Qutstion  5. — If  the  sludge  that  forms  in 
transformers  is  due  to  the  oxidation  of  certain  constituents 
L I  t  L  1.  as  we  think  has  now  been  proved  by  the  work  of 
Iiuck  .till,  Ur.  Michie,  and  others,  then  by  keeping  the 
surt.i^c  of  the  oil  in  contact  with  an  inert  gas  the  formation 
o;  -  ■; 'calmest  entirely  prevented.   There  would 

be  .  :y,  perhaps,    in    arranging    this    with   a 
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•■.4«i:.  [f  to  ^>uo/k«i  6. — It  is  impossible  to  state  any 
period  l>ciore  the  tendency  to  sludging  is  manifested  un- 
less all  the  conditions  are  known,  eg.  the  type  of  trans- 
former, whether  it  is  designed  so  that  the  oil  has  a  limited 
surface  in  contact  with  the  atmosphere,  whether  the  amount 
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in  an  oil  which  has  been  in  use  for  some  length  of  time,  the 
following  results  arc  to  be  expected  on  testing  : — 
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we  do  not  find  any  alteration.  Any  lowering  of  the«e 
constants  found  in  practice  will  usually  |>rove  to  be  due 
to  the  presence  of  moisture. 
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the  oil  surface  exposed  to  the  action  of  the  atmosphere  was 
extremely  small. 

■•  A'i>u(r  lo  (luotioH  8. — Provided  tliat  the  air  is  dr\.  wv 
think   th  .  I 

Suffc!     I  ■ 

ho\v 

moi-  i; 

carried  down  in  s..  .  od.     Tbls 

would  lower  the  «.lt ...  .v...  ,  .  ■  ,  ^,  ,.^  >  v,.^. 
'•  We   have   confirmed    Dr.   Michie  s   c\ 


ot    .. 

ciri. 

also  the  remarks  made  under  ^ai  and  (n  in  our  ansvcr  to 

Question  7.) 

••  Aiyiter  to  ^'no/ion  (>. — This  is  a  point  wl. 
been    thoroughly   investigated,   but   in    any   ci,^ »..> 
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made  the  conditions  of  the  experiment  must  be  carefully 
standardized. 

"  In  our  opinion  an  oil  repeatedly  heated  to  within  say 
<)o  per  cent  of  its  flasli-point  would  not  cliange  to  any 
appreciable  extent,  provided  that  oxygen  and  moisture  were 
carefully  excluded,  and  provided  also  that  any  volatile 
matter  which  is  given  off  was  condensed  and  allowed  to 
to  fall  haclc  into  the  oil,  which  should  be  well  mixed  again 
before  testing.  If  the  oil  were  heated  as  above  in  an  atmo- 
sphere of  a  dry  inert  gas,  but  with  no  special  provision  for 
retaining  the  volatile  vapours  given  off,  then  the  specific 
gravity,  viscosity,  and  flash  point  would  rise,  but  tlie  electri- 
cal properties  would  remain  unchanged.  If  the  oil  is  heated 
much  above  the  flash-point  with  or  without  access  of  air, 
tliere  is,  in  our  opinion,  some  danger  of  decomposition 
taking  place,  and  this  would  materially  alter  the  physical 
properties.  When  air  is  not  excluded,  the  oil  is  liable  to 
sludge  at  very  moderate  temperatures.  The  temperature 
at,  and  the  time  in,  which  this  sludging  would  be  appreci- 
able would  depend  upon  the  constitution  of  the  oil. 

"Some  interesting  results  will  be  found  on  pages  310-24 
of  Archbutt  and  Deeley's  book,  "Lubrication  and  Lubri- 
cants," 1912,  on  the  action  of  heat  on  various  oils  in  the 
presence  of  air.  In  our  opinion  these  results  should  form 
the  basis  of  further  series  of  experiments  upon  transformer 
.oils.  Although  the  oils  mentioned  are  lubricating  oils, 
yet  we  would  point  out  that  they  are  hydrocarbon  oils  and 
very  similar  to  transformer  oils  ;  in  fact  a  properly  refined 
turbine  oil  is  quite  suitable  for  a  transformer  oil.  It  will 
be  noticed  from  these  tests  how  oils  from  different  sources 
differ  in  the  results  obtained. 

"Answer  to  Question  10. — We  think  that  the  question  of 
sludging  does  not  depend  at  all  on  the  specific  gravity  or 
the  viscosity.  There  is  no  reason  why  an  oil  of  low 
specific  gravity  and  viscosity  should  sludge  more  or  less 
than  one  of  higher  specific  gravity  and  viscosity  if  they  are 
derived  from  the  same  crude  oil  and  are  refined  to  the 
same  extent.  It  will  be  noticed  that  we  state  that  the  oil 
shall  be  from  the  same  crude  stock.  Russian  oils,  for 
example,  usually  have  a  much  higher  viscosity  than 
.A.merican  oils  of  the  same  specific  gravity,  and  so  far  as 
our  experience  goes  the  Russian  oils  also  show  a  greater 
tendency  to  sludge." 

The  author  considers  the  foregoing  answers,  based  as 
they  are  on  an  almost  unique  experience,  to  be  of  such 
importance  that  they  are  quoted  in  extenso. 

Mr.  T.  C.  Thomsen,  of  the  Vacuum  Oil  Company,  writes 
as  follows  : — 

"Chemical. — (i)  With  the  best  grades  of  transformer  oils 
we  have  never  known  sludging  to  take  place  where  the 
maximum  temperature  of  the  oil  has  been  below  160°  F., 
but  other  oils  not  specially  treated  for  transformer 
service  have  been  known  to  produce  sludge  at  lower 
temperatures.  If  transformers  were  hermetically  sealed,  it 
is  probable  that  the  best  transformer  oils  would  work  for 
long  periods  at  higher  temperatures,  say  170°  to  180°  F. 

"  As  transformers  are  practically  always  open,  so  that  air, 
moisture,  dirt,  and  dust  have  a  comparatively  easy  access 
to  the  oil  tanks,  the  present-day  design  of  transformers 
lends  itself  towards  causing  trouble,  as  moisture  decreases 
the  insulating  value  of,  and  air,  dirt,  and  dust  have  an 
oxidizing  effect  upon,  the  oil.  Fine  particles  of  dust 
attract  to  their  surface  a  thin  laj'er  of  pure  o.xygen,  which, 


at  high  temperatures,  will  have  an  oxidizing  effect  on  the 
oil. 

"  In  the  lubrication  of  steam  turbines  the  oil,  mi.xed 
with  a  certain  small  amount  of  water,  air,  and  dirt)  circu- 
lates at  a  high  temperature  in  the  bearings  and  at  a  low 
temperature  in  the  oil  cooler.  If  the  temperature  exceeds 
140°  F.  we  have  found  that  with  some  oils  sludging  takes 
place  due  to  the  oxidizing  influence  of  the  impurities. 
As  transformer  oils  are  less  liable  to  oxidize  than  turbine 
oils,  the  danger  limit  is  undoubtedly  higher  than  140°  F., 
probably  in  the  neighbourhood  of  160°  F. 

"  As  regards  abnormal  conditions  of  specially  high 
temperature,  such  tests  have  been  suggested  by  Mr.  H.  D. 
Symons,  as  follows  : — 

(i)  Heat  for  six  hours  at  100°  C. 

(2)  Heat  for  one  hour  at  200°  C. 

(3)  Heat  for  six  hours  at  10  per  cent  above  flash-point. 

(4)  Heat  for  four  hours  at  200°  C. 

"  I  would  cite  a  special  cooking  test  to  which  all  our 
transformer  oils  are  subjected  at  our  refineries,  as  follows  ; — 

"  Heating  the  oil  for  one  hour  at  a  temperature  gradually 
rising  to  450°  F.  in  an  open  vessel.  The  effect  produced 
on  the  oil  in  these  tests  is  not  only  due  to  temperature,  but 
also  to  the  oxidizing  action  of  the  air  which  has  free  access 
to  its  surface. 

"(3)  In  my  opinion  'abnormal  conditions  of  specially 
high  temperature'  would  mean  temperatures  of  160°  to 
200°  F.,  and  if  it  is  proposed  to  devise  laboratory  tests  to 
determine  the  amount  of  sludge  a  certain  oil  would  produce 
under  these  conditions  in  actual  service,  I  would  recom- 
mend that  such  tests  be  carried  out  at  the  same  tempera- 
tures as  those  existing  during  actual  service.  Such  tests 
would  be  preferable  to  tests  carried  out  at  abnormal 
temperatures,  as  probably  certain  portions  of  the  oil 
will  decompose  in  these  circumstances,  and  it  would  then 
be  the  products  of  decomposition  which,  affected  by  the 
oxidizing  air,  produce  the  sludge. 

"  I  am  of  opinion  that  any  cooking  or  oxidizing  tests 
(either  with  air,  oxygen,  or  ozone)  carried  out  in  a  laboratory 
at  higher  temperatures  than  200°  F.  are  of  doubtful  value 
for  practical  purposes.  It  is  probable  that  under  such 
high-temperature  tests  some  oils  would  produce  sludge  in 
the  laboratory  and  yet  would  not  do  so  under  actual  working 
conditions. 

"  If  the  analysis  in  Dr.  Michie's  paper  of  transformer  oil 
deposit  containing  i&g  per  cent  of  o.xygen  in  combina- 
tion is  representative  of  the  chemical  composition  of  sludge 
which  has  been  found  on  occasions  in  transformers,  it 
seems  evident  that  the  formation  of  sludge  is  due  to 
oxidization. 

"  Examining  now  the  conditions  in  an  ordinary  open-type 
transformer,  since  oxidization  can  only  take  place  where 
the  oil  is  in  contact  with  the  air,  the  formation  of  sludge 
will  probably  be  directly  proportional  to  the  area  of  the 
surface  of  contact  and  probably  also  to  the  time  the  oil 
is  exposed  to  the  o.xidizing  influence.  Finally  sludge 
formation  will  probably  only  take  place  at  temperatures 
above  a  certain  critical  value,  which  depends  upon  the 
nature  of  the  oil  and  the  design  of  the  transformer. 

"  In  order  better  to  illustrate  the  kind  of  laboratory  tests 
which  I  would  prefer,  consider  a  transformer  containing, 
say,  1,000  gallons  of  oil,  having  a  free  oil  surface  of  20  sq.  ft. 
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"  Dr.  Michic  has  shown  in  )iis  paper  that  on  blowing*  the 
Mr  through  the  oil  in  which  copper  is  present,  this  metal 
has  a  catalytic  effect,  increasing  the  rate  of  oxidization 
about  four  times  what  it  would  have  been  had  the  copper 
Ken  .ib>cnt  under  the  conditions  existing  during  his  tc^t^. 
!■  •,  the  air  wen-  il  through  copper  j^au/i- 

.   mc*h,  and  wi..  ibed  by  Dr.  Michie,  the 

tot  Liii  in-i  >.iibic  cm.  of  oil  as  suggested  would  represent 
about  tour  yen  ^  actual  !«ervice. 

■•  I  consider  it  possible  that  the  use  of  oxygen  or  ozone, 
instead  of  air,  as  an  oxidizing  medium,  might  be  ptermitted 
in  order  to  quicken  the  rate  of  oxidization,  and  tests  could 
K-  carried  out  which  would  indicate  the  increase  in  the 
I. lie  til  be  expiclcd  lomparcd  with  air  alone. 

"Kig.  2  illuNtralc>  .  v  the  formation  of  kludge  at 

!•;<>'<-■   nnd    i  ;o f    ;  i.y  blowing  air  for  45  hours 

:  oils,  as  tested  by  Dr.  Michie.  If 
I  ut  at  more  than  two  temperatures 

it  would  he  possible  to  obtain  diagrams  which  would  illus- 
trate very  clearly  at  which  temperatures  siudge  formation 
would  commence  to  take  place.  This  point  I  consider  to 
\'.     '  .^tual  curves  arc  as 

1;  .:i  favour  of  labora- 

tcxy  lots  bciiig  iii.4dc  lit  coiisiiiciably  lower  temperatures 
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"y)  It  ^Juestion  4  infers  the  presence  of  a  circulating 
and  cooliiij^  svstcni,  I  believe  that  effective  cooling  and 
sufficientlv  rapid  circulation  will  certainly  minimize  or 
entirely  prevent  the  formation  of  sludge,  by  reason  of  the 
lower  and  more  uniform  oil  temperature. 

"  (5)  In  connection  herewith,  it  may  be  interesting  to 
quote  an  experiment  made  by  Mr.  F.  Baxter,  head  chemist 
to  the  Vacuum  Oil  Company  of  Rochester,  U.S.A. ; — 

"  Two  bottles  of  untreated  transformer  oil  were  exposed 
to  the  sun  :  one  was  hermetically  sealed,  and  the  other  had 
a  loose  cork  so  that  the  air  had  free  access  to  the  oil 
surface,  .\fter  a  few  days'  exposure  to  the  sun  a  deposit, 
which  darkened  in  colour,  appeared  in  the  oil  in  the 
unsealed  bottle,  but  the  oil  in  the  other  bottle  was  un- 
affected. This  experiment  shows  the  oxidizing  effect  of 
air  in  the  presence  of  sunlight. 

"(6)  Physical. — In  America  a  maximum  rise  of  35°  C.  in 
temperature  of  the  oil  in  a  transformer  above  the  tempera- 
ture of  the  room  represents  current  practice.  In  the  United 
Kingdom  40^  to  50° C,  and  on  the  Continent  6o°C.  isallovi^ed. 
The  highest  temperatures  occur  in  enclosed  engine-rooms, 
such  as  underground  sub-stations. 

"  An  important  change  has  taken  place  during  the 
last  few  years,  viz.  that  whereas  the  load  on  transformers 
used  to  be  mainly  due  to  lighting,  the  transformers  being 
allowed  to  cool  between  the  peak  loads,  a  considerable 
portion  of  the  load  is  now  accounted  for  by  motive  power, 
so  that  transformers  nowadays  frequently  get  no  rest 
during  the  24  hours,  the  temperature  being  kept  high 
continuously.  If  the  oil  sludges  it  is  probable  that  sludg- 
ing occurs  very  soon,  although  it  may  take  several  months 
before  it  is  noticed,  and  cases  have  been  known  where 
sludging  was  observed  with  some  oils  after  four  months'  to 
six  months'  use. 

"(7)  The  formation  of  sludge  indicates  that  the  oil  has 
broken  down,  and  its  decomposition  is  followed  by  in- 
creased viscosity  and  specific  gravit}'.  The  flash-point 
is  also  slightly  lowered,  as  is  the  thermal  transference 
on  account  of  the  increased  viscosity.  As  the  formation  of 
sludge  increases,  its  accumulation  in  the  oil  ducts  will 
retard  the  circulation  of  the  oil  and  decrease  the  flow  of 
heat  from  the  coils. 

"  (8)  The  electrical  properties  of  the  oil  are  affected  by 
the  moisture  absorbed  from  the  air.  If  the  air  is 
warmer  than  the  oil,  water  may  condense  directly  on 
the  oil  surface,  but  the  air  is  usually  lower,  or  at  least  not 
higher,  in  temperature  than  the  oil,  and  direct  condensation 
of  moisture  cannot  therefore  occur.  When  a  transformer 
is  cooling,  moisture  may  condense  on  the  inside  of  the 
casing  and  so  mix  with  the  oil  on  its  way  to  the  bottom. 
The  formation  of  sludge  is  probably  largely  or  almost 
entirely  due  10  the  oxidizing  effect  of  the  air. 

"(oi  The  alternate  raising  and  lowering  of  the  tempera- 
ture of  an  oil  occurs  in  turbine  lubrication,  and  for  the 
best  turbine  oils  140°  F.  is  the  maximum  temperature 
below  which  the  oil  does  not  change  appreciably  in 
physical  properties.  Above  140°  F.  the  specific  gravity 
and  viscosity  increase,  and  the  colour  darkens,  whilst  the 
cold  test,  flash-point,  and  fire-point  are  unchanged.  The 
percentage  of  petroleum  acids  increases.  It  must  here 
be  noted  that  the  oil  is  under  the  influence  of  water,  air, 
and  dirt,  in  varjang  quantities,  so  that  the  above  condi- 
tions are  not  exactlv  parallel  with  transformer  conditions. 


"  We  have  made  no  experiments  on  transformer  oils 
that  directly  answer  the  question,  but  some  of  them 
indicate  that  transformer  oils  properly  made  may  be 
heated  to  90  per  cent  of  their  initial  flash-point  for  a 
considerable  period  without  the  formation  of  sludge 
or  serious  discoloration. 

"(10)  Chemical  and  physical. — Provided  that  trans- 
former oils  have  been  properly  prepared,  we  see  no 
reason  why  an  oil  of  high  specific  gravity  should  cause 
sludge  sooner  or  in  greater  quantities  than  an  oil  of  low 
specific  gravity ;  we  rather  think  that  the  specific  gravity 
is  not  an  influencing  factor." 

The  author  suggests  that  to  a  certain  extent  it  is  possible 
that  modern  transformers  with  large  oil  surfaces  in  con- 
tact with  the  atmosphere  may  undergo  profound  modifi- 
cation in  character,  and  that  the  Continental  practice 
of  employing  closed  transformers  with  expansion  vessels 
having  only  a  small  surface  in  contact  with  the  air  is 
likely  to  be  widely  adopted  in  this  country.  Mr.  Thorn- 
sen's  method  so  far  as  it  goes  is  a  sound  one  if  low  test 
temperatures  are  accepted  in  the  laboratOr)'.  Definite 
areas  should  be  standardized  for  the  exposed  surface, 
and  for  the  copper  foil.  It  must  also  be  remembered  that 
with  the  ordinary  English  or  American  transformer  of 
the  type  in  which  air  is  in  contact  with  the  surface  of  the 
oil,  the  rate  of  circulation  of  the  oil  throughout  the  oil 
tank  may  vary  considerably  for  transformers  of  different 
makes  but  having  the  same  rated  output. 

The  author  also  suggests  that  the  Thomsen  test  should 
be  modified  so  that,  while  accepting  a  lower  test  tempera- 
ture than  is  used  by  Dr.  Michie  (taking  instead  60  per 
cent  of  the  flash-point  of  the  oil),  the  test  should  be  con- 
ducted in  a  no  cubic  cm.  flask  with  a  long  neck,  but 
containing  copper  foil  of  a  total  area  of  400  sq.  cm.  The 
oxidizing  effect  due  to  contact  with  the  atmosphere  will 
then  be  negligible,  but  there  should  be  a  suitable  rate  of 
air  flow — say  two  litres  per  hour — definitely  standardized. 

High  temperature  laboratory  tests  are  also  deprecated. 
Unless  the  working  temperatures  of  transformers  are 
raised  more  than  is  now  customary  in  England,  or  until 
it  is  possible  to  express  the  ratio  between  a  high  tempera- 
ture test  extending  over  some  hours  and  the  actual 
results  of  months  and  perhaps  years  of  working  at  rela- 
tively low  temperatures,  there  does  not  seem  to  be 
sufficient  justification  for  tests  at,  say,  150°  C. 

Section  B. — Absorption  of  Moisture. 

In  regard  to  Questions  11  and  12  Messrs.  Ferranti  refer 
to  the  use  of  anhydrous  copper  sulphate  as  an  indicator  of 
moisture,  and  also  to  the  immersion  in  the  oil  of  an  iron 
rod  heated  just  below  a  dull  red  heat  for  the  same  pur- 
pose. They  also  quote  from  the  Proceedings  of  the  Eighth 
International  Congress  of  Applied  Chemistry  in  1Q12  four 
methods  of  determining  moisture. 

The  Victoria  Falls  &  Transvaal  Power  Company  write 
as  follows  : — 

"The  amount  of  moisture  that  is  absorbed  by  a  pure 
hydrocarbon  oil  is  very  small  indeed.  An  oil  saturated 
with  moisture  would  probably  contain  something  like 
0-005  psr  cent  of  water  in  solution,  but  it  might  contain 
more  than  this  in  a  very  finely  suspended  state.  If  the  oil 
is    continually  exposing    fresh  surfaces   to   a   very   damp 
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impossible  to  lay  down  a  chemical  standard  for  a  dry  oil. 
In  our  opinion  the  best  standard  would  be  based  on  the 
dielectric  strength  and  the  specific  resistincc.  An  oil,  the 
dielectric  strength  of  which  is  such  that  the  pressure 
re«^uired  to  sparlc  across  two  ^-in.  diameter  discs  200  mils 
■>  in.  below  the  surface  of  the  oil  is  of 
1  ■  40,000  volts,  or  the  specific  resistance 

ot  which  IS  irom  3,000,000  to  4,000,000  megohms  pier  cubic 
cm.  when  measured  at  I5°C.  through  a  film  10  mils  in 
thickness,  may  be  taken  as  a  perfectly  dry  oil. 

"  A  very  small  percentage  of  moisture  in  an  oil  is 
-ufhcient  to  reduce  the  dielectric  strength  and  specific 
rc>i5t:<iK-i.-  '  r  percentages  of    moisture, 

citlicr    in  ,  cnsion,  still    further  reduce 

these  -.  but  iiui  in  the   same  proportion  as  the 

first  M  ment." 

Mr.  T.  C.  Thomscn  suggests  that  the  only  accurate 
test  for  determining  the  presence  of  moisture  in  trans- 
former oils  is  by  testing  the  dielectric  strength  and 
specific  resistance.  He  also  quotes  an  exceedingly 
iiitere^iiiv.;  qii.intitative  application  of  the  copper-sulphate 
ic-t  ilcM^ed  by  Mr.  Fhilipps,  chief  chemist  of  the 
I"'. Well   liut'fryn  Coal  Company. 

In  view  of  the  fact  that  both  the  Victoria  Falls  Company 
and  Mr.  Thomsen  favour  electrical  tests  rather  than 
chemical  standards,  the  author  desires  to  state  that,  in  his 
opiTiioii,  a  satisfactory  minimum  requirement  as  to  what 
v  :.-titute*  a  dry  oil  at  15°  C.  would  be  defined  by  a  specific 
resistance  of  not  less  than  2,000,000  megohms  per  cubic 
cm.  and  a  dielectric  strength  of  not  less  than  10,000 
volts      Uiwccii     .1  ;it     and     a    disc    |    in.    in 

tliuiiitti: ,  t.'ic  dis^    ,  point  being  100  mils  apart. 

An  oil  passing  this  test  will  not  show  any  signs  of  moisture 
if  tcsteil  In  anv  of  the  usual  chemical  methods. 
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In  answer  to  Question    14    Mr.  Thooitco 
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.ip<ut.       Kultlicily     Me     liuii     us> 
electrodes    were    rounded     liei;. 
vertically.     On   account  of   the  very  iik 

so    obtiined   we   designed    the   vessel    dc 

whereby  we  have  obtained  more  uniform  results.  Pro- 
vided that  any  stray  pieces  o(  fibre,  etc.,  ar  '' ' -m 
between  the  needles,  the  results  vnm  no  ut 
lo  per  cent  • 

Mr.  J.Lu-;.  !>chnologjf, 

Manchester,   cxy  •.-p'Oinl 

and  disc  should  1 

"The  pLile  should  be  of  a  diameter  of  1  in  to  1}  tn. 
The  reasons  why  these  are  preferred  to  sphe'-  ■'  ■  1  •-  itn 
are  that  a  greater  gap-distance  can  be  i  "le 

same  breakdown  .    '  .re 

more  diAicult  to  e- 

over,  with  the  l.r  is  u  ^n..>  ic 

oil  caused  by  eU  action  its 

local  heating  to  some  extent,  ai  so 

dependent  upon  the  time  of  a;, as 

it  is  with  spherical  electrodes.      For  these  rea  is 

less  chance  of  the  lining-up. of  the  particles  w.  ^  .  ;;ught 
be  in  suspension.  The  only  troublesome  feature  is  the 
replacing  of  the  '.       "  i»e 

done  by  lifting  ^  id 

inserting  a  I:  ;» 

and  then  ca:.  :  .sh 

before  immersion.  The  same  treatment  should  Ik-  given 
to  spherical  electrodes  (if  employed  to  give  the  maximum 
)X)tcntial  gradient  at  the  breakdown  of  the  oili  Minute 
air-bubbles,  or  a  film  of  moisture  condensed  on  the  elec- 
trodes,  will  affect   the  test   results. 

"  Nei-  ce 

than  tit  :i- 

m  liter  eac  as 

n'  '.  :  point-an  :  ,  -  a 

small  spark  passed  without  an  arc  following.  Arcing 
would  not  take  place  until  the  pressure  was  raised.  With 
spherical  electrodes  the  arc  always  follows  the  spark, 

"The    '  f  spark-gap  used  will  depend  upon  the 

test  vol'  .hie. 

a  -  k- 
ink  e  OI  so  t  .li- 
able. _.-..- a , „:- -:  o'i35  in.  V  .                      id. 
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This  brings  the  breakdown  voltage  within  the  limits  of  the 
pressures  of  modern  commercial  liigh-tcnsion  transformers. 
A  good  oil  requires  a  pressure  of  ii  to  13  kilovolts  for 
a  0'i25  in.  gap.  The  writer  prefers  the  longer  gap,  as 
small  errors  in  measurement  are  of  less  importance. 

"The  cylindrical  containing  vessel  for  a  gap  of  o"2  in. 
and  needle-point-and-platc  electrodes  should  be  about  2  in. 
in  diameter. 

"  The  test  can  be  made  almost  immediately  after 
pouring  in  the  oil  and  adjusting  the  gap  distance.  Various 
intervals  of  time  before  applying  the  electric  pressure  were 
tried  by  the  writer,  from  a  few  minutes  up  to  48  hours. 
No  difference  in  the  first  test  results  was  observed,  except 
when  floating  matter  was  present. 

"  If  .-ifter  the  first  test  the  plate  electrode  is  brushed  to 
remove  the  carbon,  the  needle  replaced,  and  the  oil  shaken 
up,  the  subsequent  '  breaks '  require  a  higher  voltage  as  a 
rule.  The  question  arises  :  Which  must  be  taken  as  the 
true  breakdown  voltage  of  the  oil  ?  Is  it  the  first  or  the 
maximum  ?  From  a  commercial  point  of  view,  obviously 
the  first.  If  the  oil  were  perfectly  dry,  would  the  subse- 
quent tests  on  the  punctured  oil  give  higher  results  than 
the  first  test  ?  The  writer's  results  are  too  meagre  to 
arrive  at  a  conclusion  on  this  point ;  some  seem  to  show 
that  subsequent  -'breaks  '  would  not  occur  at  higher  volt- 
ages than  the  first.  In  a  great  number  of  tests  it  was  found 
that  a  sample  of  oil  subjected  to  several  successive  arcs 
apparently  gave  an  increase  in  the  electric  strength,  which 
might  be  due  to  the  absorption  of  moisture  by  the  finely 
divided  carbon." 

The  author  is  of  opinion  that  the  needle-point  and  disc 
are  preferable,  partly  as  within  small  distances  this  test 
gives  a  lower  value  than  that  obtained  by  using  spheres  or 
needle-points,  and  it  also  best  approximates  to  the  manner 
in  which  a  transformer  may  arc  across  from  the  windings 
to  a  point  in  the  core  plates.  He  would  also  point  out  that 
so  far  no  information  is  available  as  to  the  variation  of 
dielectric  strength  with  the  immersion  of  the  electrodes,  or 
as  to  the  effect  of  movement  of  the  oil  on  the  dielectric 
strength.  An  investigation  on  these  points  may  so  far  as 
the  first  is  concerned  have  an  important  bearing  on  the 
design  of  a  standard  apparatus  for  dielectric  strength 
tests,  and  as  regards  the  second  may  largely  influence  the 
design  of  oil-break  switchgear. 

Sectiox   D. — Thermal   Transference. 

In  answer  to  Questions  15  and  16,  the  Victoria  Falls  & 
Transvaal  Power  Company  state  : — 

"  We  do  not  know  of  any  method  in  vogue  for  the  esti- 
mation of  the  relative  thermal  transference  of  oils,  and 
although  an  apparatus  could  probably  be  designed  to  give 
comparativf  figures,  it  would  probably  be  found  that  these 
figu  es  are  in  the  same  ratio  as  the  viscosities  of  the  oils. 
The  specific  heat  of  all  hydrocarbon  oils  is  practically 
the  same — about  0*4  (water  being  unity).  As  a  general 
rule  it  may  be  stated  that  oils  of  low  viscosity  conduct 
heat  more  rapidly  than  oils  of  a  higher  viscosity,  owing  to 
the  fact  that  thin  oils  are  more  susceptible  to  convection 
currents. 

"  Possibly  the  varying  nature  of  the  constituents  of 
different  oils  may  have  an  effect  upon  the  thermal  trans- 
ference, but  we  think  that  it  will  be  found  that  the  thermal 
transference  will  vary  inversely  as  the  viscosity.     There 


are  several  standard  forms  of  nistruments  for  measuring 
viscosity,  and  if  it  is  found  that  this  statement  holds  good, 
the  measurement  of  viscosity  would  suflice  for  the  test  for 
heat  transference  also. 

"We  think  an  apparatus  could  be  devised  for  testing 
heat  transference.  For  example,  a  metal  vessel  divided 
into  two  watertight  compartments,  one  above  tlie  other, 
might  be  used.  Tlie  vessel  sliould  be  well  lagged  to' 
prevent  radiation,  and  suitable  inlets  and  outlets  should 
be  made  to  each  compartment,  together  with  tliermometer 
pockets.  The  lower  compartment  is  filled  with  the  oil  to 
be  tested  and  could  be  electrically  heated  by  means  of  a 
flat  coil  lying  on  the  bottom  of  the  lower  compartment. 
The  upper  vessel  can  be  filled  with  water,  or,  probablj', 
mercury.  The  thermometer  in  the  upper  vessel  should 
measure  the  temperature  of  the  surface  of  the  liquid,  and 
should  always  be  immersed  to  the  same  depth  in  each 
test. 

"  The  oils  to  be  tested  should  be  at  the  same  initial 
temperature  (say  15°  C.)  and  care  must  be  taken  that  the 
current  through  and  the  voltage  across  the. coil  is  always, 
the  same.  The  upper  liquid  (water  or  mercury)  should 
also  be  as  nearly  as  possible  at  the  same  temperature  as 
the  oil  to  be  tested.  Then  the  time  taken  from  switching 
on  the  current  to  raise  the  temperature  of  the  upper 
surface  of  the  water  or  mercury  by  a  definite  number  of 
degrees  (say  10°  or  20°  C.)  would  be  a  measure  of  heat 
transference ;  by  making  a  test  with  water  in  the  lower 
chamber  and  calling  the  result  unity,  we  could  perhaps 
arrive  at  some  basis  of  comparison. 

"Probably.it  would  be  better  to  construct  the  vessel  of 
a  non-conducting  medium,  such  as  porcelain,  with  the 
dividing  partition  of  thin  sheet  metal,  say  iron  (for 
mercury).  The  error  likely  to  arise  through  conduction 
of  heat  through  the  sides  of  the  containing  vessel  would 
then  be  very  small. 

"We  think  that  the  thermal  transference  does  not 
depend  to  any  definite  extent  on  the  specific  gravity,  and 
until  it  is  proved  that  no  other  factor  than  viscosity  enters 
into  the  question  of  thermal  transference  we  think  it  is  im- 
possible to  express  the  relative  thermal  transference  as  a 
function  of  the  viscosity.  As  stated  in  our  answer  to 
Question  15,  we  think  it  probable  that  the  heat  transference 
will  be  found  to  be  a  function  of  the  viscosity,  but  we 
think  this  statement  ought  to  be  proved  experimentally." 

Mr.  T.  C.  Thomsen  also  suggests  a  method  of  ascertaining 
the  relative  thermal  transference  of  this  oil  : — 

"  Omitting  for  the  moment  transformers  where  the  oil 
is  circulated  by  means  of  a  pump,  the  transference  of  heat 
through  the  oil  usually  takes  place  by  a  convection  circula- 
tion of  the  oil,  due  to  that  part  in  contact  with  the  trans- 
former windings  absorbing  heat  and  rising  to  the  surface 
whilst  the  part  near  the  inside  of  the  transformer  casing 
cools  and  sinks  to  the  bottom.  The  circulation  of  the  oil 
is  due  to  the  change  in  specific  gravity  caused  by  the 
change  in  temperature  ;  hence  it  is  not  the  specific  gravity 
of  the  oil  that  matters,  but  the  coefficient  of  expansion,  as 
the  more  the  oil  expands  under  the  influence  of  heat,  the 
more  its  specific  gravity  changes  and  the  more  rapid  the 
circulation  will  be.  High  viscosity  of  the  oil  means  slovy 
circulation. 

"As  the  transference  of  heat  undoubtedly  is  greatly 
accelerated  by  increased  speed  of  circulation,  I  believe  it 
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"  Fig.  -;  is  a  sketch  of  an  apparatus  which  1  would  sug- 
gest niij^hi  prove  useful  in  this  connection.  The  centre 
receptacle.  V„  contains  a  liquid  which  can  be  heated  by 
electrical  means  to  any  desired  temperature.  This  vessel 
i~  smother  vessel,  V,.  which  it  is  prevented 

<!  -      \  means  of  the  Mnall  pieces  of  insulating 

iii.iu  1  i.il  .li  ihc  bottom.  This  ve>sil  is  filled  witli  the  oil  to 
I'l  u-ic<l.  Outside  i^  another  vessel,  V,,  tilled  with  water, 
and  finally  there  is  a  water-jacket,  V„  through  which  a 
small,  known  quantity  of  water  is  passed  continuously. 
Thermometers  are  fixed  in  the  \-arious  vessels  and  the 
■>;  ■  crcd  by  insulating  material  to  prevent  heat 

I  II.     When  the  temperatures  have  become 

.-  u;uuunt  of  heat  passing  from  the  inner  vessel 

I  two  surrounding  vessels  is  constant,  and  if 

the  liquids  in  the  vessels  V„  V„  V,,  assume  temperatures 
T,,  T„  T,,  the  area  of  the  cylindrical  surfaces  being  S„  S„  S,, 
the  thcmuil  transference  of  oil  O^  and  the  thermal  trans- 
ferrnci-  of  water  \V\  K,  and  K.  being  constants,  the 
1'  .  1.  :iig  calculations  can  be  nude,  the  amount  of  heat 
;  .i>5iiig  itirough  the  vessels  per  hour  being  called  H  :— 

H  =  K.  S.  O,  (T.  -  T.)  =  K.  S.  \V,  (T,  -  T,i. 
•ccordingly  if  \V,=  i  — 

lv.S.(T.-T,,_     T.-l, 
"'  -  K.  S.  ( r,  -T.)-*^  T,  -  1 ." 
•  III  Older  to  find  the  value  of  the  constant  K  it  becomes 
necessary  to  make  an  experiment,  using  water  in  vessel  V„ 
which  ex(>eriment  will  give  us  the  following  equation  :— 
W,      „T.-T,  T.-T. 

W.=  ^TT^T.  =  '•  =« '»»^'  ^  =  T.^Tt,- 
"  Oi:  .:  determined  K,  the  thermal  transference 

of  oil  I-  .  cvl  from  the  formula.    The  width  between 
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liquid  111  \',   could  l>e   i 
become  constant." 

Sectiox  K.— Akc«  is  Oil. 

In  answer  to  <^uestions  17,  iH,  and  n>.  the  Vi 

&     Transvaal     Power     Company     »cud    the     . ^ 

comments  ;  — 

"  With  any  given  oil.  there  is  pr   '    '  '  ''    - 

duced  when  the  oil  is  heated  to  a  > 

product! 

and  vi>>. 

sidered  as  iiidicaliiig  a  i 

as   a   general   rule  the    ,^  .  1 

viscosity,  the  greater  will  be  the  percentage  of  c. 

oil,  and  as  these  increase  the  greater  will  be  the  v^^.......  ■    -i 

carbon  produced. 

"  In  this  question  the  : 
sidcred   besides   the    t  c 

size  of  the  arc,  the  lenglii  ui 

on,  that  the  question  as  to  v.  ^ 

kept  at  a   constant  lein|H-raiure  need  not  be  ^ 
more  especially  as  it  is  impossible  to  keep  the  u     ,      .      c 
of  an  oil  constant  when  there  is  an  arc  beneath  Ihe  surface. 

"  The  composition  of  the  oil  would  also  have  an  cftcct 
u(K)n  the  amount  of  cartwn  produced  under  similar  con- 
ditions in  oils  from  the  same  crude  stock,  -  '•> 
containing  uii»;itur.«fivl  hydrocarbons  in  i  c 
quantity  woi:  - 
of  the  same  '.  .1 
hydrocarbons.  In  one  case,  where  the  gases  lormed  by 
an  arc  under  transformer  oil  were  analysed,  it  was  lound 
that  there  was  62  per  cent  of  hydrogen  and  4*3  per  cent  oi 
hydrocarbons  (calcubted  as  methane).  The  I"'  "i'- 
slated  to  be  nitrogen,  but  as  the  oil  contains  i 
We                      air  must                                                 :  .c. 

may  alw  .  :-•  of  >*arY- 

ing   piofHjrtions 
formed    by   the    ..v         , 
temperature  of  the  arc,  and  as  in  all  e 

question)  the  gases  are  highly  explosivv   .« :.i 

the  requisite  volume  ol  ;ur  or  oxygen,  we  think  itiat  the 
actual  composition  is  not  a  nutter  of  large  e. 

"  The   amount   of   nitric    acid    which    .  t- J    in 

practice   in   contact    with   the   surface  of   i;.c  e;.  i>  ver>' 
small,   and    it  is    doubtful    whether    the    oil    wotx\d    be 
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materially  changed.  Of  course  if  nitric  acid  forms  and  is 
condensed  on  the  surface  of  the  oil  it  may  cause  trouble 
due  to  its  action  on  the  materials  of  construction  of  the 
transformer. 

"  Ozone,  however,  is  different.  The  amount  produced  is 
also  small,  but  it  would  undoubtedly  accelerate  the  oxida- 
tion of  the  oil,  that  is,  the  oil  would  sludge  more  rapidly. 
We  think  that  in  neither  case  would  the  tendency  to 
absorb  moisture  be  increased." 

Mr.  T.  C.  Thomsen,  having  suggested  that  the  methods 
used  l\v  Messrs.  Digby  and  Mellis  should  be  applied  in 
connection  with  all  of  the  various  oils  dealt  with  by  those 
who  co-operate  with  the  Committee,  has  promised  to 
contribute  at  a  later  date  some  information  on  the  relative 
effects  of  continuous  and  alternating  currents  in  occasioning 
carbonization. 

In  concluding  this  first  interim  report  the  author  would 
like  to  express  on  behalf  of  the  Sub-committee  the 
indebtedness  of  the  Institution  to  those  three  contributors 
w-hose  opinions  are  so  extensively  quoted.  The  Sub- 
committee would  greatly  appreciate  the  continued  assist- 
ance of  these  contributors  and  it  invites  others  to  express 
their  opinions  and  give  actual  results.  This,  together  with 
the  programme  of  work  which  has  been  outlined,  will,  it  is 
hoped,  enable  the  Sub-committee  to  recommend  standard 
tests  in  many,  if  not  in  all,  the  matters  in  regard  to  which 
opinion  has  hitherto  been  exceedingly  diverse. 

The    Sub-committee    would    be    glad    to   receive   any 


figures  bearing  on  the  matters  discussed  in  the  Answers  of 
the  Victoria  Falls  &  Transvaal  Power  Company  to 
Questions  i — lo  .(Section  A).  They  would  also  welcome 
assistance,  from  those  collaborating  in  this  research,  in  the 
application  of  Mr.  Thomson's  suggested  sludging  test  and 
its  co-relation  with  the  figures  obtained  by  Dr.  Michie's 
test ;  and  also  in  carrying  out  tests  on  the  lines  suggested 
by  Mr.  Thomsen  under  Section  D.  In  applying  Mr. 
Thomsen's  formula  they  would  suggest  that  tlie  range 
of  test  temperatures,  for  which  the  value  of  tlie  coeflicient 
K  should  be  determined,  might  be  from  15°  to  50"  C,  and 
from  15°  to  75°  C. 

The  author  suggests  tliat  an  alternative  device  for 
determining  the  value  of  the  coefficient  K  would  be  in  the 
employment  of  a  spherical  vessel  filled  with  oil  to  half  its 
volume.  If  this  were  immersed  in  a  larger  vessel,  contain- 
ing water  heated  by  an  electrical  resistance,  and  the 
cold  and  hot  junctions  of  a  tlTermo-couple  placed  exactly  in 
the  centre  of  the  oil  and  the  smTounding  water  respectively 
(a  thermometer  reading  in  tenths  of  1"  C.  being  also  placed 
in  the  water)  the  temperature  lag  of  the  oil  behind  the 
temperature  of  the  water  would,  measured  at  regular 
successive  intervals,  perhaps  be  the  best  index  as  to 
thermal  transference.  So  far  as  the  actual  operation  of 
transformers  without  artificial  circulation  is  concerned, 
thermal  transference  must  be  regarded  as  distinct  from 
thermal  conductivity  on  account  of  the  part  played  by 
convection  currents. 


EXTRACTS       FROM       THE       "  KING       COUNTRY 
CHRONICLE  "       NEWSPAPER       (NEW       ZEA- 
LAND),   AND    THE    NEW    ZEALAND    POLICE 
OFFENCES   ACT. 
The  following  two  extracts  are  from  the  King  Country 

Chronicle,  of  Te  Kuiti,  New  Zealand.     The  first  appeared  in 

the  issue  of   the  17th  June,  1914,  and   the  second  in  the 

issue  of  the  15th  July,  1914  ; — 

An  Unusual  Charge. 

[A  defendant]  was  charged  with  a  breach  of  the 
Police  Offences  Act  by  using  the  letters  A.M.I.E.E.  after 
his  name,  not  being  entitled  to  do  so. 

Sergeant  Rowell,  for  the  prosecution,  said  the  pro- 
ceedings had  been  taken  at  the  instigation  of  the 
Institution  of  Electrical  Engineers.  It  had  been  ascer- 
tained by  the  secretary  of  the  New  Zealand  branch  of 
the  Institution  that  defendant  never  h.ad  been  a  member 
of  the  Institution,  and  defendant  had  been  written  to 
concerning  the  matter.  Defendant  had  stated  that  he 
had  made  use  of  the  letters  under  the  impression  he 
was  entitled  to  do  so,  but  he  had  subsequently  written 
stating  he  was  in  the  wrong. 

Mr.  Sharpies,  who  appeared  for  defendant,  pleaded 
guilty.  He  explained  that  defendant  had  been  called 
away  to  attend  to  urgent  business  and  could  not  attend. 
He  was  instructed  that  defendant  became  an  Associate 
of  the  Institution  in  Australia,  and  thought  he  was  entitled 
to  use  the  letters,  except  for  the  fact  that  he  was  not  a 
financial  member  of  the  Institution. 

His  Worship  said  he  could  not  accept  the  statement 
made  by  defendant's  counsel  in  face  of  the  letter 
defendant  had  written,  but  would  grant  an  adjournment 
till  next  court  day  to  enable  defendant  to  appear. 


An  Unusual  Charge. 
[A  defendant],  who  was  charged  at  last  Court  with 
wrongfully  using  the  letters  A.M.I.E.E.  after  his  name, 
did  not  appear,  but  sent  a  letter  to  the  clerk  of  the  court. 
Mr.  Sharpies,  who  appeared  for  defendant  last  court 
day,  stated  defendant  had  withdrawn  his  retainer,  and 
he  was  therefore  unrepresented  by  counsel.  A  fine  of 
;^5  and  costs  was  inflicted. 

New  Zealand  Police  Offences  Act. 

Section   20   of   the   New   Zealand   Police   Offences  Act 
(igo8.  No.  146)  is  as  follows  : — 

20.  (i)  Every  person  commits  an  offence  and  is  liable 
to  a  fine  not  exceeding  twenty  pounds  who  publicly  uses  ' 
in  connection  with  his  business,  trade,  calling,  or  pro- 
fession any  written  words,  initials,  or  abbreviation  of 
words  intended  or  likely  to  cause  any  person  to  believe, 
contrary  to  the  fact,  that  he  holds  a  degree,  diplonia,  or 
certificate  granted  or  issued  by  any  university  or  other 
institution,  society,  or  association,  whether  in  New 
Zealand  or  elsewhere,  or  that  he  is  a  member,  associate, 
or  fellow  of  any  such  association,  society,  or  association. 

(2)  In  every  prosecution  for  an  offence  against  this 
section  the  burden  of  proving  that  the  defendant  holds 
such  degree,  diploma,  or  certificate,  or  is  a  member, 
associate,  or  fellow  of  any  such  institution,  society,  or 
association,  shall  be  on  the  defendant. 

(3)  It  shall  be  no  defence  in  any  prosecution  under 
this  section  that  the  words,  initials,  or  abbreviation  so 
used  by  the  defendant  do  not  refer  or  profess  to  refer, 
or  were  not  understood  by  any  person  to  refer,  to  any 
particular  or  actual  university,  institution,  society,  or 
association. 
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iNTKoui'criox. 

In  It.-.  Mt  \i..is  ••ii-ii  i.lv.iii.-<-  has  been  made  in  the  art 
of  >.  -  for  diiconiiecling  dcl'ec- 

livc  iii'iiii^  .luu  .iju'.ii .liu^  tifiii  ail  electric  distribution 
s>'!>tein  with  a  minimum  of  disturbance  to  the  supply. 
l">c\  ■  .1-  been  so   numerous  and  diverse  that 

il  i^  wiltiin  the  scope  of  a  single  paper  to 

cms  winch  arise  in  tliis  branch  of 
i;4,  much  less  with  all  the  solutions 
that  have  been  proposed. 

The  author  proposes  to  consider  the  general  conditions 
governing  the  choice  and  design  of  protective  devices  of 
this  kind,  and  to  describe  some  of  the  more  generally 
useful  devices  now  available.  In  order  to  complete  the 
arguments  it  is  necessary  to  deal  with  several  well-known 
device-  but  it  is  hoped  that  the  treatment  of  them  will  be 
foil:  I  useful. 

(.<  u  considerations  must  ultimately  decide  the 

use  of  any  apparatus.  For  example,  on  distributing 
s).stems  employing  only  a  few  miles  of  cable  the  prob- 
ability  of  a  fault  on  a  feeder  is  small,  and  it  is  not 
c<.ii:r  "  Me  to  employ  app.iratus  requiring 

spo^  >  efficient  maintenance.     Even  on 

>uch    a  r,  a   reputation   for  continuity  of 

Mippiv  1-    .      .  iimercial  asset,  which  alone  justilies 

>oiiK-  rxpendilure  on  selective  protective  apparatus. 

Ill  -ikU  a  case,  too,  probable  future  develupmcnts  must 
be  con^idereil.  When  the  s\-stcm  has  grown  to  five  times 
its  present  dimensions,  there  are  likely  to  be  at  least  6ve 
times  as  many  faults  per  annum,  and  the  results  of  indi. 
viilu  '  ire  Ukcly  to  be  far  more  serious.     If  these 

coi!  ~    are   overlooked   when    making   the   initial 

installation,  excessive  expenditure  or  loss  will  be  incurred 
later  on. 

The  use  ot  protective  devices  acting  selectively  to  cut 
out  faulty  sections  will  not  only  ensure  continuity  of 
supply,  but  by  enabling  faults  to  be  cleared  quickly  and 
whilst  only  a  small  current  is  flowing,  will  greatly  reduce 
their  destructive  effects.     It  is  only  owing  to  imperfections 
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1014.    b<i^'i<   Ikf    M 
IWI4.  .111./  bif^iie  Ih 


111  must  uf  tlie  :r  use  hA» 

not  become  ui. 

On  plants  r.i  e  than  .: 

employnieiit  I'l  devices  ; 

ally  almost  a  necessity.  On  much  smaller  plants  it  is  not 
sulViciently  recogni/ed  that  the  use  of  selects  •  •-'  '-ctjvc 
devices  often   enables  economies  in  the  c  c  on 

cables  to  be  effected,  w'  '■    will  muic  ;..a,i  cover 

the  expenditure  on  the 

The  expenditure  on  cables  ib  . 
third  to  unelialf  of  the  total  capi.  . 

to  heating,  the  cables  arc  generally  run  at  a  lower  current 
density  than  the  economical  hmit  represented  by  Kcivin's 
law  ;    yet  in   order   to  ensure  continuity  of   supply  wiUi 
indifferent  apparatus  it  has  been  the  practice  to  dupltcatc 
cables    extensively,    still    further    reducing    Uic    current 
density  and  the  economy  factor.      If   the  -^ 
ralus  employed  is  of  .1  type  independeii!  ■ 
ment  of  the  c. 
out  on  the  mo  .  . 

the  limitations  of  reverse-current  relays  and  sunilar 
apparatus. 

CLASSI FIC.ATIOS   OK   PrOTECTIVK   DEVICES  A.VD  FEEDER 

S'k'srEus. 

i'l'  '  may  be  roughly  classilied  under  three 

headii  „  : — 

(1)  Overload  devices,  or  devices  which  operate  when 

thr 

when  tne  riow  01 
reverse  direction  ;     , , 
(3)  Leakage  devices,  or  devices  which   operate  when 
current    flows    through    other    than    the    prvpcr 
channels. 

Devices  for  disconnecting  an  oi-erloaded  ciicuit — <rf 
which  the  fuse  is  typical— have  been  known  fi om  the 
eoihcst  da«  of  electrical  distribution.     Whilst  serrviocable 
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on  independent  circuits  they  prove  inadequate  where  the 
supply  circuits  arc  duplicated. 

Fig.  I  shows  the  elements  of  which  distribution  systems 
are  constructed,  and  will  serve  to  define  the  terms 
employed.  The  supply  to  the  point  A  is  through  an 
independent  feeder.  The  suppl}'  to  B  is  duplicated  by 
the  use  of  parallel  feeders,  whilst  that   to   C  and   D  is 


Fig.  I. — Elements  of  Distribution  System. 

duplicated  by  the  use  of  an  interconnector.  The  normal 
energy-flow  in  feeders  will  be  from  the  source  outwards, 
whilst  in  interconnectors  the  flow  may  be  in  either  direc- 
tion, varying  with  the  load  conditions.  Trunk  mains  to  a 
distributing  centre  are  parallel  feeders,  but  trunk  mains 
between  two  generating  stations  are  parallel  interconnec- 
tors. The  ring  main,  feeding  points  E,  F,  G,  and  H,  is  a 
combination  of  feeders  and  interconnectors,  the  connec- 
tion between  any  two  of  the  distribution  points  being  an 
interconnector.  At  each  distribution  point  the  circuits 
supplying  individual  motors,  etc.,  or  isolated  transformers, 
are  independent  feeders  (such  connections  are  so  short 
and  laid  under  such  favourable  conditions  that  it  is 
unnecessary  to  duplicate  them). 

All  distribution  systems  are  built  up  of  combinations  of 
the  above.  Independent  feeders  may  be  branched  as  at 
J  and  K,  but  are  still  considered  as  independent  feeders  or 
open  ended.  The  closed  figures  giving  a  duplicate  supply 
may  be  combined  into  networks. 

In  independent  feeders  a  fault  is  characterized  by  an 
increase  of  the  current  in  the  normal  direction  in  the 
individual  feeder,  and  may  be  removed  from  the  system 
bj  disconnecting  the  feeder  at  the  end  nearest  to  the 
source  of  supply. 

In  closed  systems,  on  the  other  hand,  a  fault  on  any 
feeder  will  cause  an  increase  of  current  through  the 
duplicate  source  of  supply,  varying  in  amount  with  the 
position  of  the  fault. 

Protectiox  of  Ixdependext  Feeders. 
In  the  case  of  independent  feeders  it  is  impossible  to 
remove  the  fault  without   causing   a  temporary  loss    of 


supply  to  that  part  fed  by  the  faulty  feeder ;  but  trouble 
should  be  confined  to  the  part  in  question,  although  this  is 
not  always  done. 

The  following  devices  are  employed  for  the  purpose  : — 

Si)iiplc  overloiitl  devices. — Fuses  arc  satisfactory  for  small 
circuits,  but  are  replaced  by  automatic  circuit-breakers  on 
large  circuits  in  order  to  obtain  better  rupturing  character- 
istics, and  to  save  delay  and  expense  in  restoring  the 
circuit.  If  instantaneous  in  operation,  circuit-breakers 
must  be  set  high  enough  not  to  be  disturbed  by  momentary 
heavy  overloads  incidental  to  the  service.  It  is  found  that 
most  circuits,  and  especially  power  circuits,  are  subject  to 
such  momentary  overloads,  and  in  order  to  prevent  loss  of 
supply  it  is  necessary  to  adjust  the  overload  devices  to 
withstand  perhaps  several  times  normal  load.  Such  an 
arrangement  necessitates  all  faults  being  retained  on  the 
circuit  until  they  become  heavy  faults,  and  it  may  allow  of 
serious  injury  to  the  plant  on  a  sustained  overload. 

Tiinc-liiiiil  overload  devices. — This  difficulty  is  partly  met 
by  the  use  of  time-limit  overload  devices.  The  destructive 
heating  will  require  a  time  roughly  inversely  proportional 
to  the  square  of  the  current.  A  circuit-breaker  having  an 
inverse  time  characteristic  suitably  adjusted  would  permit 
the  plant  to  deal  with  any  condition  that  it  can  safely  meet, 
and  it  would  disconnect  the  circuit  at  any  overload  on  the 
danger-point  being  approached.  This  at  any  rate  is  the 
ideal  aimed  at  and  the  justification  for  the  use  of  an  inverse 
time  characteristic.  In  practice  one  relies  on  the  attendant 
to  prevent  continuous  overloading. 

Leakage  devices. — A  leak  may  occur  between  poles  or  to 
earth.  A  leak  between  poles  generally  develops  into  a 
short-circuit.  At  the  source  of  supply  it  is  indistinguishable 
from  an  overload,  and  the  case  is  met  by  the  use  of  overload 
devices. 

A  leak  to  earth-  may  not  cause  overloading,  and  thus  may 
continue  for  a  long  time  on  a  circuit  protected  only  by 
overload  devices.  This  introduces  a  risk  of  fire  or  shock, ' 
serious  in  mining  work  and  undesirable  in  all  cases.  In 
case  the  leak  is  tlirough  combustible  insulating  materials, 
as  in  machines  or  cables,  it  will  probablj'  develop  into  a 
short-circuit  between  phases.  On  the  large  distributing 
systems  of  to-day,  and  the  larger  systems  of  to-morrow,  it  is 
becoming  and  will  become  increasingly  important  to  pro- 
vide means  for  disconnecting,  before  the  short-circuit  stage 
is  reached,  sections  on  which  there  are  leakages. 
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P'iG.  2. — Three-phase  Feeder  with  Leak  to  Earth. 


Fig.  2  represents  an  independent  3-phase  feeder  having 
a  leak  to  earth  at  the  point  A.  It  will  be  observed  that 
prior  to  the  leak  all  current  going  out  through  one  of  the 
conductors    must    return    through    the    others,    and   that 
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KiG.  J      (-cuiti  I'l'icacii  in  t ■•ic-balaiKiiij;  I'laii-iormcr. 

conductors  form  l'  .  winding.     Tlie  secondary  i> 

connected  directly  l  „  :  relay  to  the  circuit-breaker. 
Such  device^  are  obtainable  adjustable  to  operate  on  a  leak 
of  a  few  amperes. 

In  another  form  separate  transformers  are  furnished,  one 
iiductor.  and  the  tripping  device  is  connecte<l  in 
1  rclurn  circuit,  as  in  Fig.  4.     Willi  this  arrange- 
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Fig.  4. — Core-balancing  whh  Three  Transformers. 

mcnt  direct-acting  trip  coils  can  commonly  be  employed, 

at  about  one-third  of  normal  load,  and  the  same 

crs  may  be  employed  to  excite  instruments  and 

to  operate  the  usual  time-hmit  overload  devices  which  are 

»lill  necessary  to  protect  the  system  against  faults  between 

phases  and  heavy  overloading.     Fig.  5  shows  a  particular 

I       '       "ion  for  this  purpose,  in  which  the  time-limit  over- 

ction  is  obtained  by  the  use  of  the  well-known 

iiuu 

A  '  <i  seiisilire  leakage  device. — This  combination 

t  value  and  should  be  used  universally  on  indc- 

h.t.  feeders,  and  on  high-tension  service  where 

current  transformers  are  available,  or  the  slight  additional 

I. .»!  ..I  -npplying  them  is  justified.    The  arrangement  not 

:  es  the  early  disconnection  of  faulty  circuits,  but 

cii.ifn.-.   ihe  fault  to  be  removed   from   the   system  with 

a  minimum  of  disturbance. 

The  abiUty   to   remove   faults   quickly   and  before   the 
current  reaches  a  high  value  is  a  great  advantage  in  all 
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Flu.  5. — Core-balancing  combined  with  Overluad  Proiectkiii. 

On  3-phase  systems  having  Ihe  mid-point  earthed  through 
a   current-limiting   resistance   the  'em 

allows    the    use  of    a   rcM stance   >  :  ..ue. 

positively  limiting  Ihe  fault  current  to  earin  to  a  relatively 
small  figure.  Where  core-balancing  devices  arc  not  em- 
ployed, the  earthing  resistance  must  allow  a  sufficiently 
large  current  to  pass  to  operate  the  overload  '  ■  ■  -  with 
the  highest  current   settings  which  may  be  :   on 

the  system,  and   it  i-  ;s  ol   .iuo  lu  i/xio 

amperes    are    not    i.  d.      If    now,    for 

exarnple,  on  a  6.(kk>\\>U   ,  e  can  be  reduced 

to  50  amperes,  it  will  l»c  .  .    -ven  on  a  •"  dead  ' 

short-circuit  to  earth  the  current  which  rtows  repre>ents 
only  a  temporary  increase  of  load  of  less  titan  .>a>  kw. 

Selective  Action*  with  Le-^K-vge  Prote«.tive 
.\i'i'.vK.iri.'s. 

The   introduction   of  core-balancing   apparatus  enables 
selective   action   to   be   obtained   to   an   extent  quite  im- 
p^i>sible  with  overload  devices.     At  the  generating  station 
It  IS  im|H>itant   that    faults    should    be    cleared    \. 
whiUt   Ihe  indivulual  user  calU  for   hit?h  curreni 
.1:  "g 

to 
obtain   a   compromise    l>etween   the   require  :he 

generating  plant  and  of  the  individual  u?^  „  jUv 
results  in  practice  in  an  arrangement  giving  no  sdectire 
action. 

With  leakage  protective  gear,  however,  used  in  com- 
bination with  a  suitable  1;  ' ^M»s 
are  quite  difierent.     .\  fa...  ■  ^ 
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the  generating  plant  for  several  seconds  or  more  without 
danger,  whilst  at  the  consumer's  end  the  device  may  be  set 
to  operate  instantaneously  at  a  fraction  of  normal  load 
without  any  danger  of  its  causing  a  disconnection  during 
momentary  overloads.  The  settings  of  the  automatic 
devices  in  series  between  the  generators  and  the  local 
supply  circuits  can  be  graded  in  large  steps  of  current  and 
time  without  sacrificing  the  requirements  at  either  end. 

Use  of  Fixed  Time-limit  Relays. 
Fixed  time-limit  relays  have  been  employed  success- 
fullv  to  get  selective  action  between  switches  near  to  and 
others  remote  from  the  source  of  supply.  There  is  one 
essential  condition  of  success,  namely,  that  the  difference 
in  time  setting  between  two  consecutive  switches  must  be 
sufficient  to  admit  of  one  switch  completely  disconnecting 
the  circuit  before  the  other  commences  to  operate.  There 
are  several  stages  in  the  operation,  as  follows  : — 

(i)  Action  of  the  tripping  device. 

(2)  Separation  of  the  switch  contacts  after  the  catch  is 

released. 

(3)  Breaking  the  circuit  after  the  contacts  are  separated. 

(4)  Cessation  of  movement  of  the  relay  after  the  circuit  is 

opened. 

The  total  will  generally  lie  between  J  second  and  i 
second  according  to  the  design.  To  this  must  be  added 
a  margin  for  safety. 

The  several  relays  in  series  must  be  adjusted  to  give 
this  time  interval  between  the  action  of  each  and  the  next. 
The  heaviest  faults  will  be  those  near  the  generating 
station,  and  yet  these  must  remain  on  the  system  for  the 
maximum  time,  perhaps  for  several  seconds.  If  leakage 
tripping  devices  are  substituted,  however,  fixed  time-limit 
delaying  attachments  can  be  used  with  great  advantage 
as  they  ensure  positive  selective  action,  and  there  is  but 
little  objection  to  aUowing  the  limited  fault  current  to  flow 
in  the  system  for  the  necessary  interval. 

The  Earth  Connection. 

All  3-phase  systems  have  their  mid-point  earthed 
through  the  star-connected  condensers  formed  by  the 
capacity  of  the  cable,  and  on  a  fault  to  earth  a  correspond- 
ing capacit}'  current  will  flow  which  may  be  quite  sufficient 
to  operate  core-balancing  apparatus. 

If  an  earthing  resistance  is  used,  as  is  generally  the 
case,  it  must  allow  a  currant  to  pass  substantially  larger 
than  the  minimum  required  to  operate  the  automatic 
releases  of  the  switches  so  as  to  ensure  the  quick  develop- 
ment of  the  fault  and  proper  action  in  case  the  fault  is  of 
relatively  high  resistance. 

To  keep  down  static  disturbances  the  resistance  should 
be  an  effective  shunt  to  the  star  capacity  of  the  system, 
but  there  are  insufficient  data  on  metallic  arcs  in  air  and 
oil  for  us  to  lay  down  rules  on  this  point. 

A  high  resistance  absorbs  less  energy  and  is  likely  to  be 
cheaper.  The  section  of  metal  should,  however,  possess 
ample  mechanical  strength.  It  is  recommended  that  on 
e.h.t.  systems  the  resistance  should  not  pass  less  than 
50  amperes,  or  100  amperes  on  high-tension  and  medium- 
tension   systems.     In    practice    the    current  required   is 


generally  higher  than  this  on  account  of  the  higher  settings 
of  the  automatic  releases  in  large  generator  switches. 

We  are  considering  the  protection  of  independent 
feeders,  but  it  is  convenient  to  digress  at  this  point  to 
draw  attention  to  the  current  required  to  be  carried  by  the 
earthing  resistance  in  the  case  of  parallel  feeders. 

If  these  are  feeders  in  parallel  protected  at  both  ends  by 
overload  or  leakage  devices,  it  should  be  noted  that  if  a 
fault  occurs  on  one  of  them  near  that  end  remote  from  the 
source  of  supply  the  fault  current  may  be  shared  nearly 
equally  between  them,  and  as  each  will  carry  only  its 
share  of  the  current  this  share  must  be  sufficient  to 
operate  the  protective  apparatus.  For  example,  two 
o'l  sq.  in.  feeders  with  overload  devices  set  at  300  amperes 
will  have  to  carry  a  fault  current  of  600  amperes  before 
these  devices  operate,  so  that  allowing  a  margin  of  safety 
the  resistance  would  have  to  pass  say  800  amperes. 
With  leakage  protection  this  could  be  reduced  to  a  total 
of  100  amperes,  i.e.  50  amperes  per  feeder.  These  figures 
show  an  error  in  the  common  statement  that  the  resistance 
should  pass  a  current  corresponding  to  the  setting  of  the 
automatic  with  the  highest  setting. 

It  has  been  shown  that  the  use  of  leakage  devices  on 
feeder  circuits  has  many  advantages,  and  it  remains  to  say 
that  when  core-balancing  apparatus  is  applicable  it  will 
always  give  better  results  than  overload  devices. 

Leakage  Protection  for  Sources  of  Supply. 

Hitherto  we  have  been  considering  independent  feeders 
conveying  current  to  individual  distributing  or  consuming 
points.  The  core-balancing  principle  has,  however,  been 
applied  recently  to  independent  feeders  conveying  current 
from  sources  of  supply. 

Fig.  3  shows  the  device  applied  to  an  outgoing  circuit, 
and  it  will  be  seen  that  if  the  insulation  of  the  generator 
breaks  down  to  earth  the  balance  of  current  in  the  lines 
is  unaffected  and  the  switch  does  not  operate.  If,  how- 
ever, the  conductor  from  the  generator's  neutral  point  to 
earth  is  included  in  the  core-balancing  transformer  as 
in  Fig.  6,  it  will  be  found  that  the  transformer  is  now 


Alternabor        Transformer 


Feeder 


The   relay    connecCions  are 
omitted 
Fig.  6.— Source  of  Supply  protected  by  Core-balancing. 

unaffected  by  a  feeder  fault,  but  is  affected  by  a  fault 
in  the  machine  or  on  the  machine  side  of  the  transformer. 

Fig.  7,  a,  shows  the  feeder  fault,  and  it  will  be  seen  that 
the  fault  current  represented  by  the  dotted  line  goes  out 
and  returns  through  the  balancing  transformer,  whereas 
Fig.  7,  B,  shows  a  generator  fault  sending  current  in  one 
direction  only  through  the  transformer  and  thus  upsetting 
the  balance. 

Thus  core-balancing  apparatus  will  cut  out  an  individual 
faulty  load  circuit  or  source.  Fig.  8  shows  three  machines 
and  circuits  so  protected. 
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snpplv.  as  it  is  o[>erative  only  on  faults  to  eartli.     It  givc^ 
protection  only  if  the  design  of  the  upparutus   I 

; :  IS  such  that  a  breakdown  must  involve  an  earth 

fault  and  cannot  occur  umultaneously  on  ail  the  plia^a. 

Pbotectio\  of  Parallel  Fkeders. 

The  familiar  and  primitive  solution  of  this  problem 
lies  in  the  use  of  time-limit  overload  devices  at  the  end 
nearest  the  ReneralinR  station,  and  reverse-current  dexices 
at  the  reniulc  end  of  each  fce<ler.  When  a  fault  occurs 
near   the  n-mnir  end  "f  one  feed<rT  the   current   may  be 
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Several  attempts  have  been  made  to  get  over  these 
difficulties,  and  altliou(>h  not  one  of  them  presents  a 
general  solution  of  the  problem  they  are  worthy  of 
further  consideration.  The  more  important  devices  will 
now  be  described. 

Interloihed  reUixs. — Perhaps  the  •■  MCe 

IS  that  which  has  been  de-^rnbrd  |  jj 

based  on  the  principle  tl  ,rne 

length,  make,  and  cross  .  the 

current  equally.  If  the  rela\s  arc  arranged  so  that  they 
are  inoperative  except  when  this  balance  is  upset,  the 
arrangement  should  be  proof  against  all  conditions  not 
accompanied  by  breakdown  of  one  of  the  feeders  in 
question.  Overloads  and  surj^es  whether  in  (he  forw;trd 
or  rc\  • 
a  leak 
the   balance.      1  his  object   niay  be  :   or 

indirect  interlocking,  whether   by  : :ro- 

magnetic  means,  or  by  lialance  of  current  or  '.ive 

forces,  and  many  combinations  have  been  dc»iM.u  101  the 
purpose  since  the  idea  was  first  propounded.  It  is  not 
intended  to  describe  all  that  has  been  done. 
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stations  fed  in  series  tlirough  pairs  of  parallel  feeders 
A,  A,  and  B,  B,  from  a  generating  station,  the  feeders 
being  protected  by  overload  devices  at  tlie  points  marked 
X.     The  protection  for  tlic  remote  end  is  dealt  witii  later. 

If  the  overload  devices  in  each  phase  are  interlocked  as 
described  above,  it  will  be  seen  that  they  will  be  unaffected 
by  any  fault  on  the  system  other  than  one  in  the  individual 
pair  of  feeders.  For  example,  a  fault  in  either  sub-station 
will  be  fed  equally  through  the  feeders  in  either  pair 
whether  from  the  source  of  supply  or  from  running 
machinery  returning  current.  If  a  fault  occurs  at  P  in 
feeders  B,  B,  the  feeders  A,  A,  will  still  carry  equal  currents 
and  only  feeders  B,  B,  will  be  affected. 

A  further  device  is  required  to  discriminate  between  the 
two  feeders  B,  B,  and  this  may  be  obt.-^ined  by  arranging 
that  the  more  heavilj'  loaded  feeder  shall  be  cut  out,  for  it 
will  be  seen  in  the  example  illustrated  that  the  faulty 
feeder  will  carry  most  of  the  fault  current.    This  is  shown 
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Fig.  10. — Distribution  of  Fault  Current  in  Parallel  Feeders. 


in  Fig.  lo,  in  which  the  fault  currents  have  been  added, 
assuming  a  fault  to  earth  of  200  amperes. 

Fig.  1 1  shows  diagrammatically  a  relaj-  having  the  required 
characteristics.  The  operating  coils  are  excited  respec- 
tively from  the  two  feeders,  and  the  balance  arm  is  biased 
to  the  middle  position.  So  long  as  the  currents  are  equal 
the  balance  arm  will  be  unaffected,  but  with  an  increase 
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Fig.  II. — Balanced  Overload  Relay. 

of  current  on  one  side  the  arm  will  be  drawn  down  on  that 
side  and  will  close  the  corresponding  pair  of  contacts  to 
trip  the  switch  in  the  feeder  on  that  side. 

On  the  faulty  feeder  being  disconnected,  the  other 
becomes  the  more  heavily  loaded  and  some  device  is 
required  to  prevent  its  being  disconnected.  The  relay  can 
be  arranged  to  require  resetting  by  hand,  but  the  relay 
must  then  be  cut  out  whilst  a  feeder  switch  is  replaced, 
and  in  case  the  feeder  fails  at  that  moment  there  will  be 
no  protection. 

The  only  sound  method  is  to  employ  auxiliary  switches 
on  the  oil-switch  mechanism  to  bring  the  coils  into  action 
automatically.  Satisfactory  service  has  been  given  by 
such  a  device  which  automatically  converts  the  protection 


into  time-limit  overload  protection  on  one  feeder  on  the 
failure  of,  or  tlie  deliberate  disconnection  of,  the  other. 

Sfiisiti'i'dinss  of  iiilcrhiikcd  relays. —  In  practice  a  perfect 
balance  of  current  between  the  feeders  is  not  obtainable 
and  tliere  will  be  an  appreciable  excess  current  on  one 
side  or  the  other  on  a  severe  overload.  If  now  the 
maximun:  short-circuit  current  is  100  times  the  normal 
load  in  each  feeder,  and  the  feeders  balance  within  i  per 
cent,  there  will  be  on  a  dead  sliort-circuit  a  difference 
current  equal  to  the  normal  load  current,  and  the  relays 
must  not  operate  under  these  conditions. 

In  practice  the  short-circuit  current  may  exceed  this 
value  considerably,  and  on  the  other  hand  it  is  desired  to 
cut  out  faults  to  earth  with  a  moderate  current  flowing. 
Tliis  necessitates  means  for  accurate  balancing. 

The  balancing  difficulty  can,  however,  be  complete^ 
eliminated  by  a  simple  device  which  has  been  employed 
successfully  on  e.h.t.  service.  Each  feeder  is  furnished 
with  a  relay  having  two  elements,  one  an  operating  element 
and  the  other  a  restraining  element,  as  for  example  in  Fig.  12. 
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Fig.  12. — Biased  Protective  Relay. 

The  operating  coil  is  excited  from  the  feeder  which  is 
being  protected,  and  the  restraining  coil  by  the  feeder  in 
parallel  with  it.  The  arrangement  is  biased  in  favour  of 
the  restraining  coil  to  the  extent  of  sa}'  10  per  cent,  by 
placing  extra  turns  on  that  coil  so  as  to  make  it  more 
powerful  than  the  operating  coil  by  10  per  cent.  Now 
unless  the  balance  is  upset  by  more  than  10  per  cent  the 
device  cannot  operate,  and  yet  at  normal  load  the  device 
tends  to  operate  immediately  the  fault  current  exceeds 
10  per  cent  of  the  normal  load  current.  This  eliminates 
all  errors  in  balancing,  wliether  in  the  relays,  current 
transformers,  or  feeders,  and  also  the  maintenance  of 
balance. 

As  interlocked  overload  relays  are  proof  against  overloads 
or  faults  occurring  outside  the  parallel  feeders  protected,  it 
will  be  seen  that  the\'  are  particularly  suitable  for  the  pro- 
tection of  a  number  of  stations  in  series.  All  the  devices 
may  be  set  to  operate  instantaneously  and  at  less  than  the 
normal  load  current,  and  yet  none  of  them  will  operate 
except  in  the  faulty  section. 

Interlocked  leakage  relays. — Another  method  of  elimin- 
ating the  balancing  problem  is  by  the  use  of  leakage 
relays  interlocked  in  the  same  way  as  overload  relays. 
These  relays  as  previously  described  operate  only  on 
faults  to  earth,  of  which  the  extent  can  be  limited  by  an 
earthing  resistance.  The  relay  settings  will  be  in  the 
neighbourhood  of  the  maximum  fault  current,  and  thus 
even  a  10  per  cent  unbalancing  is  quite  negligible.  Seeing 
that  most  cable  faults  are  faults  to  earth,  and  that  of  the 
faults  between  phases  most  develop  first  or  simultaneously 
as  faults  to  earth,  this  arrangement  will  successfully 
remove   the   large  majority  of  feeder  faults  and  is  proof 
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this  limit,  the  rcUy«  wilt  he  oi  no  Mrrvice. 

Metal  to  inrtal  »liort-circuit>  and  !>oine  failures  of 
in»uUt(>r>   oir   i>l   llii>  clidTJcter.     If,  however,   the   fault 

^5  forces  avail- 
o  {(real   ihat   a 
Miiul>l«  >ic>ir:iicU  iclav  v^ilt  get  lis  Wixk  done  during  that 
period. 

It  i»  to  be  observed,  hoM-evcr,  that  if  the  potential 
windings  are  excited  from  the  delta  connections  there 
will  be  no  extinction  of  the  voltage  on  a  fault  to  earth. 

The  difficulty  due  to  loss  of  voltage  has  been  dealt  with 
in  another  way  with  promising  results.  One  may  almost 
count  on  having  :i  working  margin  of  voltage  for  at  least  a 
fraction  '-"f  s  cvclc.  and  the  problem  is  to  ensure  that  thi^ 
!  ation  of  the  relay.  This  is  etTectcd  by 
^.4  parts  unstable  at  low  voltage,  so  that 
any  movement  initiated  is  completed.  At  full  voltage  the 
moving  parts  mu>t  be  stable  so  as  to  ensure  restoration  of 
the  relay  and  freedom  from  trouble  due  to  vibration  and 
sudden  changes  of  load.  Such  relays  tiave  given  satis- 
factory operation  for  a  numl>er  of  years. 

T' ■  •vement>  render   the   reverse   relay  almost 

indt;  I  voltage.     The  application  of  the  interlock- 

ing idea  renders  them  unaffected  by  current  fed  back 
from  sub-stalion  plant  and  of  surges  in  either  direction. 

Fig.  1}  illustrates  diagrammatically  the  interlocking  of  a 

pair  of  reverse-current  relays  suitable  for  the  control  of 

the  remote  end  of  the  feeders  in  Fig.  9.      The  current 

:ii.-rs  111    the    two   feeders  are  so  connected  that 

.  >rnially  circulates  between  them. 

1  tie  i(.Uy>  and  trip  coils  are  connected  in  shunt  to 
them.  In  cim:  oI  unbalancing,  the  difference  current  is 
taken  tliruu^li  the  relay  winding  and  contacts  which  are 
normally  cloM.-d.  The  trip  coils  are  in  shunt  across  the 
respective  relay  contacts,  thus  a  trip  coil  cannot  be 
energuid  unless  there  is  the  combination  of  an  un- 
balanced current  due  to  leakage  and  the  operation  of 
the  1 .  il.     The  difference  current  is 

111    -  ''"g   upon    which  feeder   ha» 

failed,  .13  (u  ui^KTiaic  llic  iclay  on  the  faulty  feeder  and 
to  icslrain  the  other.  Thus  the  faulty  feeder  is 
disconnected. 

It  will  be  found  that  even  if  reversal  occurs  in  both 
feeders  the  relay  carrying  the  fault  current  is  the  only  one 
which  will  operate.  Tiie  faulty  feeder  will  carry  the 
heavier  reverse  current,  and  thu3  the  difference  current 
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Wliilst    well  -  designed     reverse  •  ctirrerf     re!;iy-     with 
potential  windings  will  deal  succe 
of  faults,  It  is  to  be  noted  that  the  ' 

cannot  cope  are  just  those  most  likely  to  occur  as  the 
result  of  bad  design,  bad  workmanship,  defective  material, 
and  carelessness,  and  are  al»o  those  most  disastrous  in 
their  results.     Workmen  omit  to  remove  earthi:  . 
cle;irances  and  oil  switches  are  made  too  small,  ; 
is  defective,  lianiage  is  caused  by  carv  .iig,  4ud 

dead  short-circuits  occur.      The  relay   :  aunot  be 

blamed,  but  there  is  no  satisfaction  for  the  consumers 
whose  power  supply  has  been  interrupted,  or  for  the 
suppliers  who  have  lost  x'aluabic  plant. 

FRUTECTIOX  of   IN'TERCOXNECTORS  AMD  KiN'>.   Uaivs. 

As  the  energy  flow  in  a  sound  intercon nectar  or  ring 
main  may  be  in  cither  direction,  varyini:  :bu- 

tion  of  load,  reversal  i»  no  longer  .1   •  .\ 

leak  of  sufficient  magnitude  ni  > 

that  energy  may  tlow  into  the  :  .         -    i.:.. 

ends.    This  condition  is  a  sure  criterion  of  a  heavy  fault. 

.Attempts  have  been  made  to  utilue  this  fe,ir —  ■       '>tain 
selective  action.     Fig.  14  illustrates  dugrani:  -jch 

an    .11  it.      Uisci .  relays    k.    K.    K.   are 

in'la!  !  end  of  ■  11  of  feebler    and  il'>»<- 


the  individual  relay.     I'he  tripping  circuits  are 

nectcd  by  a  single  (Mlot  wire,  and  in  such  a  way  :..^.  .... 

circuit  is  completed  only  if  both  relays  operate. 

So  far  as  the  author  is  aware  this  aim-  ■ ■  '-as  never 

been   employed.     It   combines  the  di-  ~  ol   the 
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reverse  relay  with  those  of  the  pilot  wire.  It  is  inoperative 
except  on  faults  large  as  compared  with  the  load  current, 
and  means  are  required  in  practice  to  ensure  the  simul- 
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Fig.  14.— Protection  of  Iiiterconncctor  by  Discriminating 
Relays  and  Pilot  Wire., 

Connections  are  shown  for  one  phase  only. 


taneous  operation  of  the  pair  of  relays  even  under  condi- 
tions of  rapidly  fluctuating  energy  flow,  or  the  alternative 
of  a  positive  delaying  device  to  meet  the  same  condition. 

The  B.al.vnced  Volt.^ge  and  Circulating  Current 
Systems. 

The  pilot  wire  may  be  employed  more  profitably  to  take 
a  sample  of  current  from  one  end  of  the  feeder  to  the 
other  for  use  as  a  standard.     The  current  at  the  remote 
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Fig.  15. — Protection  of  Interconnector  by  Balanced-voltage 

System. 

Connections  are  shown  for  one  phase  only. 

end  may  then  be  compared  with  the  sample  to  determine 
whether  the  direction  or  magnitude  of  flow  is  the  same. 
The  latter  is  the  better  course  as  the  magnitude  changes 
with  the  smallest  leakage,  but  the  direction  will  only 
change  with  a  relatively  large  leakage. 
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Connections  are  shown  for  one  phase  only 

Fig.  16.— Machine  Wmding  and  Cable  protected  by  Circulating- 
current  System. 


This  is  the  basis  of  the  well-known  Merz-Price  protec- 
tive system.  The  input  and  output  of  a  given  feeder  will 
always  be  equal  unless  there  has  been  leakage  either  to 
earth  or  between  phases.  The  comparison  may  be  carried 
out  in  various  ways,  but  in  practice  these  have  been 
resolved  into  two  systems,  namely,  the  balanced-voltage 
and  the  circulating-current  systems. 


Current  transformers  are  inserted  at  the  two  ends  of  the 
conductor  to  be  dealt  with  and  are  connected  through  the 
pilot  wires.  In  the  balanced  voltage  system  diagrammati- 
cally  illustrated  in   Fig.   15   the  current  transformers  are 
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Fig.  17. — Alternator  protected  by  Circulating-current  System. 

connected  in  opposition  and  the  relays  in  series  with  them. 
In  the  circulating-current  system  illustrated  in  Fig.  16  the 
transformers  are  so  connected  as  to  circulate  the  current 
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Fig.  18. — Aji  Transformer  protected  by  Circulating-current 
System. 

between  themselves  under  normal  conditions.  The  trip 
coils  are  connected  in  shunt  between  equipotential  points 
and  carry  only  the  difference  current  corresponding  to  the 
leak.     The  balanced-voltage  system  is   best   adapted   for 
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Kio.  i<>. — A  Y  Tnujsiormcr  protected  by  Circulating-cuiiciil 
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As  this  apparatus  la&  been  fully  described  recently,  it  is 
unnecessary  to  enter  into  further  details.  Fig.  17  shows  a 
typical  airangcmcnt  for  the  protection  of  alternators,  and 
FitJv  18  and  19  are  for  transformer  protection.  Fig.  20 
sliows  a  novel  combination  for  the  protection  of  a  large 
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Fi,;    ?..  ^tjirge  Alternator  with  Step-up  Transformer  and  Cable 
acd   together   by   the   Circulating-current   l^rotcclive 

cm. 

CoalMCUoQA  arc  fchowa  far  one  phase  ooJy. 

generator  aud  a  step-up  transformer.  The  generator  has 
two  winding>  111  1..  ,  account  of  the  heavy  current 

to  be  dealt  wilti.  .t  of  one  winding  is  compared 

with  the  total  output  ut  the  e.h.t.  Mdc  of  the  trans- 
former. .\ny  ch.inge  in  the  ratio  of  the>e  will  indicate  a 
l>icak<1<'\Mi  <.iii.i.i  111  the  transformer  or  the  machine,  and 
the  e.h.t.  oil  swULh  will  be  actuated. 
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Fig.  21    >huw»   an   arrangement   ir  ^iiiilat   to 

FiR.  f)   'X>:i]M   that   there   is  an  alti-i:  i'l'I.V  'o  the 

bii-  .-^h  iiiterconnectors.     In  this  case  complete 

prt;--: ;  the  parallel  feeders  may  be  obtained  by  the 

u«e  of  overload  relays  with  the  interlocking  combination 
installed  at  both  end>  of  the  feelers,  as  the  faulty  feeder 
will  altt-ays  carry   the  heavier  current  at  iKith  ends. 

T'  -    not   imniediatelv  apply,  however. 

Sup,  ^c  to  one  end,  as  at  K* :  the  feeders 
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character.  We  can  obtain  a  teclinicallj-  and  practically 
satisfactory  combination  by  the  use  of  interloclced  excess- 
current  devices  at  both  ends  of  the  pair  of  feeders  and 
without  further  selective  apparatus  if  we  regard  the  pair 
of  conductors  as  the  unit  of  which  the  distributing  system 
is  to  be  composed. 

For  example,  a  ring  main  run  in  duplicate  may  be  so  pro- 
tected. Seeing,  however,  that  both  conductors  will  be 
disconnected  when  a  fault  occurs  in  either,  the  economical 
solution  is  found  in  the  ingenious  suggestion  of  putting  the 
two  conductors  in  one  cable  and  liglitly  insulating  each 
from  the  other. 


Split-conductor  Protective  System. 

This  gives  us  the  split-conductor  protective  system  and 
up  to  the  present  the  best  solution  of  the  problem,  for 
not  only  does  this  solution  give  an  arrangement  appli- 
cable to  ring  mains,  interconnectors,  and  duplicate  feeders 
— in  fact,  to  all  systems  of  distribution — but  it  gives  an 
arrangement  absolutely  selective  and  so  sensitive  as  to 
perform  this  function  instantaneously  at  a  fraction  of  the 
normal  load  current. 


Fig. 


-Standard  20,000-volt  O'l  sq.  in.  Cable 


The  system  requires  the  employment  of'  a  cable  of 
special  construction,  or  in  the  case  of  overhead  lines  a 
special  arrangement  of  conductors.  The  construction 
involves  but  a  slight  departure  from  that  commonly 
employed,  and  consists  in  the  splitting  or  separating  of 
each  conductor  into  two  parallel  portions  lightly  insulated 
from  one  another. 

Fig.  22  herewith  illustrates  a  standard  o'l  sq.  in.  cable 
suitable  for  20,000-volt  distribution.  Fig.  23  illustrates 
a  similar  cable  constructed  for  use  under  the  new  system, 
and  it  will  be  seen  that  each  core  is  split  (hence  the  name 
"Split-conductor  protective  system").  The  cable  is  con- 
structed with  an  oval  concentric  core,  this  construction 
giving  the  best  distribution  of  potential  strain  in  the  insula- 
tion. In  small  sizes  this  is  especially  valuable,  and  dis- 
penses with  the  necessity  for  a  hemp  core  within  the 
copper  conductor.     Such  cables   are   being  manufactured 


at  a  cost  but  slightly  exceeding  that  of  the  standard 
pattern,  suitable  for  a  wide  range  of  voltages  and 
currents. 

Principle  of  operation. — The  principle  of  the  system  is 
illustrated  diagrammatically  by  Fig.  24,  which  shows  the 
connections  for  one  split  conductor.  The  split  conductor 
is  connected  at  each  end  to  the  usual  switchgear  equip- 
ment, consisting  of  oil  switch,  busbars,  etc.,  through  a 
special  current  transformer.  The  current-transformer 
core  has  two  primary  windings,  to  which  the  two  halves 
of  the  split  conductor  arc  connected,  and  the  core  carries 
also  a  secondary  winding  connected  to  a  relay  controlling 
the  oil-switch  trip  coil. 

Under  normal  conditions,  as  in  Fig.  24,  current  entering 
the  feeder  at  one  end  divides  equally  between  the  two 
parallel  paths,  being  united  again  on  the  remote  side  of  the 


Fig.  23. — Standard  20,000-volt  O'l  sq.  in.  Split  Conductor. 

second  current  transformer.  In  each  transformer  the 
magnetizing  effects  of  the  two  primary  coils  are  equal  and 
opposite,  thus  the  transformer  offers  no  impedance  to  the 
current  flow,  and  the  secondary  windings  and  relays  are 
unaffected. 

In  case,  however,  a  fault  develops,  for  example  at  the 
point  A  in  Fig.  25,  the  fault  current  flowing  towards  A  will 
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Fig.  24. — Split-conductor  System — Sound  Feeder. 

upset  the  balance  of  current  between  the  two  primary 
windings  in  each  transformer,  thus  producing  a  magnetiz- 
ing effect  on  the  secondary  windings  and  exciting  the 
relays. 

The  transformers  also  serve  a  second  function  in  case 
the  fault  occurs  near  one  end  of  the  split  conductor,  as  at 
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KiG.  36. —  S|>lit-condut.1t>r  S\-klciii — KjuIi  at  oik-  Etid. 

A^  ihc  cores  arc  not  iiugiictixc-d  under  normal  running 

-,  there  is  no  core  loss.     In  practice  the  core  is  of 

v......~.  :orn>,  and  the  primar)'  and  sccondar)'  windings  are 

superpo>e«i. 

Fig.  2y  illu>lrates  an  arrangement  of  apparatus  suitable 
for  a  o.ooovull  ;-plia!>e  service  in  which  the  three  special 


Cores  &pri>n«ri^ 

I    mndin^ 

•    windings 
;   oiX  shown 


I 


O 
> 


^ 


-i-i- 


* 


-g-a~ 


I        °    a        I 


^ 


3    n 


Flii.  !».— P<>le-liiit  I 


■le  0\-erhtad  Line 


A>  a  general  solution,  however,  the  twin  conductors  are 
carried  on  common  insulators  and  but  lightlvin»uUted  ooe 
from  the  other.  Spacers  of  insulating  luatrriol  ore  inserted 
at  iiiter\-als  between  supports  to  keep  the  wires  apart. 
Fig.  . 
carrii. 

of    the    lusulatui ».     ll    a   Mill.    i>   ' 
ground  the  line  will  be  cut  out  i.\<. 

transfomiers,    one    for    each    phase,   are    mounted   in    a       foils  to  make  a  good  earth.     This  adds  molenallr  to  ibr 

common    ca>e.      For    higher    voltages,    and    where     the       protection  of  the  public. 

apparatus  is   mounted   with   a  greater  distance   between  The   simplicity  of   this  arrangement   should   be  noted. 

its  centres,  separate   transformers   nuv  l>e   furnished  for       There  ore  no  pilot  wires  and  no  potc- • 

the  three  phases.  Tlu-  relays  are  plain  overload  devicc>  i 


KiG.  <7.— Split-cooductor  Pfxitcctioa  (or  3-pha>c  6,6oo-volt 
Circuit. 
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adjustment.  The  transfoimers  can  generally  be  built 
with  bar  primary  windings,  a  construction  whicli  gives 
the  maximum  of  simplicity  and  safety.  The  secondary 
windings  arc  subjected  to  no  forces  except  on  the  occur- 
rence of  a  fault  in  the  individual  feeder  which  has  to  be 
protected,  however  severely  the  system  may  be  disturbed. 

It  is  difficult  to  connect  up  the  apparatus  incorrectly,  but 
should  the  connections  be  crossed  by  mistake  the  switch 
will  open  immediately  any  attempt  is  made  to  put  the 
feeder  into  service,  and  thus  the  mistake  will  be  discovered. 

Ollwr  forms  of  split  conductor. — It  is  not  essential  that  the 
conductor  should  be  divided  into  equal  sections.  If  one 
section  be  made  saialler  than  tlie  olher,  say  reduced  to  a 


Fig.  29. — Details  of  Insulator  shown  in  Fig.  28. 

single  wire,  this  wire  may  be  carried  always  within  the 
other  portion  which  will  surround  it.  Any  fault  to  earth 
or  between  phases  must  occur  on  the  outer  portion  ;  thus 
it  is  unnecessary  to  provide  for  excess  current  in  the  inner 
portion. 

We  may  now  substitute  a  relay  of  the  balanced  type 
shown  in  Fig.  12.  We  connect  the  restraining  coil  to  the 
inner  wire  and  the  operating  coil  to  the  outer  conductor. 
The  relay  may  be  biased  to  an  extent  which  fully  covers 
all  possible  unbalancing,  thus  removing  all  occasion  for 
balancing  tests. 

This  arrangement  is  not  quite  so  good  as  that  above 
described,  as  the  transformers  cannot  be  constructed  with 
bar  prima; y  windings,  that  for  the  fine  wire  requiring  a 
m  iltiple-turn  primary.  On  small  installations  such  as 
colliery  and  industrial  plants  where  the  conditions  accom- 
panying short-circuits  are  not  so  severe  as  they  are  on  the 
large  power  suppty  schemes,  this  objection  disappears,  and 
advantage  may  be  taken  of  the  cheapening  of  the  cable  and 
the  elimination  of  balancing.     This  applies  equally  where 


such  plants  receive  supply  from  the  power  companies,  as 
the  severest  short-circuit  conditions  are  only  met  with  near 
the  generating  stations. 

The  balancing  problem  now  presents  no  difficulties, 
although  in  the  experimental  stage  some  were  experienced. 
It  is  necessary  to  balance  both  the  reactance  and  the 
resistance  of  the  twin  conductors  as  it  is  the  vector 
difference  which  is  operative.  Tliis  requires  no  attention 
in  overhead  lines,  and  is  successfully  accomplished  by  the 
adoption  of  simple  precautions  in  the  manufacture  of 
the  cables. 

The  Ideal  Combination  of  Apparatus. 

Whilst  a  number  of  devices  have  now  been  considered, 
some  of  them  by  no  means  simple  in  design  or  application, 
it  will  be  found  that  to  meet  all  the  ordinary  and  emer- 
gency requirements  of  electric  supply  there  are  now 
available  a  series  of  devices  simple  in  character,  well 
proven  in  service,  and  giving  a  degree  of  protection 
hitherto  quite  unattainable.     The  series  is  as  follows: — 

{a)  For  the  protection  of  all  closed  feeder  circuits — the 
split-conductor  system. 

{b)  For  the  protection  of  all  open-ended  feeder  circuits, 
including  individual  motor  circuits,  isolated  trans- 
formers, rotary  converters,  and  the  like — the 
core-balancing  system. 

(c)  For  the  protection  of  generators  and  banks  of 
transformers — the  circulating-current  system. 

The  advantages  of  the  above  combination  may  be 
summarized  as  follows  : — 

(i)  All  the  apparatus  is  simple  in  character. 

(2)  All  the  apparatus  is  self-contained  and   completely 

independent  of  that  on  other  circuits. 

(3)  All  the  apparatus  may  be  adjusted  before  installation. 

(4)  No  feeder  pilot-wires  are  required. 

(5)  The   relays  are   all   simple   contact-making  devices 

operating  on  excess  current  and  are  of  the  same 
character  throughout.     In  many  cases  direct-acting 
trip  coils  can  be  substituted. 
.     (6)  The  relays  are  not  subjected  to  any  forces  until  they 
are  called  upon  to  operate. 

(7)  None  of  the  devices  are  affected  by  surges. 

(8)  None   of   the   devices   are  affected  by   variations  of 

voltage  or  of  power  factor. 

(9)  None  of  the  devices  are  affected  by  faults  occurring 

outside  the  sections  that  they  control. 

(10)  All  the  devices  will  deal  with  faults  between  phases 

or    to    earth    on    systems    with    any   number    of 
phases. 

(11)  All  the  devices  are  instantaneous  in  operation. 

(12)  All  the  devices  will  operate  at  currents  comparable 

with  and  generally  materially  less  than  the  normal 
load  current. 
{13)  If    incorrect    connections    are    made   this    vi'ill    be 
discovered  on  the  first  trial  run. 
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to  a  very  iaige  cxient,  although  I  have  not  t>eeii  there  lor 
two  or  tiirec  years,  they  still  use  such  apparatus.  In  this 
couotry  in  our  industrial  districts  the  development  has 
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lent   state  of 
the  IS  such  as  tha; 

by  '.  ...  ill  fact,  it  Is  .. 

essi  c.     The  question  therefore  of  whethi 

an>    , ...:ii  of  apparatus  such  as  the  author  ha- 

descf  ibcd  should  be  adopted  is  not  primarily  a  question  of 
which  is  the  cleverest  device   technically,   it  :■.    " 
much  deeper  ttuii  that.     It  is  not  a  question 

-,  but  of   > 
s  the  lay 

y  niodilied  so  as  to  pro- 

,1  to  loo  times  or   i.ooo 
o*  the  actual  protective  apparatus  selected. 
...  attention  to  that  general  aspect  of  the  problem 
because  it   is   much   more    tlian  a   question   of    whether 
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purely  a  question  ol  the  relation  t>etween  the  loa 

and  the  fault  current,  and  the  potential  of  the  i^ -. 

the    point  where    the    "  cartti "  occtirs,    that    detetminc 
wla-ther  the  current  shall  flow  hack  fr  >     -  ■ 

bu>l>ars  to  the  lault   or   whether  the    : 


I  wish  to  potnt  out  is  that,  to  whatever  extent  we 

..^....otht-  '■■I'      ■-rent,  tothe  same  eJtten!  •■  -  •■       -the 
appaiatu>  and    introduce  the  pi-  tl»e 


at  once  disconnected  without  waiiui;.'    tor 
relay  to  operate.     This  is  a  \ 
judgment  it  is  rather  scriousl\ 
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mentioned  above.  Perhaps,  however,  the  author  will 
correct  me  if  I  am  wrong,  or  if  he  has  any  suggestion 
to  make  which  will  mitigate  the  trouble.  I  should  par- 
ticularl)'  like  him  to  give  me  his  opinion  as  to  the  following 
arrangement  where  four  parallel  trunk  mains  arc  run 
between  two  generating  stations ;  that  is,  practically  an 
interconnecter  consisting  of  four  parallel  trunk  mains.  I 
do  not  see  why  an  arrangement  consisting  of  a  core- 
balancing  transformer  at  each  end  of  each  of  the  four 
trunk  mains  operating  in  each  case  on  an  independent 
relay,  supplemented  by  overload  relays  on  each  phase  of 
each  feeder  in  the  ordinary  way  as  a  stand-b}',  should  not 
be  a  satisfactory  solution ;  it  would  be  verj'  simple,  be- 
cause the  feeders  are  already  equipped  with  overload 
relays,  and  the  core-balancing  transformers  could  be 
placed  round  the  feeders  without  introducing  any  further 
element  of  weakness.  It  appears  to  me  that  where  there 
are  four  feeders  in  parallel,  no  matter  on  what  part  of  any 
of  these  feeders  the  fault  may  occur,  there  must  always  be 
three  times  the  fault  current  tlirough  the  sub-station  relay 
on  the  faulty  feeder  that  there  is  through  the  relays  on 
any  of  the  other  three,  which  should  sufficiently  discrimi- 
nate between  them,  the  sub-station  end  of  the  faulty 
feeder  only  being  disconnected.  Directly  this  occurs, 
however,  the  generating-station  end  follows.  Since  the 
arrangement  is  absolutely  reversible  it  does  not  matter 
which  is  the  generating  end  and  which  is  the  sub-station 
end,  the  generating  end  at  any  instant  being  always 
understood  to  be  the  one  from  which  energy  is  most  likely 
to  flow  to  the  fault. 

Mr.  E.  G.  Waters  :  I  have  investigated  in  a  small  way  the 
subject  of  protective  gear.  My  first  attempt  was  the 
balancing  of  duplicate  feeders.'-  I  notice  that  although  this 
subject  is  referred  to  in  the  paper  one  or  two  good  points 
that  have  been  evolved  have  not  been  mentioned.  The 
diagram  herewith  (Fig.  A)  illustrates  what   I   mean.     The 
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core-balancing  current  transformers  in  each  feeder  are 
provided  with  two  secondary  windings.  One  pair  are 
coupled  together  "in  opposition"  through  one  coil  of  a 
relay;  the  other  "  in  assistance  "  through  a  second  coil  of 
the  relay.  These  coils  are  arranged  in  a  similar  manner  to 
those  of  a  standard  reverse-current  relay,  but  as  both  coils 
are  supplied  from  current  transformers  the  action  of  the 
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circuit 

Fig.  B. 

relay  is  quite  independent  of  voltage  and  power  factor. 

Referring  to  the  subject  of  reverse-current  relays.  Figs.  B 

and  C  indicate   diagrammatically   an  arrangement   which 

*  A  full  description  was  given  in  the  Electrician,  vol.  73,  p.  2'jo,  1914. 


renders  the  relays  as  nearly  as  possible  independent  of  Mr.vvati 

voltage.     It  will  be  seen  tliat  the  pressure  coil,  V,  and  one  1 

current  coil,  C,  form  a  simple  reverse-power  relay.     Upon 

a  reversal  of  current  in  coil  C  the  second  current  coil 

really  usurps  the  function  of  the  pressure  coil  as  soon  as 

the   slightest  movement  of  the  pivoted  arm  takes  place.  | 

Stated  briefly,  the  pressure  coil  gives  one  or  otlier  of  the 
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Fig.  C. 


current  coils  a  bias  to  move,  whereupon  the  interaction  of 
the  current  coils  completes  the  movement  of  the  contact 
arm  even  though  the  voltage  falls  to  zero.  As  regards  the 
split-conductor  system,  the  feature  that  I  notice  in  connec- 
tion with  Fig.  23,  as  compared  with  Fig.  ;!2,is  the  increased 
surface  of  the  conductors.  I  should  imagine  that  that 
would  increase  very  considerably  the  capacity  current  and 
consequently  the  dielectric  losses.  If  that  is  so,  it  puts  the 
commercial  use  to  a  lower  figure  than  the  ordinary  type 
shown  in  Fig.  22  ;  but  I  should  be  glad  if  the  author  would 
refer  to  that  point  in  his  reply.  In  connection  with  special 
cables,  I  have  also  developed  a  system  using  the  inductive 
effects  of  the  leakage  current  in  the  cable  to  trip  a  relay 
through  the  medium  of  a  separate  conductor  of  small  area 
in  the  main  cable.  Both  these  systems  have  been  adopted 
on  large  supply  systems,  and  I  hope  to  be  able  at  a  later 
date  to  describe  the  results. 

Mr.  A.  G.  CoLLis  :  I  suggest  that  the  title  of  the  paper,  Mr. ' 
namely  "  Automatic  Protection,"  admits  of  too  wide  an 
interpretation,  and  that  the  use  of  this  term  implies  more 
than  is  expected.  In  this  connection  I  notice  that  the 
author  frequently  uses  the  word  "  instantaneous,"  and 
uses  it  finally'  in  his  summary.  The  most  positive  relay 
which  has  come  under  my  notice  takes  about  o'<\  second  to 
operate,  and  the  time  occupied  by  the  gravity  action  of  a 
switch  is  something  like  0'6  second,  hence  we  have  a  total 
time  of  one  second  for  the  period  of  operation  of  these  two 
devices  independently  of  any  other  consideration.  We  know 
that  the  rate  of  increase  of  the  current  is  something  of  the 
order  of  850,000  amperes  per  second,  so  that  the  circuit  is 
not  disconnected  before  an  appreciable  rise  has  taken  place. 
Moreover,  by  that  time  destructive  forces  have  appeared  at 
the  switch  break.  The  existence  of  these  forces  was 
anticipated  by  Lord  Kelvin,  who  referred'"  to  the  coreless 
vortices  obtained  by  the  motion  of  a  solid  through  an 
inviscid  incompressible  fluid,  and  these  forces  are  par- 
ticularly interesting  inasmuch  as  the  nature  of  the  arc  and 
its  formation  changes  with  the  type  of  contact  used.  I 
have  taken  out  a  series  of  experiments,  and  photographs 
showing  the  effects  of  the  force  distribution  in  the  neigh- 
bourhood of  the  switch  break  are  on  the  table.     Electrical 

*  Sir  W.  Thomson.  On  the  formation  of  coreless  vortices  by  the 
motion  of  solid  through  an  inviscid  incompressible  fluid.  Proceedings 
of  the  Royal  Society,  vol.  42,  p.  83,  1887. 
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that  which  iv  iit  of  the  !icr\  i  oni.    Thit 

>tatriuent  pli-^^v  ^  ihl  >>.-ry  much  a>  I  lia\<.    ,■^.^.,i  interested 

for  M>nie  time  in  the  protection  of  a  service  bv  the  use  ol 

■    'V  Mr. 
•  uin  !■> 
f,  aiiil    111 
I    without 
iioi  'utors.     Tlie  author  relers  to  fuses  as  having 

no  d -iiing  value,  ytt  in  Fig.  17  he  shows  the  fuse-> 

in  (he  pilot  circuits.  1  take  it  tliat  he  has  some  special 
discriminating  values  connected  with  these  particular 
fuses.  He  also  refers  to  the  question  of  the  earth  resist- 
ance. This  involves  a  discussion  of  cirtlied  irr>us  unearthed 
neutrtils  Sincr  however,  he  rcfer>  to  it  in  connection 
pears  to  be  very  little  discrimination 
i  as  the  resistance  must  carry  the 
maximum  load  of  any  feeder  to  which  it  is  connected  ; 
thus,  assuming  a  distributing  system  in  which  the  rating  of 
the  feeders  varies  from  500  amperes  to  50  amperes,  the 
brger-size  resistance  would  have  to  be  used,  and  hence 
the  smaller  (50  ampere  1  feeders  would  have  to  carry  a 
current  that  is  determined  by  the  larger  (500  ampere) 
feeder*,  which  is  very  undesirable.  Again,  there  is  the 
atroduction  of  resonance,  where  the  capacity  and 
i^c  arc  such  that  the  currents  when  both  the 
inductance  and  the  capacity  arc  short-circuited  are  equal, 
with  an  introduction  of  the  high  harmonics  nine  times 
the  fundamental.  Is  not  spht-core  protection  more  suit- 
able for  overhead  trai.  -  than  for  un  '  .! 
fee<ler<  '     Refernne  to                     \periment<,  I  I 

i.u  lor  a  defect  lo  Ix- 

;lie  external  al^  Can 

tni>  done  by  means  of  the  author's  system  of 

cort  , .    : II  ? 

lir.  H.  Brazil  :  One's  first  impression  on  reading  the 
conclusions  at  the  end  of  this  paper  is  that  all  our  troubles 
with  regard  to  protecting  a  system  from  short-circuits  and 
■'earths"  are  at  an  end.     When,  however,  one  .i' 
study  in  detail  the  many  systems  de>cribed  by  ; 
do;;*  to  arise,  the  final  i;:  -at  any  rale  in 

my  —being  one  of  bew  t,  and  the  final 

coiicluMon  that  the  whole  thing  is  somewliat  complicated. 
I  should  hke  to  make  a  few  remarks  on  th*  split-conductor 
system,  which  is  very  novel  and  ingenious,  but  which  has 
not  hitherto  been  tried  to  any  great  extent.  The  author 
states  that  the  special  cable  costs  only  slightly  more  tlian 
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of  the  old  system  with  l.\c..>i-.h  >ii' 
to  put  in  a  few  words  in  its  favour 
sC'>se>  the  advaiila^;c  of  l' 
plicity,  and  although    I 
system  having  a  vci 
such  as  exist  on  iIk     < 
systems  descnbed  by  the  author  i^ 

where  distribution  is  from   sub-s:.^ -   - 

verters,  I   think  the  simpler  form  o(  overload 

is  desirable.     On  page    ifto  the  a  .■'  ■  .' 

case  of  two  parallel  feeders  with 

300  amperes  it  will  Iht  ni 

to  pass   Soo  amperes, 

extreme  end  of  the  fet 

stalion  and  that  the  tw>  .  , 

he  then  allows  300  anif^res  for  safety.     \VI.. 

ing  that  under  these  circumstances  with  an  t- ^  .... 

ancc  of  the  iron-grid  type  having  a  positive  temperature 
coefficient,  this  may   be  necessary,  I  w      '  '  '    '   .' 

if    un   earthing  resistance   having  a  ni . 
I  is    employed,   it    need    not    p.4»    j. 

■  :  fs  at  the  moment  a  fault  occur<.     A 

of    the   carlxin-powder   type   could   be   de- 
300  amperes  when   cold,  which  would    bc 
most  faults,  and  yet  if  a  fault  occurred  at  the  end  ot  the 
parallel  feeders,  the  current  would  in  a  few  seconds  rise 
to  <KX)  or  800  amperes,   making   cerlam    that    the   cable 
ired."     The  objection  :■         ' 
at    would    not    give    in- 
bul   1   would  point  out  that  : 
limit   devices  to   prevent    tlu 

if  the  fault  is  a  momentary  one  and  dears  iiseli.  In 
my  experience  many  such  faults  occur,  cm>c.:iI]v  on 
the    e.h.t.   busbars  in  sub-sutions,   and    I  the 

time  limit  a  great  help  in  maintaining  ..^.i...i-..y  o* 
supply. 
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Mr.  L.  Murphy  :  The  author  has  described  some  excel- 
lent devices  the  value  of  which  has  been  proved  in  prac- 
tical working,  and  any  technical  criticism  which  may  be 
made  must  therefore  be  directed  to  the  operation  of  these 
devices  under  conditions  tliat  only  very  rarely  occur.  In 
most  instances  he  has  shown  good  reasons  why  the  appa- 
ratus described  will  operate  when  a  fault  occurs,  but 
unfortunately  he  has  somewhat  neglected  the  other 
important  aspect  of  protection,  that  is,  to  show  that  the 
devices  are  not  hkely  to  operate  under  any  conditions 
which  occur  on  a  healthy  system.  To  have  a  healthy 
machine  or  cable  disconnected  by  the  wrong  operation  of 
a  relay  is  possibly  as  bad  an  occurrence  as  when  a  relay 
fails  to  isolate  faulty  gear.  In  connection  with  this  aspect 
of  the  question  I  consider  that  the  circulating-current 
system  of  protection  for  generators  is  hardly  as  satisfactory 
as  the  use  of  properly-designed  reverse-current  relays. 
1  lie  accidental  opening  of  a  current-transformer  secondary- 
circuit  will  cause  a  shut-down  of  the  machine  in  the  circu- 
lating-current scheme,  and  it  should  be  remembered  that 
the  secondary  connections  are  never  so  substantially  made 
as  to  preclude  entirely  the  possibility  of  this  occurring.  In 
addition,  it  appears  that  the  circulating-current  system 
affords  no  protection  against  reversal  which  may  be  due  to 
any  other  cause  than  armature  faults,  such  as  failure  of 
motive  power  or  e.\citing  current.  There  is  also  con- 
siderable extra  complication  involved  in  the  subdivision 
of  the  generator  neutral  and  in  the  provision  of  six  instead 
of  only  three  current  transformers.  I  consider  that  the 
author  has  given  an  entirely  false  impression  with  regard 
to  the  behaviour  of  reverse-current  relays.  These  instru- 
ments still  form  the  most  satisfactory  and  complete  form 
of  generator  protection  available,  and  may  be  used  with 
conlidehce  for  open-ended  duplicate-feeder  protection  if 
suitably  rated,  particularly  if  there  is  additional  reactance 
connected  in  the  lines.  He  also  criticizes  them  because 
he  affirms  that  they  do  not  operate  at  any  current  when 
the  voltage  falls  to  zero,  but  it  may  interest  him  to  know 
that  at  least  in  one  case  with  which  I  am  familiar  the  relay 
may  readily  be  arranged  to  operate  at  zero  voltage  with 
five  times  the  value  of  the  operating  current  for  normal 
voltage  setting.  Of  course,  all  discriminating  action  then 
disappears,  but  the  presence  of  the  very  least  pressure  on 
the  potential  terminals  is  sufficient  to  polarize  the  relay 
and  considerably  reduce  the  operating  current,  and  I  cannot 
imagine  an  instance  where  the  voltage  will  be  absolutely 
zero  with  any  appreciable  flow  (jf  current.  Much,  if  not 
all,  of  the  trouble  arising  from  reverse-current  relays 
operating  on  surges  would  disappear  if  users  would  adopt 
higher  settings.  There  is  often  no  possible  objection  to 
the  use  of  settings  of  as  much  as  60  per  cent  or  even 
greater  amounts  in  certain  instances,  so  long  as  the  relays 
employed  are  truly  of  the  reverse-current  type  of  which 
the  current  settings  are  not  appreciably  affected  by  a 
severe  drop  of  pressure.  Probably  much  of  the  prejudice 
against  the  use  of  reverse-current  relays  is  due  to  the  many 
defective  designs  which  were  at  first  installed  ovfing  to  a 
failure  to  grasp  at  once  all  the  details  which  the  problems 
of  the  protection  of  high-tension  generators  and  feeders 
involved.  Turning  now  to  the  question  of  the  protection 
of  parallel  feeders  and  closed  networks,  it  may  be  noted 
that  the  author  recommends  some  system  of  balanced 
protection    to    meet    all    cases.      It    is    noteworthy  that 


he  recommends  a  mechanical  balance  in  the  case  of 
independent  parallel  lines,  and  magnetic  balance  for  the 
twin-conductor  system.  Each  of  these  methods  has  its 
disadvantages  ;  the  former  must  of  necessity  balance, 
not  the  currents,  but  the  squares  of  the  currents,  and 
is  therefore  liable  to  be  insensitive  at  light  loads  and 
over-sensitive  at  overloads,  and  it  is  impossible  to  state  the 
out-of-balance  current-setting  either  as  a  definite  current 
or  as  a  percentage  excess  of  one  current  over  the  other. 
One  reason  for  not  using  magnetic  balancing  for  separate 
conductors  is  obviously  the  difficulty  of  obtaining  perfect 
phase  opposition  in  the  two  sections  of  the  transformer 
primary  winding  ;  so  apparently  in  order  to  get  over  this 
the  split-conductor  method  has  to  be  adopted,  and  the 
advantage  of  being  able  to  run  on  one  line  if  the  other  is 
shut  down  is  thereby  sacrificed.  It  may  also  be  noted  that, 
with  split  conductors,  in  the  event  of  a  fault  to  earth  from 
both  conductors  simultaneously  the  current  remains 
balanced  and  the  system  is  absolutely  unprotected.  It 
is  true  that  this  condition  is  most  highly  improbable,  par- 
ticularly if  the  two  conductors  are  arranged  concentrically 
within  a  cable,  but  such  a  fault  is  quite  possible  on  the 
overhead-line  system  shown  in  Figs.  28  and  29.  I  should 
also  be  interested  to  hear  somewhat  more  definitely  as  to 
the  additional  cost  of  the  twin-conductor  cable.  The 
author  suggests  that  the  excess  is  only  slight,  but  if  this  is 
only  a  few  per  cent  it  may  easily  represent  several  thousand 
pounds  on  a  large  system.  Incidentally  it  would  appear 
that  the  working  thickness  of  dielectric  between  the  phases 
has  to  be  considerably  reduced  if  Figs.  22  and  23  are  to 
the  same  scale  throughout.  Mr.  Taylor  has  already  criti- 
cized the  author's  remark  that  the  split  conductor  is  of 
universal  application.  Such  is  hardly  the  case  since 
it  involves  duplicate  conductors,  and  is  not  therefore 
applicable  to  systems  already  laid  on  the  simple  single- 
conductor  plan.  I  consider  a  general  solution  should  be 
one  which  may  be  apphed  to  protect  the  cables  of  any 
closed-up  network,  however  complicated,  without  first 
resorting  to  either  running  new  cables  or  pilot  wires  in 
parallel,  or  the  substitution  of  a  special  type  of  cable  such 
as  in  the  split-conductor  system.  Such  protection  may  be 
obtained,  I  believe,  on  fundamental  Imes,  using  the  effects 
of  any  fault  to  locate  it  and  cut  it  out,  in  much  the  same 
way  as  the  simple  fuse  may  be  made  to  protect  a  simple 
circuit.  My  suggestion  is  that  the  magnitude  of  the  over- 
load current  and  drop  of  voltage  respectively  should  deter- 
mine when  and  which  cable  requires  disconnection.  The 
cables  may  be  connected  in  the  most  complicated  net- 
work, and  one  relay  would  be  necessary  in  each  cable 
where  it  leaves  a  generating  or  sub-station.  Fig.  D  here- 
with is  not  intended  to  show  an  actual  mechanical  arrange- 
ment ;  it  is  only  supposed  to  illustrate  the  essential  details 
which  constitute  such  a  relay  collectively.  On  the  right- 
hand  side  of  the  figure  is  a  solenoid  operated  by  a  current. 
If  the  current  exceeds  a  certain  amount  the  solenoid  core 
is  drawn  up  and  the  beam  on  which  it  rests  is  free  to 
operate.  The  latter  would  then  be  drawn  up  at  a  level 
speed  by  the  weight  W  attached  to  a  cord  passing  over  the 
roller  on  the  spindle  of  the  eddy-current  brake-disc  above.* 
In  rising  the  beam  will  move  the  contact  B  downwards,  so 

*  It  is  not  necessary  to  employ  the  eddy-current  brake  disc,  as  there 
are  other  means  of  obtaining  a  constant  speed,  and  its  use  is  merely 
suggested  in  the  present  instance. 


Mr. 
Murpli} 
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been  shown  that  with  parallel  feeders  the  fault  current 
must  lie  more  than  twice  the  current  setting  of  the 
individual  switch,  and  approaches  three  times  this  figure. 
If,  now,  one  feeder  is  out  of  service,  there  is  little  or  no 
factor  of  safety  to  ensure  that  the  sound  feeders  will  not 
be  disturbed  by  a  fault  not  only  in  one  of  the  parallel 
feeders  but  by  any  leak  anywhere  beyond  those  feeders. 
The  scheme  would  be  reasonably  safe  for  a  5-feeder 
combination,  but  it  must  be  recognized  that  there  is  a 
second  element  of  uncertaintj'.  The  whole  action  depends 
upon  the  earthing  resistance  passing  no  more  and  no  less 
tlian  the  assumed  current  within  somewhat  narrow  limits. 

Referring  to  the  splitting  of  the  switch  contact  on  the 
split-conductor  system,  Mr.  Taylor  aslced  what  results  can 
be  obtained  without  splitting  the  conductor.  It  is  really  a 
commercial  problem  ;  it  is  found  that  it  actually  pays  to 
split  the  switch  contact,  which  is  quite  readily  done, 
rather  than  to  build  a  transformer  big  enough  to  give  the 
required  results  without  splitting  the  conductor;  i.e.  the 
net  cost  of  the  transformer  plus  the  switch  is  generally  less 
where  the  switch  contact  is  split  than  where  it  is  not  split, 
and  that  is  the  justification  for  splitting  the  switch-contact. 
Several  installations  have  been  made  in  which  the  switch 
contacts  have  not  been  split,  and  with  quite  satisfactory 
results. 

Mr.  Waters  is  a  newcomer  in  the  field  of  protective 
switchgear,  and  suffers  under  certain  disadvantages  on 
that  account.  He  has  made  a  very  interesting  series  of 
relays  which  have  certain  novel  and  interesting  con- 
structional features.  I  regret  that  I  was  unable  to  include 
details  of  Mr.  Waters'  devices,  or  of  any  other  individual 
relays  in  the  paper,  but  I  think  Mr.  Waters'  inventions  are 
actuall}'  covered  by  my  remarks.  Mr.  Waters  described  a 
new  system,  which,  as  far  as  I  can  see,  gives  protection 
only  from  faults  to  earth,  and  it  seems  to  me  a  pity  to  go 
so  far  as  to  build  a  special  cable  to  obtain  only  that  result. 

ilr.  Collis  referred  to  the  use  of  core-balancing  ap- 
paratus in  mining  service,  and  asked  whether  the  core- 
balancing  device  will  really  prevent  the  arc  from  appearing 
outside  the  cable.  That  is  a  matter  which  has  been  the 
subject  of  a  good  deal  of  experimenting.  I  may  say  that 
the  tests  made  indicate  that  the  employment  of  a  sensitive 
leakage  protective  system  on  mining  work  certainly  has 
the  merit  that  the  cables  may  be  disconnected  with  a 
minimum  of  risk  of  the  arc  appearing  outside  the  cable  ; 
in  point  of  fact  it  is  a  difficult  thing  to  get  the  arc  to 
come  outside  the  cable  even  where  such  apparatus  is  not 
employed. 

In  replj'  to  Mr.  Brazil,  on  the  question  of  cost  of  the 
split-conductor  sj'stem,  I  may  say  that  the  cost  of  the  next 
best  system,  the  l\Ierz-Price,  which  is  not  so  sensitive  and 
has  certain  limitations,  is  practically  the  same  as  that 
of   the   split-conductor   system.      The   cable   joints    have 


had  to  be  the  subject  of  special  development ;  that  de-  Mr. 
velopmcnt  is  quite  interesting,  in  that  the  special  joint  ^^"'" 
which  had  been  developed  for  split  conductors  is  found  to 
have  the  merit  that  it  gives  flexibility  in  tlie  length  of  the 
cable.  With  regard  to  the  insulation  between  the  two 
halves  of  the  split  conductor,  the  word  "  light "  is  used  in 
a  relative  sense.  The  illustrations  show  the  actual  facts. 
Mr.  Brazil  is  quite  right  when  he  says  that,  under  conditions 
of  a  "  dead  "  short-circuit  to  earth  on  one  core  of  a  cable 
which  is  tied  direct  to  the  generating  station,  the  full  star 
voltage  may  appear  between  the  two  halves  of  tiie  con- 
ductor, but  I  would  point  out  that  it  is  only  a  momentary 
condition,  and  that  consequently  a  relatively  small  amount 
of  insulation  will  readily  withstand  it.  Moreover,  on  anj' 
cable  not  connected  directly  to  the  generating  station 
busbars,  that  maximum  voltage  is  never  reached  ;  never- 
theless it  has  not  yet  been  found  to  pay  to  develop  two 
different  makes  of  cable  for  the  two  positions.  Witli 
regard  to  the  employment  of  a  resistance  with  a  negative 
temperature  coefficient  for  the  earth  connection,  I  am 
rather  disappointed  by  the  figures  given.  If  on  a  6,600- 
volt  system  we  have  to  wait  several  seconds  before  the 
current  reaches  800  amperes,  one  has  to  recognize  that  the 
system  is  being  subjected  to  a  fault  taking  3,000  kw.,  which 
will  probably  shut  down  quite  a  large  amount  of  the  plant 
before  the  protective  apparatus  has  a  chance  to  operate. 
Much  can  be  said,  however,  for  such  a  resistance  rated  at 
700  amperes  when  cold,  as  it  ensures  a  larger  factor  of 
safety  with  a  smaller  initial  current  than  is  obtainable 
with  units  having  a  positive  co'efficient. 

Mr.  Murphy  is  still  optimistic  as  to  the  future  of  reverse- 
current  relays,  but  I  do  not  find  any  new  feature  or 
argument  in  his  remarks  on  them.  Relays  such  as  he 
describes  are  not  new.  All  the  early  reverse-current 
relays  used  to  operate  at  no  voltage,  and  it  was  not  con- 
sidered a  merit.  We  are  now  obtaining  more  satisfactory 
service  with  the  devices  recommended  than  with  any 
others  that  have  been  employed  on  any  scale  sufficient  to 
justify  conclusions,  and  that  is  being  done  on  some  of  the 
largest  systems  in  the  country  where  severe  faults  are  of 
frequent  occurrence.  Mr.  Murphy  has  described  a  novel 
protective  scheme,  which  I  have  not  full}- grasped.  Others 
have  endeavoured  to  find  a  solution  on  similar  lines.  The 
fundamental  difficulty  with  apparatus  of  this  kind  is  that 
it  is  impossible  to  predict  what  the  current  and  voltage 
conditions  will  be.  On  site,  each  individual  device  can 
only  be  adjusted  in  a  reliable  manner  by  making  actual 
short-circuit  tests,  and  these  adjustments  require  revision 
with  each  material  alteration  of  the  distribution  system. 
It  would  appear  also  that  the  apparatus  could  only  be 
adjusted  to  give  correct  operation  on  faults  to  earth,  and 
on  a  short-circuit  between  phases  all  the  relaj's  would 
operate. 


Mr. 

Welbourn. 


Manchester  Local  Section,  15  December,  19 14. 


Mr.  B.  Welbourx  :  I  am  glad  to  see  that  the  author 
bears  in  mind  first  and  foremost  the  commercial  aspect  of 
the  subject.  On  the  first  page  he  uses  the  expression 
"continuity  of  supply  "three  times,  and  that,  I  think,  is 
the  keynote  of  the  whole  paper.  It  describes  automatic 
apparatus  which  has  been  introduced  within  the  last  lo 
years  and  has  made  the  distribution  of  power  in  bulk  a 


commercial  possibility.  We  ought  not  to  discuss  the  jir 
paper  without  paying  a  tribute  to  the  work  which  was  done  ^^ 
by  Mr.  Bernard  Price  about  lo  years  ago  in  the  develop- 
ment of  automatic  apparatus  for  the  disconnection  of  faulty 
feeders,  generators,  and  transformers  before  the  supply 
system  could  be  affected  sufficiently  to  cause  synchronous 
machinery  to  fall  out  of  step.     The  Merz-Price  system  of 
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transformers  is  at  a  disadvantage  where  the  transformer 
is  in  a  lock-up  suli-station.  When  a  transformer  is 
switclied  into  circuit  the  higli  initial  magnetizing  current 
is  not  balanced  on  tlie  secondary  side  and  causes 
the  Merz-Price  relays  to  operate.  This  means  that  if 
there  is  a  stoppage  and  renewal  of  the  supply  the  Merz- 
Price  relays  will  operate,  and  an  attendant  has  to  go  to 
the  sub-station  to  rc-set  them.  I  do  not  know  whether 
under  such  circumstances  the  author  would  recommend 
a  time  limit  on  these  relays.  This  point  is  certainly  a 
great  disadvantage  when  the  Merz-Price  protective  gear 
is  used  in  a  lock-up  sub-station.  If  the  gear  is  installed 
in  a  station  where  an  attendant  is  always  available  I  agree 
that  there  is  no  better  sj'stem. 

Mr.  A.  E.  McKenzie:  This  paper  supplements  the 
information  given  by  Messrs.  Harlow  and  Faye- Hansen 
about  four  years  ago  in  their  paper  on  the  same  subject.* 
In  Manchester  lo  high-tension  feeders  were  then  being 
fitted  with  balanced  protective  gear,  although  at  the  time 
the  neutral  of  the  high-tension  system  was  not  earthed, 
the  capacity  current  of  the  system  being  quite  sufficient 
to  operate  balanced  protective  gear.  It  was  not  possible 
to  use  Merz-Price  protective  gear,  as  the  high-tension 
feeders  to  the  sub-stations  had  already  been  laid  without 
pilot  wires.  I  can  thoroughly  endorse  all  that  the  authors 
have  said  in  regard  to  tlie  advantages  of  balanced  protec- 
tive gear.  When  three  current  transformers  have  already 
been  installed  (and  in  most  modern  stations  it  will  be 
found  that  such  is  the  case)  it  really  only  needs  a  slight 
alteration  to  the  wiring  and  an  additional  relay  to  have 
balanced  protection  as  well  as  overload  protection,  as 
shown  in  Fig.  5.  The  first  feeders  that  were  fitted  with 
balanced  protective  gear  in  Manchester  had  only  two 
current  transformers  installed  for  overload  protection. 
It  was  found  to  be  much  easier  to  install  an  additional 
transformer  round  the  3-core  cable  than  to  add  a  third 
transformer  to  balance  with  the  existing  two.  One-half 
of  the  total  number  of  high-tension  feeders  were  protected 
in  this  manner.  The  remaining  feeders  (about  20)  each 
had  three  current  transformers,  so  the  wiring  was  altered 
and  an  additional  relay  added,  thus  obtaining  both  over- 
load and  balanced  protection.  There  has  not  been  one 
fault,  I  think,  that  has  not  been  satisfactorily  dealt  with 
by  the  balanced  protective  gear  since  it  was  installed. 
The  worst  fault  during  the  last  few  years  was  in  con- 
nection with  a  feeder  protected  by  Merz-Price  gear ; 
it  occurred  in  a  kiosk  on  each  side  of  which  the  feeder 
was  protected  by  this  apparatus.  The  fault  occurred 
between  the  kiosk  busbars,  owing  to  the  failure  of  an 
insulator.  This  feeder  was  also  protected  at  the  generating 
station  by  an  overload  relay  with  a  time  limit  of  one 
second,  but  the  kiosk  was  badly  damaged  before  the  fault 
was  cleared.  I  quite  endorse  all  that  Mr.  Ferguson  has  said 
against  providing  time  limits  for  balanced  protective  gear. 
We  have  always  found  it  better  to  get  rid  of  a  fault  as 
quickly  as  possible,  and  it  seems  to  be  a  mistake  to  add  a 
time  limit  to  a  device  which  has  been  initially  installed  to 
clear  a  fault  immediately  it  occurs.  In  one  part  of  his 
paper  the  author  has  advocated  the  use  of  balanced 
protective  devices  in  series.  I  think  that  there  is  no 
necessity  for  this  if  one  has  a  cable  system  which  has 
been  properly  laid,  as  the  number  of  faults  that  occur 
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per  annum  does  not  warrant  this.  On  the  Manchester  Mr. 
system  there  are  over  150  miles  of  e.h.t.  cable,  and  the  '^  ^'" 
number  of  faults  which  occur  per  annum  is  about  si.x.  I 
am  sure  it  is  better  to  risk  cutting  out  the  whole  of  one 
feeder  on  tlie  rare  occasions  when  a  fault  occurs  than 
to  have  a  number  of  these  protective  devices  in  series 
with  time-limit  devices  at  the  generating  station  in  order 
to  obtain  selective  action.  Messrs.  Faye- Hansen  and 
Harlow  in  their  paper  did  not  favour  the  protection  of 
generators  by  Merz-Price  gear  alone.  At  that  time,  two  of 
the  large  generators  at  Stuart-street  station — and  now  every 
turbo-alternator  and  large  generator  in  this  station — were 
protected  by  Merz-Price  gear  with  fuses  in  the  secondary 
circuit,  which  blow  only  if  the  machine  is  kept  on  sustained 
short-circuit,  or  in  the  event  of  a  fault  occurring  on  the 
generator  windings  and  the  remaining  generators  send- 
ing current  into  the  faulty  machine  in  excess  of  its  normal 
short-circuit  current.  The  generators  are  thus  protected 
against  faults  on  their  own  windings,  and  also  against 
faults  which  may  occur  on,  the  main  switchboard.  Re- 
garding the  interlocking  of  parallel  feeders,  we  have 
never  been  able  to  find  a  reverse  relay  that  could  be 
depended  upon.  Several  feeders  run  into  each  of  our 
most  important  sub-stations,  and  it  has  always  been 
considered  advisable  to  separate  the  high-tension  busbars 
and  make  as  many  different  sections  as  possible.  The 
interlocking  devices  described  by  the  author  are  novel 
to  me,  and  if  an  opportunity  occurs  I  should  be  very 
pleased  to  try  them,  especially  the  interlocked  leakage 
relays.  It  is  always  advisable  to  disconnect  tempor- 
arily the  tripping  circuits  of  switches  at  the  gener- 
ating station  when  "paralleling  feeders  in  a  sub-station 
provided  with  balanced  protective  apparatus,  because, 
however  accurately  the  switches  are  adjusted,  one  set 
of  contacts  is  almost  certain  to  make  circuit  a  little 
before  the  others,  in  which  case  the  protective  gear,  if 
not  fitted  with  a  time  limit,  will  operate  and  probably 
cut  out  both  feeders.  It  is  advisable  to  have  a  small  ^^ 
switch  in  the  secondary  circuit  of  the  balanced  protective 
gear  on  each  feeder  so  that  it  can  be  used  to  open  the 
circuit  whilst  feeders  are  being  "paralleled."  The  ideal 
protective  gear  for  a  generator  is,  I  think,  to  have  -Merz- 
Price  balanced  protection  with  fuses  in  the  secondary,  and 
in  addition  a  device  which  will  automatically  cut  off  the 
generator  field  immediately  the  main  switch  opens.  I  do 
not  quite  understand  why  in  Fig.  20  the  author  has  put  the 
transformer  at  the  alternator  end  on  one-half  of  the  phase 
winding  only.  Of  course  satisfactory  balance  can  be  so 
obtained,  but  it  seems  to  me  it  would  be  simpler  to  put 
the  transformer  on  the  neutral  end  of  the  winding  outside 
the  generator  casing.  It  would  not  be  possible  on  many 
machines  to  put  the  transformers  in  the  position  shown. 
The  arrangement  shown  in  Fig.  20  is  that  which  has  been 
decided  upon  for  the  protection  of  the  main  generators 
in  the  proposed  new  Barton  station  for  Manchester. 
There  will  be  no  sv;itchgear  between  the  transformers 
and  the  machines.  The  alternators  will  generate  at  6,600 
volts  with  step-up  transformers  from  6,600  to  33,000  volts. 
Each  generator  and  transformer  will  thus  form  one  com- 
plete unit.  Merz-Price  balanced  gear  will  be  installed  on 
the  neutral  ends  of  the  generator  windings  and  on  the 
outgoing  side  of  the  e.h.t.  transformers.  In  the  event  of 
a  fault  occurring  either  on  a  transformer  or  a  generator 
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laid  down  by  Mr.  Mer^  some  years  a;>o,  that  nu  protective 
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earthed  simultaneously,  then  the  split-conductor  system 
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Mr.  t:.yc-  that  it  is  impossible  to  go  below  sometliing  like  lo  to  15 
Hansen.  amperes  with  a  series  transformer  of  reasonable  size,  and 
I  should  like  to  know  whether  the  author  is  able  to  use 
a  much  smaller  current.  Though  the  core -balancing 
principle  is  excellent,  it  ought  in  most  cases  to  be  utilized 
in  connection  with  an  overload  device,  as  has  been 
suggested  by  most  speakers  in  the  discussion,  and  as  the 
Manchester  Corporation  is  doing.  Sometimes  it  may  be 
quite  satisfactory  to  have  core-balancing  protection  only, 
but  generally  there  ought  to  be  a  combination,  such  as  is 
shown  in  Fig.  5.  The  biased  protective  relay  shown  in 
Fig.  12  is  a  ver5'  good  idea.  It  will  be  appreciated  by  any 
engineer  who  has  had  to  deal  with  the  difficulty  of  getting 
a  reallv  good  balance  that  can  be  relied  upon  under  all 
conditions  of  overload  and  short-circuit.  Of  course  it 
Hmits  the  sensitiveness  to  some  extent,  but  it  is  a 
thoroughly  sound,  practical  idea,  which  ought  to  be 
adopted  very  largely  when  balanced  protective  gear  is 
used.  Fig.  13  is  very  interesting  to  me.  It  is  exactly 
what  was  described  in  the  paper  by  Mr.  Harlow  and 
myself.*  We  pointed  out  at  the  time  that,  from  the 
theoretical  point  of  view,  it  will  protect  any  parallel  feeder 
or  interconnector  quite  satisfactorily,  but  of  course  it 
depends  upon  pressure  transformers  and  upon  the  voltage 
not  falling  absolutely  to  zero  in  the  event  of  a  break- 
down. If  it  were  not  for  these  points  it  would  be  the  best 
way  of  protecting  parallel  feeders  and  interconnectors 
and  to  ensure  that  under  all  circumstances  the  faulty 
cable,  and  that  only,  is  disconnected.  In  Fig.  18  the 
author  shows  the  secondary  circuit  of  the  Merz-Price 
gear  earthed  in  two  places.  I  think  that  is  only  an  over- 
sight, because  even  in  transformer  protection  where  the 
distance  between  those  two  points  is  small,  there  would  be 
some  risk  of  a  potential  difference  existing  between  them 
and  thus  causing  operation  of  the  relays  when  this  is  not 
wanted.  The  arrangement  illustrated  in  Fig.  20,  of  pro- 
tecting transformers  and  alternators  in  series  by  having 
two  parallel  circuits  in  the  alternator,  is  very  interesting. 
It  has  one  advantage  over  the  system  ordinarih'  used,  and 
described  by  Mr.  McKenzie,  namely,  it  protects  the 
alternator  in  case  of  breakdowns  between  different  parts 
of  the  same  phase  of  the  machine,  which  the  ordinary 
Merz-Price  arrangement  would  not  do.  With  the  present 
method  of  construction  of  most  alternators,  that  is  not  a. 
very  important  point,  and  it  can  only  be  obtained  by 
complications  in  the  alternator  design.  Mr.  McKenzie 
referred  to  a  statement  in  the  paper  by  Mr.  Harlow  and 
myself  in  regard  to  the  use  of  Merz-Price  gear  for 
generators.  As  explained  in  our  reply  to  the  discussion 
on  that  paper,  what  we  wanted  to  express  was  that  the 
Merz-Price  gear  alone  should  not  be  used  for  protect- 
ing alternators  ;  there  should  be  something  in  addition. 
The  arrungement  used  by  the  Manchester  Corporation  and 
described  by  Mr.  McKenzie  exactly  meets  that  view,  and 
against  protection  of  that  kind  I  have  nothing  to  say.  In 
Fig.  21  it  would,  as  explained  before,  be  entirely  correct 
from  a  theoretical  point  of  view  to  protect  both  ends  of  the 
parallel  feeders  and  interconnectors  with  the  so-called 
interlocked  reverse-current  relay  shown  in  Fig.  13.  I  now 
come  to  the  split-conductor  protective  system.  It  is 
certainly  a  very  good  one,  and  I  believe  that  it  will  in 
the  future  be  adopted  more  and  more  freely.  When  it 
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was  first  brought  out  I  iiad  not  much  faith  in  it,  but  at 
that  time  the  cables  were  on  the  twin  system  and  were  not 
as  shown  in  Fig.  23,  one  core  inside  the  other.  On  the 
twin  system  there  is  always  a  danger  that  both  cores 
might  break  down  at  the  same  time  and  the  same  fault 
current  miglit  flow  to  eartii  from  each  core  ;  whereas  with 
the  concentric  cable,  as  now  adopted,  that  is  not  possible. 
Apart  from  cost,  the  only  disadvantage  of  the  Merz-Price 
gear  and  the  split-conductor  arrangcniL-nt  for  feeders  is  the 
small  part  of  the  system  which  cannot  in  a  practical  way 
be  protected  by  it,  such  as  sub-station  busbars,  etc.  In 
this  respect  the  core-balancing  system  in  connection  with 
overload  is  preferable,  where  it  can  be  adopted  without 
trouble  ;  but  no  other  system  gives  the  freedom  in  the 
lay-out  of  the  cable  system  that  the  Merz-Price  and  the 
split-conductor  protective  gears  do. 

Mr.  E.  B.  Wedjioee  {in  reply) :  Members  who  have  not 
had  time  to  study  the  details  in  the  body  of  the  paper 
have  been  lead  to  believe  that  the  schedule  on  the  last 
page  is  a  complete  schedule  of  apparatus.  This  is  not 
the  case,  and  I  did  not  mean  to  exclude  overload  devices, 
especially  in  conjunction  with  item  (6).  Moreover  this  item 
is  generally  inapplicable  when  the  mid-point  of  the  system 
is  insulated.  Earthing  the  mid-point  has  so  recently 
been  fully  discussed  that  I  have  said  very  little  about 
it  in  this  paper. 

The  term  "instantaneous"  is  used  by  relay  designers 
to  distinguish  relays  having  no  delaying  device  from  those 
that  possess  one.  We  shall  never  have  an  instantaneous 
relay  in  any  other  sense.  I  believe  Mr.  Welbourn's  figures 
represent  what  is  practicable  and  what  has  been  attained 
in  the  operation  of  relays  and  oil  switclies.  It  is  quite 
practicable  to  obtain  a  core-balancing  relay  to  operate 
in  i/2oth  of  a  second,  but  there  is  no  occasion  to  do  this. 

The  cost  of  the  split-conductor  system  is  at  present 
comparable  with  that  of  the  Merz-Price  system,  but  in 
course  of  time  it  should  be  reduced,  as  inherently  that 
system  is  cheaper  than  the  Merz-Price  system. 

Mr.  Ferguson  objects  to  the  use  of  the  time-limit  devices 
in  conjunction  with  balanced  gear,  but  advances  no  argu- 
ments against  my  specific  recommendations  in  this  connec- 
tion. I  have  recommended  the  time-limit  device  as  a  means 
of  obtaining  discriminating  action  with  the  core-balancing 
leakage  device.  I  have  given  the  reasons  for  my  recom- 
mendation quite  fully  in  the  paper.  The  leakage  current 
on  a  system  with  the  mid-point  earthed  through  a  resist- 
ance will  represent  only  a  temporary  overload  on  the 
machines,  and  does  not  subject  the  system  to  severe 
shocks.  If  one  wishes  to  discriminate  between  indepen- 
dent feeders  and  consumers'  premises  the  time-limit 
core-balancing  device  on  the  individual  feeder  in  conjunc- 
tion with  instantaneous  core-balancing  devices  on  the 
consumers'  premises  will  give  that  result.  Core-balancing 
apparatus  is  not  necessarily  delicate  at  all.  In  many  cases 
we  are  using  the  same  relays  for  core-balancing  as  are 
used  for  ordinary  overload  protection,  and  sometimes 
direct-acting  trip  coils. 

In  his  remarks  on  the  split-conductor  system  Mr. 
Ferguson  refers  to  the  questions  of  jointing  the  cables  and 
balancing  the  cables.  It  is  quite  remarkable  how  well 
informed  are  engineers  in  all  parts  of  this  country  upon  a 
little  difficulty  that  was  experienced  with  the  experimental 
installations.     I  can  say  quite  frankly  that  when  the  first 
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^)*slenis  It  ti  iinpiusMbIc  to  u»c  >eltin('s  below  normal  load 
current.  With  the  spht-conductur  system  the  methods 
employed  in  attaining  the  balance  are  so  much  finer  that 
the  switches  can  l>c  flipped  uii  a  few  amperes  and  yet 
be  balanced  a;;.im>t  "dead  '  short-circuits  on  very  larjjc 
<vsiein-  111  t!i'-  ctnmtiv  liicre  are  over  too  miles  of  over- 
und  cablcN  now  operating  on  the 
■,  On   one    installation    we    have 

heard  of  40  faults  (tcr  annum  being  successfully  dealt  with 
and  only  one  failure,  which  was  due  to  no  fault  of  the 
apparatus  but  to  a  constructional  defect  in  the  line.  The 
circulaling-currcnt  system  of  transformer  protection  has 
proved  most  successful  for  use  in  isolated  sub-slatiuiis. 
The  apparatus  can  l>e  designed  to  avoid  the  difficulties 
that  Mr.  Ferguson  anticipates. 

i  am  very  glad  Mr.  McKenzie  introduced  the  subject 
oi  the  autontatic  iicld  switch.  I  became  interested  in  this 
subject  just  after  my  paper  was  submitted,  and  we  have 
since  installed  a  considerable  number  of  these  switches. 
There  is  one  feature  worth  mentioning  in  connection  with 
the    .  field  switch  for  making  a  machine  "  dead  " 

wtiL.  .1  switch  opens.     Its  action  should  be  made 

depeiiilvui  u|->>ii  the  combined  action  ot  the  automatic 
device  tli.il  (.uiitiuls  the  switch  and  of  the  switch  itseli. 
The  automatic  ticld  switch  should  nol  come  out  immedi- 
ately the  relay  works,  in  case  the  main  switch  (ails.  On 
the  other  hand,  it  should  not  come  out  immediately  the 
main  switch  opens,  because  that  means  tliat  a  machine 
cannot  be  taken  of!  the  busbars  without  breaking  the 
Geld  circuit.  If  the  automatic  field  switch  is  made 
dependent  upon  the  action  of  the  relay  plus  the  switch,  I 
thin  .!  cumbinatioii  is  then  obtained. 

K'^  '  Kig.  20,  Mr.  Kaye-HanM:n  lias  kindly  added 

one  merit  of  the  combination  which  I  did  not  include  in 
the  paper.  1  should  like  to  say  in  answer  to  what  was 
perhaps  a  criticism,  that  the  device  is  only  intended  to  be 
applied  where  the  armature  is  being  already  wound  in  two 
parallel  puitions.     The  device   has  the  merit  also  tliat  it 


hised 
.cr,    as 
.!)<!  .iialus  of  the  kind  des«:ril>cd. 

I'lufessor  Marclant  raised  an  interesting  p"'ini  u><'-n  be 
referred  to  the  insulation  between  the  two  the 

split  conductor.      Perhaps   I   should  have  i 
insulation  as  "  relatively  slight."     Tlul  ins 
be  subjct.ted  to  more  tlian  I' 
this  can   only  occur   on    :t    i 
to    the    generating     stu'. 
occur    on   a  cable  at  a  i 

It  is  but  momentary.  Lasting  only  until  the  automatic 
gear  has  operated.  It  is  quite  safe  10  employ  very 
much  less  insulation  between  the  two  lialves  of  the  core 
than    the   geiii :  '  .Hon   of    the   c      '  '.' 

quite   clearlv    1;  ;i    Fig.    iJ.    w 

.1  Al  lcx>t  01;        ■  :  -1 

I  I  one — where   1  and 

daiii.iged,  and  it  lias  not  m  any  way  hindemd  the 
operation  of  the  protective  de\'icc. 

Mr.   I'earce  referred   to  the  Ferranti* Waters  system  in 
which  Mr.  Waters  has  introduced  some  novel  and  interest- 
ing features  in  reUy  design,  of  which  I  think  we  shall  hear 
further.     The   Ferianfi- Waters  system   . 
in   the   paivr.      ll   conies  under   the    lu 
uvi-ilnd 
Mutuithei  >. 
systems  are.  I  think,  the  most  generally  :ues 

for  dealing   with   existing   cables.       ti. .,    _^tors 

cannot  be  split,  and  in  some  cases  Mer/- Price  pilot  wires 
cannot  be  inserted. 

Mr.  F'aye-Hansen  referred  to  Fig.  it  as  giving  a  general 
>c>liition  of  the  problem.     T:  i  htlle  "if' 

rr!!'..irk»    but  that   "  if  "   is  ^.  .  Icr.     If   uv 

I  :  s  by  shi  . 

I  1   work  l'\ 

with  promising  designs,  that   "  il ' 
disappeared  before  now.     Kelays  are  nou 
the  market  by  several  manufacturers  w ' 
a  '    .  f  those  which  have  been  e\llau^ 

.d  in  the  past. 


would    ) 

1., 


in  his 
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I]iKMiNGiiAM  Local  Section,  i6  December,  1914. 


Mr.  Taylor.  Mr.  A.  M.  T.VYi.OR :  I  sliould  like  to  ask  the  author 
wliether  he  sees  any  objection  to  tlie  following  method  of 
protecting  a  group  of  four  existing  trunk  feeders  which  are 
in  parallel  and  adjoin  two  generating  stations  :  Retain 
the  present  overload  time-limit  relays,  remove  reverse- 
current  relays,  and  introduce  at  each  end  of  each  trunk 
feeder  a  core-balancing  ring  transformer.  It  seems  to  me 
that  such  an  arrangement  would  be  quite  satisfactory  under 
all  conditions  of  supply,  the  core-balancing  arrangement 
forming  a  quick  disconnection  from  earth,  and  the  overload 
arrangement  acting  as  a  stand-by  in  the  event  of  a  short- 
circuit  between  phases  or  of  the  failure  of  the  core- 
balancing  arrangement  to  operate.  Where  four  feeders 
are  in  parallel,  the  current  operating  the  core-balanced 
transformer  on  the  faulty  feeder  will  invariably  be  three 
times  that  of  any  of  the  three  sound  feeders.  With 
reference  to  the  split-conductor  method  of  protecting 
new  feeders,  the  good  features  of  this  arrangement  are  that 
it  not  only  takes  into  account  all  the  fault  current  proper, 
but  also  equally  responds  to  short-circuits  between  phases. 
Of  the  two  methods  described  for  applying  the  split- 
conductor  system,  I  greatly  prefer  that  in  which  the  oil 
contacts  of  the  oil  switch  are  split,  provided  this  does 
not  interfere  with  the  efficiency  of  the  switch  for  really 
serious  faults.  It  also  seems  to  me  that  the  method 
introduces  fewer  elements  of  weakness  into  the  split-con- 
ductor system  in  the  way  of  transformers  than  does  the 
other  method,  which  might,  however,  be  useful  in  certain 
cases.  The  author's  interlocked  overload  method  depends 
upon  the  joint  effect  of  the  load  current  and  the  fault 
current,  and  it  is  quite  possible  under  certain  conditions, 
which  can  be  easily  reproduced,  that  one  of  the  sound 
feeders  might  be  disconnected  at  the  sub-station  end 
instead  of  the  faulty  feeder.  This,  however,  will  only 
occur  when  the  earth  connection  at  the  generating  station 
is  made  through  a  very  high  resistance.  At  the  same 
time,  this  is  the  condition  that  the  author  recommends. 

Dr.  Dr.  C.  C.  GARR.4RD  :   The  various  schemes   which  are 

described  in  the  paper  have  each  their  very  valuable  and 
proper  field  of  application,  and  when  confined  to  such 
spheres  of  usefulness  nothing  can  be  said  against  them.  I' 
find  myself,  however,  unable  to  agree  with  the  author's 
general  conclusion  in  which  he  tabulates  three  systems,  the 
combination  of  which  he  designates  as  ideal  and  capable 
of  meeting  all  the  ordinary  and  emergency  requirements 
of  electricity  supply.  An  ideal  system  should  surely  be  a 
sufficient  system.  On  the  author's  own  showing,  however, 
the  combination  suggested  in  this  respect  falls  short  of  the 
ideal.  Take  for  example  the  protection  of  generators  on 
the  circulating-current  system  shown  in  Fig.  17.  This 
figure  shows  overload  protection  in  addition  to  the  Merz- 
Price  gear,  this  overload  protection  being  obtained  by 
means  of  time-limit  fuses.  All  the  makers  of  Merz- Price 
gear  agree  that  this  system  alone  is  not  sufficient  for  the 
protection  of  generators,  and  these  time-element- fuses  are 
invariably  supplied.  Now  I  had  thought  that  the  un- 
desirability  of  overload  protection  on  generators  in  a 
station  where  continuity  of  supply  is  of  primary  importance 
had  been  settled  years  ago.  Such  generator  overload- 
releases  will  probably  result  in  the  alternators  being  shut 


down  successively  in  the  event  of  a  heavy  short-circuit.  Dr. 
The  circulating-current  system  only  protects  a  generator 
against  a  breakdown  to  earth.  A  breakdown  between  ^ 
phases  or  between  windings  is  not  dealt  with,  nor  is  an 
accident  to  the  prime-mover.  I  also  think  some  device  is 
necessary  which  will  trip  the  oil  switch  in  the  event  of  a 
mistake  being  made  when  synchronizing.  A  good  reverse-  J 
power  relay  will  deal  with  all  these  difficulties,  and,  for 
generator  protection,  I  consider  it  is  better  than  tlie  Merz- 
Price  systeni.  Turning  now  to  transformer  protection,  the 
circulating-current  system  is  put  forward  as  ideal.  Again, 
however,  it  is  insufficient.  It  is  necessary  to  protect  the 
transformer  against  sustained  overload  so  that  time-element 
overload  protection  is  also  required.  The  circulating-current 
system  is  excellent  for  guarding  against  a  breakdown  of  the 
transformer  to  earth,  but  it  must  be  supplemented  by  fuses 
or  overload  relays.  In  fact,  the  author  in  his  ideal  system 
leaves  out  overload  protection  altogether.  I  think  he  will 
be  unable  to  persuade  engineers  in  charge  of  plant  to 
follow  him  in  this  course.  I  understand  that  Messrs. 
ReyroUe,  who  have  had  considerable  experience  with  the 
Merz-Price  and  the  split-conductor  systems,  recommend 
time-element  overload  protection  on  feeders  in  addition  to 
its  use  on  generators.  I  believe  they  also  advocate  inter- 
connector  cables  fitted  with  instantaneously-acting  overload 
releases,  so  that  in  the  event  of  a  bad  short-circuit  the 
whole  system  is  split  up  into  a  number  of  independent 
sections.  It  is,  I  think,  also  absolutely  necessary  to  install 
overload  protection  to  guard  against  such  things  as  a 
short-circuit  on  a  switchboard  or  the  failure  of  an  oil 
switch,  neither  of  which  are  guarded  against  by  the 
balanced  system  of  protection.  The  point  of  view  which 
I  should  take  is  that  the  balanced  system  is  an  excellent 
additional  safeguard,  the  expense  of  which  is  warranted  on 
large  and  important  systems.  It  is  a  mistake,  however,  to 
maintain  that  it  renders  all  other  systems  unnecessary. 
Referring  again  to  transformer  protection,  I  think  it  is  im- 
possible to  protect  transformers  by  instantaneously-acting 
trip  coils  in  the  way  shown  in  Figs.  18  and  19.  The 
reason  of  this  is  that,  when  switching  in,  abnormal 
magnetizing  currents  are  experienced  owing  to  the  phase 
relationship  between  the  residual  magnetism  and  the 
electromotive-force  wave  at  the  instant  of  closing  the 
switch.  It  is  necessary  to  arrange  for  fuses  as  shunts  to 
the  tripping  coils  in  order  to  get  over  this  difficulty.*. 
With  reference  to  the  split-conductor  system,  I  believe  I 
am  correct  in  saying  that  the  originators  of  this  system 
now  invariably  use  switches  with  split  contacts.  With 
cables  of  any  length  it  is  found  necessary,  if  split-contact 
switches  are  not  used,  to  employ  abnormally-large  current 
transformers  if  accidental  tripping  is  to  be  avoided.  The 
use  of  split-contact  switches  is  found  to  be  preferable.  In 
any  case  the  use  of  bar  primary  windings,  as  mentioned  on 
page  168,  would  be  impossible  unless  split  switches  were 
used.  The  author  recommends  the  split-conductor  system 
for  closed  feeder  circuits.  Hitherto,  of  course,  the  balanced- 
voltage  Merz-Price  system  has  held  the  field  for  such 

*  K.  Faye-Ha>jsen  and  G.  Harlow.  Merz-Price  protective  gear 
and  other  discriminating  apparatus  for  alternating-current  circuits. 
journal  I.E.E.,  vol.  46,  p.  678,  191 1. 
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ii>  ■  V-   devices  except   the 

U5—  t:  load  devices,  I  have 

been  p  A  in   this   paper.    The   inised 

arraiigriiii  lu  -h.'^mi  m  rij^.  1  is  very  typical  of  the  con- 
nections at  Wolverhaiuptoii  and  the  majority  of  towns 
pt'-  1  e.h.t.  system  of  supply.     1  was  • 

iil>.  design   of    the   lav-^ul    r»t    \V(>!', 

but   1   l>clicve  my  predecessor,   ^  jcld  st(onf> 

vicMTS  on  the  questiun  of   ncut:  uig,  etc.     1 

think  that  as  far  as  feeder  protective  gear  is  concerned, 
the  conditions  at  Wolverhampton  are  typical  of  lyo  per 
cent  of  (he  e.h.t.  supply  systems  in  this  country.  We 
have  about  12  miles  of  e.h.t.  feeders  connected  to  two 
gcneratmg  slatiuiis.  There  are  no  pilot  cables  or  pro- 
visions for  drawing  in  such  cables.  The  wl:  1, 
as  far  as  cable  or  connection  luults  are  con^ .  .is 
operated  without  any  failure  or  trouble  for  some  years. 
It  seems  tliat  I  have  to  make  up  my  mind  whether,  on 
account  of  more  modern  investigations,  I  shall  condemn 
the  feeder  system  a^  being  insufhcicntly  protected,  and 
if  so,  whether  the  various  kinds  of  gear  described  bv  thc 
author  should  Iv:  fitted  to  tl.: 
agri-e    thai    thi-    scliciiics 

di:;  and    piloi-^kiic    M.iiciiic>   - 

caii  .lion  on  all   new  work,   wIik 

can  easily  be  dealt  with,  but  I  am  h.trdly  ci>iiviiiced  that 
engineers  controlling  average-sue  systems  carefully  laid 
out  under  existing  conditions  have  very  much  to  fear, 
e\-en  if  the  cost  of  such  schemes  as  are  under  discussion 
makes  it  commerciallv  pnicticuble.  The  sudden  pressure- 
surges  due  to  -' 
systems  of,  sav,  5> 

as  to   make   .1  ~>siciii    ut    di><. 

tcctive  gear  1:11  -t  i-i  .:  .li.  It  apftcars  i 
all  growing  undert-ikiii^s  should  at  once  receive  carelul 
attention  in  this  re.spoct.  1  cannot  quite  follow  the  author 
when  he  stales  on  pa^c  157  that  the  ex|>cnditure  on  cables 
is  hkcly  to  represent  Irom  one-tlurd  to  one-half  o^  the  total 
expenditure.    Surely  he  docs  not  imply  that  the  cost  of 


to,  but  will  have  to  receive  very  careful 

I       Mr.  F.  H.C'!'"  ■  ■'       !  -  ■     I'  I  i-.-.  . 

that  in  all  the 

or  at  least  111  .  ua    '  i 

operaliDii    ilci  .c  value 


be  comparatively  small.     In  the  case  of  large  . 
this  system  of  protection  by  leakage  currents  :  - 
portant.     Such   machines   111  ust    be   capable  of 
■       I-    currents    wlien 
that  any  -v-lrin   •  : 

Ullaailju.    ,     rc\  : 

on  account  01    . 

the  possibility  of  lailuri 

experience  has  shown  Il_.     , 

desirable,   as  an   internal    breakdown    may    result    in 

'   ■      '■  ■ ■   of  the  stator  windings.     N\  ■       •    ■ 

i.>cribe<l  be  fitted  to  such  a  . 


Ill  most  cases  the  fault  will  l>e  one  to  earth  instead  01 
l>elwecn  phases,  with  thr  ■•■-..■  it.  .1  the  curret"  ■■  '-■ 
liiniled  by  a  neutral  ear.  The  i. 

this  IS  that,  first,  the  cui  "' 

will    be  small,   and   co: 


:ic  tlut  may   siarl  wiii  be  lucauxcd  lu  (iic   detecUw 

Mr.  K.  P.  HoLLts  :  I  do  not  think  tliat  ai: 
had  ex|Hrrieiice  of  the  operation  »"   l■•••• 
can  have  any  doubt  wtialevcr  in  1  < 
value  of  automatic  j      ' 
ill  the  paper.     TIk 
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about  a  marked  change  in  the  operation  of  the  system, 
quite  apart  from  any  question  of  faults.  Spare  feeders  are 
no  longer  kept  in  reserve,  waiting  for  a  working  feeder 
to  break  down,  but  are  run  in  parallel,  and  are  therefore 
always  available  in  the  case  of  a  working  feeder  being 
disconnected.  I  have  known  many  instances  in  which 
working  feeders  have  been  inadvertently  disconnected  and 
the  supply  to  consumers  h.as  not  been  interrupted  because 
the  second  feeder  could  be  and  was  being  run  in  parallel 
with  tlie  first  in  conjunction  with  automatic  protective 
devices.  These  devices  therefore  are  important  factors 
in  assuring  a  continuity  of  supply  to  a  consumer  and  in 
preventing  synchronous  machinery  from  being  shut  down 
temporarily,  in  which  case  the  whole  process  of  synchron- 
izing has  to  be  gone  through.  When  consumers  can 
exact  a  penalty  of  ;^5  a  minute  for  discontinuity  of  supply, 
as  in  a  case  of  which  I  know,  this  advantage  of  automatic 
protective  devices  is  one  of  great  moment.  I  do  not  agree 
with  those  who  consider  that  pilot  wires  are  unsatis- 
.  factory.  I  have  laid  and  maintained  very  great  lengths 
of  such  cables  and  I  can  speak  highly  of  their  freedom  from 
trouble.  The  disadvantages  of  pilot  wires  are  commercial 
and  not  technical.  The  use  of  pilot  wires  involves  addi- 
tional expenditure,  but  the  split-conductor  cable  costs 
more  than  the  ordinary  cable.  The  factor  deciding  in 
many  cases  which  is  to  be  employed — a  split  conductor 
or  a  system  involving  a  pilot  wire — is  whether  the  split- 
conductor  cable  costs  more  or  less  than  the  ordinary  cable 
plus  a  pilot  wire.  One  of  the  advantages  of  the  core- 
balancing  system  is  that,  as  far  as  I  am  aware,  no  royalties 
are  payable.  The  system  was  in  operation  in  America  at 
least  some  three  j-ears  before  it  was  introduced  into  this 
country.  There  is  another  system  not  mentioned  in  the 
paper,  and  to  which  reference  may  be  made  as  a  matter  of 
interest,  namely,  the  Hochstadter,  which  is  said  to  be  exten- 
sively employed  in  Germany.  To  my  mind  it  is  a  clumsy 
method  and  involves  a  considerable  interference  with  the 
design  of  the  cable.  The  system  consists  of  wrapping 
each  phase  of  the  cable  with  a  spiral  conductor,  which, 
however,  is  insulated  from  it.  When  a  fault  occurs  the 
fault  current  is  supposed  to  return  to  the  power  house 
bj-  the  spiral  conductor  and  to  operate  the  relays.  In  the 
early  days  of  feeder  protection  by  these  automatic  devices, 
Merz-Price  and  others,  in  many  instances  the  relays  oper- 
ated from  a  cause  which  could  not  be  ascertained.  It  was 
not  known  whether  the  relays  operated  when  they  should 
not  have  done  or  whether  some  unknown  conditions  in  the 
cable  brought  about  the  action  of  the  protective  system. 
I  should  like  to  know  whether  in  the  present  state  of 
development  the  ratio  of  ascertained  to  unascertained 
causes  of  operation  of  the  automatic  protective  devices  has 
changed. 
[r.  Groves.  Mr.  W.  E.  Groves  :  Referring  to  the  ring  main  shown 
in  Fig.  I,  it  is  a  simple  matter  to  protect  the  sections  E  F, 
F  G,  G  H,  and  the  author  mentions  that  at  each  distribution 
point  the  circuits  are  independent  and  can  be  protected 
as  such  ;  the  busbars,  etc.,  are  not,  however,  covered  by 
his  proposals.  A  comparatively  short  ring  main  may  have 
something  like  a  dozen  works  connected  to  it,  and  assum- 
ing that  at  each  of  these  points  there  is  an  in-going  and 
out-going  switch  connected  to  a  busbar,  the  protection  of 
these  sections  is  of  greater  importance  than  the  protection 
of  the  short  lengths  of  cable  between  the  individual  works. 


As  these  interconnecting  cables  are  far  less  vulnerable  Mr.  Groves. 
than  the  busbar  portions  of  the  ring,  it  seems  unreason- 
able to  cover  tlie  former  and  not  the  latter.  It  would 
appear  lliat  in  dealing  with  ring  mains  the  protection  of 
the  "tees"  formed  b}'  the  switch  panels  and  busbars  on 
consumers'  works  has  not  received  the  consideration  that 
it  merits. 

Mr.  J.  'Whitchkr  (commiinicateii)  :  The  engineer  who  Mr. 
constantly  uses  these  devices  has  the  more  vital  interest  in 
them,  and  I  should  therefore  like  to  emphasize  some  of  the 
facts  that  ought  for  him  to  emerge  from  tlie  discussion. 
First,  there  is  the  distinction  between  those  systems  that 
operate  only  on  a  leakage  or  faults  to  earth,  and  those  that 
operate  also  on  faults  between  phases.  If  a  central-station 
engineer  decides  that  he  will  rely  solely  on  the  former,  he 
can  and  ought  consistently  to  construct  and  organize  his 
distributing  system  to  ensure  that  a  fault  must  be  an  earth 
fault  before  it  can  develop  into  a  fault  between  phases. 
He  can  plan  with  this  intention  from  the  generator  to  the 
consumer's  terminals.  Moreover,  on  his  existing  system 
and  plant  he  can  investigate  the  statistics  and  probabilities 
of  occurence  of  these  two  classes  of  faults,  with  the  more 
or  less  certain  result  of  confirming  his  opinion  that  the 
system  will  be  sufficiently  guarded  by  leakage  devices. 
Now,  if  that  be  so,  a  new  situation  is  created  in  his  war 
against  faults.  The  fault  can  be  definitely  limited  in 
magnitude  by  neutral  resistance.  The  various  discriminat- 
ing expedients  may  assume  a  new  lease  of  life,  when  they 
deal  onlj'  with  leakage  faults  and  are  not  subject  to 
unlimited  rushes  of  current.  When,  however,  an  engineer 
cannot  safely-ignore  the  possibility  of  phase-to-phase  faults 
occurring,  and  these  do  not  give  rise  to  leakage  effects  until 
the  disturbance  is  serious  and  widespread,  or  when  his 
system  is  a  single-phase  or  2-phase  one  with  an  earthed 
leg,  or  is  a  3-phase  one  with  a  solid  neutral  earth,  or  no 
earth  at  all,  then  it  must  now  be  agreed  that  he  cannot 
rest  satisfied  but  must  venture  further  with  contrivances 
such  as  duplex  feeders,  pilot  wires,  or  split-conductors. 
Now  it  is  easy  to  show  a  very  close  relation  between  these 
conceptions.  They  are  derived  from  each  other  quite 
simply,  and  if  the  supply  engineer  recognize  this,  he  will 
realize  more  clearly  how  either  or  all  of  them  will  fit  into 
his  distribution  system,  present  and  future.  Balanced- 
current  protection  originated  in  1903  in  connection  with 
duplicate  feeder  transmission,  and  pilot-wire  protection 
for  the  case  of  a  single  feeder  was  its  twin.  It  was 
clear  that  balanced-current  devices  gave  perfect  and 
instant  discrimination  on  any  "length"  section  of  dupli- 
cate mains.  The  four  switches  controlling  the  ends 
of  such  a  section  would  open  with  decision.  The 
trouble  arises  from  dissatisfaction  with  this  condition. 
We  are  still  anxious  to  add  some  refinement  to  prevent  the 
opening  of  the  two  switches  on  the  sound  feeder  of  the 
pair.  The  valuable  result  first  achieved  was  lost  sight  of 
in  the  desire  to  improve  it ;  and  the  idea  of  the  split- 
conductor  has  brought  it  out  into  the  open  again.  For 
those  engineers  who  have  the  old  systems  of  duplicate 
mains  the  broad  principle  stands  out,  that  these  systems 
can  be  worked  under  split-conductor  conditions,  and  that 
the  more  or  less  successful  refinements  of  inter-locking 
relays,  etc.,  can  be  applied  to  them  so  as  to  keep  in  the 
sound  feeder  of  the  pair.  Failure  of  the  latter  system  will 
but  mean  reversion  to  the  former.    For  an  absolutely 
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COAL   AND    ITS    ECONOMICAL    USE. 
By  P.  S.  Thompson,  Associate  Member. 

(P.i/c-;-  irnd  before  the  Newcastle  Local  Section,  ut  iliihllesbrouiilt,  27  ilaixli,  1914.) 

ABSTRACT. 


According  to  tlie  recent  Royal  Commission  on  Coal 
Supplies  our  coal  reserves  are  147,000  million  tons  or 
(as  estimated  by  the  International  Geological  Congress 
of  iQio)  189,000  million  tons — figures  whicli  suggest  at 
the  present  rate  of  consumption  a  margin  of  500  years. 

Granted  the  necessity  for  economy,  what  are  the  means 
to  be  adopted  towards  this  end  ? 

By  centralization  of  electric  power  supply  consequent 
upon  the  development  of  the  steam  turbine  much  has 
been  accomplished,  but  much  more  may  be  done  with- 
out radical  departure  from  present  practice.  Mr.  Wood- 
house  in  his  address  last  year  as  Chairman  of  the 
Yorkshire  Local  Section-  emphasized  the  necessity  for 
co-operation  between  heat  users  whereby  the  surplus  heat 
from  one  process  might  be  used  in  another.  A  scheme  of 
this  kind  is  in  successful  operation  on  the  North-East  coast, 
■electrical  energy  produced  by  means  of  waste  heat  from 
coke  ovens  and  blast  furnaces  being  distributed  over  a 
wide  area.  Into  the  question  of  the  possible  saving  by 
the  fuller  application  of  electricity  to  haulage  on  railways 
and  driving  in  factories,  the  author  cannot  here  enter  ; 
and  as  to  the  waste  of  coal  used  for  domestic  purposes, 
Mr.  Woodhouse  suggested  a  partial  remedy  in  low-tem- 
perature carbonization,  which  would  allow  of  the  recovery 
of  the  valuable  products  now  lost,  and  yet  leave  a  residue 
containing,  say,  10  per  cent  of  volatile  matter. 

Methods  of  economy,  such  as  those  here  indicated  would, 
in  order  to  be  thoroughly  effective,  have  to  be  undertaken 
on  a  national  scale ;  but  once  undertaken  they  would 
inevitably  lead  to  what  appears  to  be  the  ultimate  solu- 
tion of  the  problem— tiie  almost  universal  use  of  electricity 
or  gas,  according  to  which  of  these  agents  would  best  fulfil 
the  requirements  of  any  particular  case. 

Coal  may  be  regarded  either  as  a  source  of  certain 
valuable  products,  or  primarily  as  a  fuel  without  reference 
to  its  value  in  other  respects.  The  first  point  of  view  is 
now  becoming  generally  accepted  as  that  tending  towards 
true  economy  in  the  use  of  coal. 

.    Coal  as  a  Source  of  Products. 

The  primary  compounds  obtained  by  heating  coal  out 
of  contact  with  air  are  distilled  at  a  temperature  not 
exceeding  930°  F.,  but  above  this  temperature  secondary 
reactions  take  place.  It  follows  therefore  that  not  only 
the  kind  of  coal  but  also  its  treatment  must  be  carefully 
selected  according  to  the  products  required.  In  gas  manu- 
facture, for  instance,  rapid  carbonization  at  high  tempera- 
ture is  required,  but  in  the'manufacture  of  coke  the  process 
is  one  of  slow  carbonization,  the  maximum  temperature 
being  maintained   for   some   time   after  carbonization   is 
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complete.  Carbonization  primarily  designed  to  recover 
h3-drocarbons  is  carried  out  at  a  low  temperature,  which 
is  not  allowed  to  exceed  that  required  to  drive  off  the 
volatile  matter.  This  method  produces  a  comparatively 
small  volume  of  gas  of  high  calorific  and  illuminating 
value,  but  plenty  of  tar  rich  in  light  solvent  oils,  and 
coke  containing  sufficient  volatile  matter  to  permit  of  its 
smokeless  combustion  in  the  ordinary  open  grate. 

In  the  production  of  metallurgical  coke,  however,  the 
conditions  are  different ;  the  temperatures  are  much 
higher  and  the  primary  products  of  distillation  undergo 
secondary  changes  and  simplification.  The  by-products 
of  this  process  when  carried  out  in  recovery  ovens  are 
ammonia,  benzol,  and  illuminating  gas. 

Ammonia. — There  are  several  methods  of  ammonia 
recovery,  but  that  attended  by  least  loss  of  heat  is  the 
so-called  "direct"  method  in  which  the  gases  are  kept 
at  a  temperature  sufficiently  high  to  prevent  any  con- 
densation of  ammonia  vapour.  The  tar  vapour  is  washed 
out  by  a  spray  of  hot  tar  and  the  ammonia  is  finally 
recovered  as  sulphate  by  treatment  with  sulphuric  acid. 
One  hundred  tons  of  coal  coked  yield  on  an  average  one 
ton  of  sulphate  of  ammonia. 

Benzol. — This  is  extracted  by  washing  the  gas  with  an 
oil — usually  creosote  oil — which  has  the  property  of  absorb- 
ing benzol.  The  solvent  oil  is  then  subjected  to  distillation 
to  expel  the  crude  benzol,  which  is  then  rectified. 

In  the  manufacture  of  gas  one  ton  of  coal  carbonized 
produces  one  gallon  of  benzol,  but  in  coke-oven  practice, 
where  the  illuminating  value  of  the  gas  does  not  enter  into 
the  question,  one  ton  of  coal  carbonized  will  yield  about 
three  gallons  of  benzol. 

Much  has  been  said  of  the  future  of  benzol  as  a  motor 
fuel,  but  even  if  all  the  coal  gas  made  were  deprived  of  its 
benzol  and  if  all  coke  were  made  in  recovery  ovens,  it  is 
doubtful  whether  the  benzol  thus  obtained  would  wholly 
supply  the  demand.  Furtlier,  as  the  changes  necessary 
for  such  wholesale  recovery  of  benzol  would  be  of  so 
drastic  a  nature,  it  is  likely  that  benzol  will  still  remain 
a  by-product  rather  than  become  a  primary  object  of  coal 
distillation. 

Illuminaling  gas. — Coke  ovens  with  recovery  plant  are 
now  becoming  established  as  a  source  of  illuminating  gas 
for  town  consumption,  more  particularly  in  America  and 
in  Germany. 

The  rich  gas  produced  during  the  first  stages  of  car- 
bonization forms  the  town  supply,  and  the  poorer  gas  of 
less  illuminating  value  given  off  during  the  later  stages  is 
subjected  to  a  benzol-recovery  process.  It  is  understood 
that  the  Middlesbrough  Corporation  are  about  to  obtain  a 
supply  of  town  gas  from  coke  ovens  on  some  such  plan 
by  arrangement  with  a  local  firm  of  ironmasters. 
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When  raw  fuel  is  fed  into  tlie  furnace  the  following 
cycle  of  operations  takes  place  :  (a)  Raising  of  tem- 
perature to  the  distillation  point  of  the  volatile  matter  ; 
(/>)  the  distillation  of  the  volatile  matter  ;  (c)  combustion 
of  the  volatile  matter,  now  in  the  form  of  gas  ;  (d)  com- 
bustion of  tlie  fixed  carbon.  During  (a)  and  (b)  processes 
heat  is  absorbed  ;  and  during  (e)  and  (li)  heat  is  evolved. 

These  operations  demand  in  the  furnace  :  (i)  A  high 
initial  ignition  temperature  (about  1,300°  F.)  and  sufficient 
reserve  of  heat  to  maintain  the  same  ;  (2)  a  sufficiency  of 
air  witliout  excess  ;  (3)  a  perfect  admixture  of  air  with 
the  distilled  hydrocarbons  ;  (4)  tlie  avoidance  of  premature 
chilling  of  the  products  of  combustion.  These  conditions 
are  met  by  the  provision  of  a  large  combustion  chamber 
Hned  with  refractory  material,  so  constructed  that  the  gases 
are  not  brought  into  contact  with  the  heat-absorbing 
surfaces  of  the  boiler  before  combustion  is  complete- 
otherwise  the  action  of  combustion  is  checked  and  smoke 
will  result. 

With  perfect  combustion  the  flaming  gases  are  trans- 
parent, the  furnace  brickwork  being  clearly  visible  and  of 
a  whitish  red  colour.  For  proper  inspection  a  tinted  glass 
is  necessary,  the  best  being  violet-blue,  on  looking  through 
which,  the  burning  gases  and  fuel  assume  a  lavender-grey 
colour  if  combustion  is  perfect— if  not,  the  flames  will 
appear  as  streams  of  dark  coloured  gas  as  they  do  not  give 
off  radiant  light  of  sufficient  power  to  penetrate  the  glass. 
It  appears  that  perfect  combustion  takes  place  at  a  tem- 
perature such  as  will  produce  rays  capable  of  penetrating 
blue  glass— this  penetrative  power  is  a  measure  of  actinic 
power,  which  is  in  its  turn  an  indication  of  intense  chemical 
action.  An  inspection  through  blue  glass  is  therefore  to 
the  practised  eye  a  valuable  means  of  ascertaining  the  state 
of  affairs  in  the  furnace. 

It  does  not  follow  that  complete  combustion  is  necessarily 
economical,  as  there  may  be  air  present  considerably  in 
excess  of  tiie  chemical  minimum  necessary  to  the  process. 
This  excess  air  having  been  raised  to  furnace  temperature 
carries  away  a  large  amount  of  heat  above  that  required  to 
maintain  the  natural  draught. 

The  draught  or  natural  supply  of  air  to  the  furnace  is 
dependent  upon  the  difference  in  weight  of  the  column  of 
gases  inside  the  chimney  stack  and  the  weight  of  a 
corresponding  column  of  air  outside. 

Draught  is  usually  spoken  of  in  terms  of  inches  of  water, 
and  is  indicated  by  the  difference  in  level  of  a  column  of 
water  in  a  U-tube,  one  end  of  which  is  connected  to  the 
boiler  outlet  flue  just  inside  the  damper,  the  other  end 
being  open  to  the  atmosphere.  To  maintain  a  satisfactory 
difference  in  pressure,  assuming  reasonably  airtight  flues, 
the  temperature  of  the  exit  gases  from  the  boiler  must  be, 
say,  400°  to  550°  F.,  which  accounts  for  roughly  1 1  per  cent 
of  the  total  heat  value  of  the  fuel. 

In  many  cases  this  is  too  great  a  price  to  pay  for  a  com- 
paratively low  draught  which  varies  with  atmospheric 
conditions,  so  that  fans  or  other  means  of  producing 
artificial  draught  have  to  be  installed. 

.A.S  a  high  efficiency  can  only  be  obtained  by  reducing  the 
volume  and  temperature  of  the  waste  gases  to  the  minimum 
consistent  with  proper  combustion,  it  is  necessary  to  keep 
these  two  factors  under  close  observation. 

The  temperature  of  the  exit  gases  depends  not  only  upon 
the  amount  of  e.xcess  air  in  the  furnace  but  also  upon  the 


cleanliness  of  the  boiler  tubes  or  plates.  These  causes  act, 
however,  in  opposite  directions,  since  excess  air  lowers  the 
temperature  of  the  furnace  and  therefore  of  the  exit  gases, 
while  dirty  heating  surfaces  allow  the  gases  to  pass  away 
uncooled. 

The  final  temperature  of  the  exit  gases  may  therefore  be 
the  same  on  boilers  of  widely  differing  efficiencies,  and 
therefore  this  temperature  considered  alone  is  not  a  safe 
guide  to  the  economical  working  of  the  furnace.  Other 
things  being  equal,  however,  the  lower  the  temperature  of 
the  exit  gases  the  higher  the  evaporative  efiiciency  of  the 
boiler. 

A  knowledge  of  the  chemical  composition  of  the  waste 
gases  affords  a  valuable  aid  to  the  control  of  combustion. 
Thus,  when  bituminous  coal  is  burnt,  the  hydrogen  of  tlie 
hydrocarbon  gases  takes  up  oxygen  to  form  water,  and  the 
theoretical  amount  of  CO,  is  therefore  less  than  in  the  case 
of  the  combustion  of  pure  carbon. 

The  theoretical  COj  obtainable  varies  from  about  18 
per  cent  to  a  little  over  19  per  cent,  while  15  per  cent  is  the 
best  result  obtainable  in  actual  practice.  A  percentage  of 
COj  below  the  maximum  possible  indicates  that  the  gases 
are  diluted  with  air,  and  the  diminished  CO^  is  the  measure 
of  this  excess  air.  This  excess  air  for  the  best  practice  is 
therefore  19/15  =  i'25  times,  and  that  of  good  practice 
(12  per  cent)  is  x-6  times  the  theoretical. 

It  is  difficult  to  obtain  more  than  12  per  cent  CO2  with- 
out there  being  CO  present,  and  as  each  i  per  cent  CO 
present  corresponds  to  a  2'2  per  cent  loss  of  the  total  heat 
value  of  the  fuel  it  is  unwise  to  allow  the  CO,  to  exceed  the 
above  amount.  There  are  many  types  of  apparatus  on  the 
market  for  taking  continuous  records  of  the  amount  of  COj 
present  in  the  exit  gases,  but  in  the  author's  experience 
these  are  unreliable  and  have  the  serious  defect  of  not 
taking  cognizance  of  the  presence  of  CO  in  the  gases. 

Since  it  is  better  practice  to  have  10  per  cent  CO,  and 
no  CO,  than  14  per  cent  CO,  and  2  per  cent  CO,  the  results 
of  the  COj  recorders  should  always  be  verified  by  taking 
samples  at  intervals  and  testing  these  by  means  of  an 
Orsat  set  which  allows  of  the  determination  of  the  amount 
of  CO,,  O,  and  CO. 

Heat  Losses. 

The  heat  value  of  the  fuel  in  the  furnaces  is  accounted 
for  as  follows : — 

(i)  The  radiation  loss  which  averages  5  to  7  per  cent  in 
modern  boiler  settings. 

(2)  The  heat   carried  away  in   the   exit  gases,    part   of 

which  in  the  case  of  natural  draught  installations 
must  be  regarded  as  the  cost  of  the  draught. 

(3)  The  heat  lost,  or  rather  not  evolved,  owing  to  im- 

perfect combustion. 

(4)  The  loss  due  to  unburnt  carbon  being  carried  away 

in  ash  and  clinker — this  works  out  at  about  5  per 
cent  for  average  practice. 

(5)  The  heat  absorbed   by  the  lieating  surfaces  of  the 

boiler. 

In  order  that  item  (5)  should  reach  a  maximum,  the 
sum  of  items  (2),  (3),  and  (4)  should  be  reduced  to  a 
minimum.  Item  (i)  being  a  matter  of  construction  is  out 
of  the  control  of  the  operator. 

The  control  of  items  (2),  (3),  and  (4)  resolves  itself  into 
the  adjustment  of  the  air  and  fuel  supply  until  the  most 
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IS  donig  work. 

Mr.  Lunn.  Mr.  J.  R.  P.  Ll'xn"  :  I  am  surprised  that  tlie  author  maUes 
no  reference  to  the  use  of  jias  in  internal  combustion 
engines  instead  of  for  raising  steam.  According  to  thcorj' 
and  test-bed  results,  the  former  should  mai^e  more  eflicient 
use  of  the  gas  than  the  latter,  but  this  docs  not  appear  to  be 
conlirmed  under  ordinary  working  conditions.  I  do  not  agree 
with  the  author  that  coal  should  be  bought  on  a  calorilic- 
value  basis.  If  coal  is  bought  ou  such  a  basis,  the  rejection 
of  deliveries  which  do  not  come  up  to  the  standard,  or  the 
reduction  in  payment  for  such  deliveries,  is  very  liable  to 
irritate  the  coal  owners  or  merchants,  with  the  probable 
result  that  a  margin  is  put  on  the  prices  charged  for  coal 
sold  under  such  conditions  in  order  to  compensate  for 
rejections  or  adjustments  of  price.  The  author  appears 
to  suggest  that  it  is  necessary  to  use  a  fan  in  order  to  work 
boiler  plant  under  the  most  economical  conditions,  and 
■  I  shall  be  very  glad  to  have  more  information  on  this 
point.  An  induced-draught  fan  absorbs  a  considerable 
amount  of  power,  and  for  a  steady  load  it  is  questionable 
whether  a  good  natural  draught  is  not  more  econo- 
mical. For  heavy  loads  of  comparatively  short  duration 
mechanical  draught  is  no  doubt  more  economical  than 
natural  draught. 

Mr.  Taylor.  Mr.  H.  M.  T.iYLOR  :  I  think  that  there  are  still  possi- 
bilities of  profit  in  the  clinker  generation  of  steam.  As 
regards  the  author's  mention  of  the  calorific  value  of 
the  gas,  in  1910  the  standardization  of  gas  for  public 
supply  in  Middlesbrough  was  reduced  by  one  standard 
candle,  i.e.  to  12  c.p.  Then  this  year  powers  have  been 
obtained  to  standardize  the  gas  on  thermic  value  instead 
of  candle-power,  namely  125  calories  per  cubic  foot  of 
gas.  I  think  that  COj  recorders  are  necessary  in  the  test- 
room  of  a  station,  and  the}'  may  be  of  great  value  to  the 
superintendent  of  a  large  boiler-house,  but  they  should 
not  be  placed  in  the  charge  of  stokers. 

Mr.  Wright.  -sU.  J.  Wright  :  I  think  there  can  be  no  doubt  that 
the  gasification  of  suitable  coal  is  a  step  in  the  right  direc- 
tion if  economy  is  to  be  looked  for,  and  I  think  that  the 
power  stations  of  the  future  if  not  run  in  conjunction  with 
a  coke-oven  plant  will  include  a  gas-producer  plant,  and 
will  utilize  the  gas  used  to  fire  the  boilers.  It  seems  to  me 
that  the  present  moderate  prices  of  sulphate  of  ammonia, 
etc.,  would  justify  the  capital  cost  of  such  a  plant.  The 
author  mentions  on  page  185  the  rapid  combustion  of  coal  in 
the  form  of  dust.  I  believe  there  is  a  future  for  this  method 
of  using  coal,  although  it  has  not  made  great  progress  up 
to  the  present.  Some  years  ago  I  assisted  in  carrying  out 
some  experiments  in  boiler  firing  with  pulverized  fuel,  and 
the  results  obtained  were  not  bad.  The  whole  object  of 
such  an  arrangement  is  of  course  to  get  each  particle 
of  dusi  floating  in  enough  air  to  supply  oxygen  for  burn- 
ing it.  Combustion  following  ignition  is  then  quick  and 
complete  (sometimes  too  quick),  leaving  only  dust  particles 
of  unburnt  ash.  It  was,  however,  this  unburnable  ash  that 
caused  trouble,  as  it  formed  on  the  furnace  walls  in  the 
form  of  a  clinker  which  was  quite  impossible  to  be  re- 
moved without  damaging  the  brickwork,  and  it  was  owing 
to  the  heavy  cost  of  brickwork  repairs  that  the  experiments 
were  discontinued.  When  we  had  newly  pulverized  coal 
and  the  burner  adjusted  to  give  the  proper  quantity  of  air 
we  found   that  the  best  brickwork  which  we   could    get 


would  not  stand  the  high  temperatures.  We  had  con-  ^'''-  ^^" 
siderable  trouble  with  the  burner,  as  slight  variations 
in  the  properties  of  air  and  coal  caused  a  tendency  for 
the  flanie  to  blow  itself  out.  Our  experience' also  showed 
that  it  did  not  pay  to  pulverize  the  coal  and  put  it  into 
stock,  because  the  coal  dust  packs  together  into  lumps. 
I  believe  there  is  a  combined  pulverizer  and  burner  on 
the  market  in  whicli  the  coal  is  pulverized  and  mixed 
witli  air  in  a  single  operation  ;  this  seems  quite  a  good 
arrangement.  The  Betlington  boiler  and  furnace  has  also 
been  designed  to  burn  such  fuel,  and  I  believe  gives  good 
results.  While  with  the  same  firm  I  assisted  iii  testing 
a  coal-burning  internal-combustion  engine,  and  I  men- 
tion this  together  with  the  experiment  given  above  as 
being  interesting  from  a  coal-economy  point  of  view. 
I  believe  this  is  one  of  the  only  attempts  that  has  been 
made  to  utilize  the  coal  direct  in  the  engine  cylinder,  and 
from  the  results  then  obtained  I  am  not  surprised.  The 
coal  dust  was  fed  into  the  combustion  chamb_er  through  a 
series  of  valves.  Here  also  trouble  arose  with  the  propor- 
tions of  air  and  coal  dust  ;  it  is  quite  easy  to  see  that  it  is  a 
very  difficult  thing  to  regulate  coal  in  such  a  finely  divided 
state,  and  governing  is  out  of  the  question.  This  was  not 
the  worst  trouble,  however,  as  the  engine  would  only  run 
for  a  short  time  owing  to  the  cylinder  getting  coated  with 
easily  volatilizable  matter. 

Mr.   R.  M.   Longman  :    The  author  has  not  mentioned  ?'■■„„„, 

Longma 

peat  and  ignite.  There  are  large  stores  of  peat  scattered 
all  over  the  world  which  may  be  available,  and  it  is  a  ques- 
tion of  getting  suitable  means  of  utilizing  them.  In  the 
Electrical  Review  of  the  14  March,  1913,  the  use  of  lignite 
at  a  station  in  Rhenish  Westphalia  is  referred  to.  With 
regard  to  the  selection  and  testing  of  coal,  sampling  should 
be  done  regularly,  and  in  the  case  of  a  large  power  station 
such  tests  should  be  made  daily. 

Mr.  D.  E.  Greenwood  :  With  regard  to  the  purchase  of  Mr. 
coal  on  a  calorific-value  basis,  of  course  the  colliery  pro- 
prietors do  not  like  it,  but  when  coal  is  bought  through  a 
merchant  who  knows  that  a  test  is  being  made  periodically 
on  the  coal  supplied,  a  better  quality  of  fuel  is  obtained. 
Any  expense  incurred  through  testing,  therefore,  is  well 
repaid.  The  sampling  of  coal  is  really  the  most  important 
item  of  all.  Any  good  calorimeter  will  test  similar  samples 
to  within  an  accuracy  of  o'3  per  cent.  In  coal-contract 
specifications  there  is  generally  a  margin  allowed  of  2  per 
cent  above  or  below  the  specified  calorific  value  to  allow 
for  errors  in  sampling. 

Mr.  C.  O.   Brettelle  :  I  am   pleased  to  see  that   the  Mr. 
author  places  little  reliance  on  the  CO,  recorder,  which  i 

seems  to  be  a  good  servant  but  a  bad  master.     If  a  stoker  j 

is  told  to  keep  the  CO,  up  to  a  certain  percentage,  he  will 
do  so  at  the  expense  of  everything  else  ;  nevertheless,  I 
saw  some  time  ago  that  it  was  even  proposed  to  make  a 
part  of  the  stoker's  wages  depend  upon  the  amount  of  CO3 
indicated.  With  regard  to  the  question  of  draught,  it  has 
often  occurred  to  me  that  there  might  be  less  trouble 
from  air  leakage  with  forced  draught  than  with  induced 
draught.  With  regard  to  what  Mr.  Lunn  has  said  about  the 
question  of  mechanical  draught  compared  with  natural 
draught,  I  do  not  know  whether  he  took  into  consideration 
the  difference  in  capital  cost  of  the  two  schemes.  That 
generally  has  an  important  bearing  on  the  matter. 

Mr.  S.  Wilkinson  :    With  regard  to  what  Mr.  Green-  wiikins 
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an  unccunoiQical  one  irom  at.'  .   point 

Where  other  power   users  are d,  it   is 

rarely  that  the  cnpltal  expenditure  is  not  justified  by  the 
economies  to  be  effected.  The  author  deals  more  par- 
ticularly with  the  uiilizalion  of  coal  by  burnin}^  it  direct 
under  lH)ilcr>.  I  think  the  real  question  at  the  present 
time  t».  doe-  it  pav  to  gasify  coal  for  u>e  with  steam 
t.it:   i-  It  under  boilers  in-tcad   ni  in   gas 

i1]>;.;k~        1  .     ^.is  engine  is  an  uncertain  iiu.inlity. 

at  aiiv  late  lt>r  use  on  big  power  systems,  and  considering 
it>  iii.inv  di'awbacksl  fear  it  will  luve  to  be  left  out  of  the 
qtic-ih'ii  where  power  production  and  its  distribution  is 
the  principal  purpose  in  view.  The  efficiency  of  turbines 
and  of  gas-tired  boiler  plant  is  conliimally  improving,  and 
it  is  111   this  direct  1    think  progress  will  be  made. 

The  question  is  :  <.  ..to  put  down  a  big  prixlucing 

plant,  with  the  ubjecl  uf  providing  gas  for  use  under 
boilers  ?  In  this  respect  it  seems  to  me  that  those  who 
recommcml  the  use  of  producer  plant  do  not  realize  that 
111,-  >..-  .  n.i,„c  has  not  come  up  to  expectations.  In 
<■  .  scheme  of  this  kind,  the  relative  importance 

>  '  '  ;  iincipal  products  and  the  by-prcHlucts  is  lo  be 
I  :.  :.  lud.  Thus,  in  ordinary  luwn-^a>  inanulaclure  the 
I'  .  nt   of   hi).'  !,    and 

.1.1  c<>kv  rtr  11.     In 

the  f,  the  principal  concern  is  nut 

wit'.  „  .it-  of  gas  and   a   considerable 

amount  of  animonu,  but  it  is  the  coke  which  is  the  chief 
item.  Again,  I  have  heard  of  plants  being  proposed  with 
the  object  of  gelling  the  greatest  quanUlyof  benzol.     Thai 

Vol.  53. 


tuci.       l'rot>at>ly    tlic    scheme    winch    is    roosl 
.    ..<.•  put  into  operation  i»  the  Uond  ]>i—r-~   t>  \.!,-j 
■  '.  Ho  lb.   ol  sulphate  of  ammonia  and 
t.ui.K   ft.  of  gas  per  Ion  of  fuel.     Un  this    ' 
iNj  cubic  ft.   per   unit.  i«ao  kw.-lu>ur«    per 
For  ci>:: 
■I::.  It)    I 

..itely    i.uuu   kw.-huuis.      b> 
t .  ifi  per  cent  of  the  output 
electrical  energy  and   8o  lb.  or  los.  wonh  (4  sulphate  is 
led  to  pay  for   the  gasifying.     I  have  no  accurate  Egures 
to  go  upon,  but  1  believe  a  scheme   uf   this   kind    would 
rcMill   in   a    >u'  T' 

ili.iilit   vary  w 

ilsO  with   the  aiuuuul  u4    IliUiicy    spclU  lU  Ilic    Wa)    uf 

Mr.  P.  S.  Tii 

his  clearer  exp. — . .-.- —  

of  carbon  when  burnt  to-CO,  and  to  CO. 

Mr.  Lunn  remarks  that  nothin;:  '  -   .■  -  '     .■  -"^ 

use  of  gas  engines  as  a  means  to  < 
.utinits  tliat  the   fKrionnancc 
thing  to    be    df-ired       Mr.    N! 
matter  in  his  : 
In  regard  to  in  ; 

case  should  be  treated  on  its  ments,  but  in  a  geocral  way 
when  one  considers  that  the  cost  of  natural  draught  is  of 
t'le  order  of  lo  per  cent  ot  the  heat  value  of  the  fuel  plus 
the  L.,       ."     '  .,..,, 

aftci 
Ix.'  Ill  laVV'Ui  ul  a  :>;;. 

^ta^.k  which  Is  little 

Where  low-grade  luei  is  burnt  requiring   i 

and  upward>,  the  necessity  for  forced  or  in „   : 

is  beyond  question.  I  am  glad  to  know  that  Mr.  Brettelle 
is  in  agreement  with  this  point  of  view. 

With  Mr.  J.  Wright  I  beheve  that  there  is  a  considerable 
future  for  direct   boiler  tiring  bv  ::      . 
I  am  fllad  t€>  hear  lli.ii   iiuiiy  ol   ; 
now  n. 

Ml  'US  the  regenerative  principle  as 

applied    lu    air    inlrodaccd    uitu    luiiia..c>.    ^■>    .. 
Mr.   Wilkinson.     This  is  a  mailer  worthy  •  i   .  . 
sideration,  but  it  would  appear  that  the  lui  cra- 

tures  for  boilers  might  be  rather  unmai:  ..—  >.  ..laout 

3,ooo'  K.  the  brickwork   begins  lo  gi\c  :  ore   par- 

16 
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ticularly  with  coal  containing  an  appreciable  amount  of 
iron  pyrites.  Mr.  Jackson  in  his  recent  paper  '■  referred 
to  this  brickwork  trouble. 

Mr.  Palmer's  remarks  open  up  a  wide  subject  and 
one  wliich  would  merit  full  discussion.  It  is,  however, 
necessarih"  outside  the  scope  of  the  present  paper. 

Mr.  Marshall  has  admirably  summarized  the  question  of 
electric  power  production  in  conjunction  with  the  gasilica- 
tion  of  coal.     Hitherto  the  production  of  electric  power 

•  J.  W.  Jackson.  Sle.im  boiler-working  in  clectric.il  power  st.itioiis. 
Jonrniil  I.E.E.,  vol.  52,  p.  474,  1914. 


has  been  in  the  nature  of  a  by-product,  and  how  far  it  can  Mr. 
be  made  otherwise  is  a  matter  for  very  careful  considera-  """P^ 
tion.  A  decision  is  made  more  difficult  owing  to  the  com- 
parative failure  of  the  gas  engine  for  use  on  large  power 
systems.  Gasification  is  an  essential  step  in  thoeconomical 
utilization  of  coal,  and  it  is  unfortunate  tliat  it  siiould  be 
necessary  to  resort  to  steam  as  a  medium  of  heat  utiliza- 
tion, for,  as  Mr.  Marshall  points  out,  this  means  a  heavy 
loss  in  efficiency.  Whether  it  pays  to  gasify  coal 
primarily  for  steam  raising  for  turbine  machinery  is  at 
present  an  open  question. 


INSTITUTION    ANNOUNCEMENTS. 


ANNUAL   DINNER. 

There    will   be   no   .\nnual    Dinner   of    the    Institution 
during  the  present  session. 

DIVISIONAL   ENGINEERS— ROYAL    NAVAL 
DIVISION. 

The  following  letter  has   been   received    by  the    Insti- 
tution : — 

Copy. 

DiVISION.iL    E.VGIXEERS,    R.N.D., 

2,  TJie  Downs,  Dover  Road, 
Walmcr. 

31  December,  19 14 

The    SECRET.iRY, 

The  Institution  of  Electrical  Engineers, 
Victoria  Embankment,  W.C. 

DE.iR  Sir, 

It  has  now  been  decided  to  form  another  Field  Com- 
pany of  Engineers  for  this  Division,  and  in  view  of  the 
enormous  help  the  Institution  gave  us  previously  in  tlie 
recruiting  of  what  is  considered  to  be  the  best  Divisional 
Engineers  Unit  formed  since  the  outbreak  of  the  war,  'I 
venture  to  hope  that  you  may  again  help  us  in  tlie  raising 


of  the  additional  Company  authorized,  as  I  am  keenly 
desirous  of  having  at  least  two  sections  of  highly  trained 
men. 

It  will  interest  you  to  know  that  nearly  one  hundred 
Commissions  have  been  granted  for  men  of  this  Unit 
since  September  last. 

I  therefore  venture  to  suggest  that  you  circularize  likely 
men  of  your  Institution  who  could  then  apply  direct  here; 
addressing  their  letters  to  Captain  Harrison,  Adjutant. 

Hoping  that  you  will  be  kind  enough  to  let  me  hear 
from  you  in  reply. 

Yours  faithfully, 

(Sd.)  G.  H.  H.\RRisON, 

Captain  R.M., 

Adj  utant. 

It  is  understood  that  the  rates  of  pay  and  the  duties  are 
the  same  as  those  of  the  Royal  Engineers. 

Applications  from  members  of  the  Institution  between 
the  ages  of  19  and  35  should  be  addressed  to  : — 

CAPTAIN  H.iRRISON, 

Adjutant, 

Divisional  Engineers,  R.N.D., 
2,  The  Downs,  Dover  Road, 

Walmer,  Kent. 
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Vlr   T   lvr>LFS    In  mv  .'piiiiKii  lla-rc  u  tilllc  duuM  tlul  ihc 
,,  v  Itrcll  MiiiicXklul  nr^lrclrd 

I  ^ ^iid  Mich   lc>(>  at   lu\c   Imxu 

I  rii  corned  out  in  *  rallicr  pel  I  uiictury 

II..                 V  'all     new    pUnI    ik    lc»ted    very 

flu  i<     ;.'    .\    ..  :»  luve  often  been  tuipilKxl  lluil 

w  I   o(    llic 

I  Htr  Itol 

c.i  1  at 

I!..,.:  .  ■■..to 

mc  when,  a»  »  ie»ult  u<  an  acceptance  tcM,  I  tiave  com- 
p'  ■ '  "■  •'  ■  •  " '  ••••  did  not  come  up  ti>  -"—  •'•■  -uoa, 

I  >lu»  had  proved  ^1  1^- 
V.  .111!  ciiccled 
,  :hjt  tlic  plant 
\.                                                                                               n.     Mad 

.lilt   had 
;  It  ctiuld 

h^  -  --.    ,         lasers  or 

(be  c  When  ;  .4  turbine  plant   1   have 

found  \<.<  <  V  i.!>iderabte  ii.iii.>..ii....^  in  Ihc  steam  consump- 
tions put  furw.trd  by  the  x-arious  firms  tendering ;  for 
instance,  1 1  consunipUonsfor  a 

5.000  kw.  -  I  to  ihe  extent  of 

I I  lb.  per  ku.-liuur.  1  LsUiiiatcd  tl1.1l  I  luc 
of  I  10  lb.  of  steam  was  under  our  con                           i.tng 

£500,    and    I     therefore    discussed    the    question 

:he  representatives  of  the  lirms  which  1  considered 

could  be   relied   upon   to   substantiate  their   figures,  and 

I    was  mioriiicd   that    the    low    figures   submitted    could 

not    be    obtained    on    test      I     explained    that     in    tliat 

Cisc  the   plant   would  be   rejected,  and    was   tuld    tliut  if 

rejrclion    was   iiisi-lcd   upon    we   should    be   acting   vcrv 

I'  from  most  people,  and  that  it   was  upon  this 

:  icl    llut    careful    acceptance    trials    were   often 

.ide  tliat  firms  putting  forward  very  low  steam  con- 

lous    traded.      Where    tests    were    made    and    the 

itee    figures    were    not  obtained,    the   matter   was 

•lied  by  a   shglit  reduction  in  the  purchase  price 

I  cd   and    accepted.     In    view    of    the   .luthor  s 

un  as  to  llic   capilalizcd   value  of  even    1  10   lb.    of 

l^er  kw.-hour.  I   ihiiik    it   will   l>c   agrei.l   that   if  an 

!   a  careful  test  to  be  m.idc 

1  ,       :.    he   is   not  only  doing   an 

ce  to    his   employers    but   also   acting    unfairly  lo 

lirms   who   put    forward    reliable    figures.     .\t  the 

t  time  a    variation  of  i/io  lb.    in   the    steam   con- 

.itiiig  set  running  at  a  high  load  factor 

jc  lo   the   purchaser  and   also  to   the 

iially  clause  is  iiiscrled 

^c   tc»t>   ^hould   be   ex- 

^  .ids  In  the  question  whether  in 

\  small  ones,  the  salaries  attached 

'  llic   position-,  of  assistants  will   ensure    that    suitable 

■•■•'    <i.     ivoilable  for  sui^rintending  the  carrying  out  of 

•   l"«|>cr  hy  Mr.  \V.  M.  Stl%iy  («<  p.  ioa 
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•I'OWKU    I'l^ANT   TKSTING."* 
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intricate  tr«1tng     3»    natufsllv  the   ihtrt  rnf^nrrrt  Csnwit  *•• 


•f 
■n 
■a 
<i 

All 

A 

;!• 
.rf 

* 

j4 


gn 

tlK.        .--     . 

to  this.  It  Is  I 

Olti>        '         ' 

th. 

plalil.      . 
two    v< 
U; 

and  as  »  lesult  ol 

all  the  sources  ol  v. ;  •  - -  -- 

such  tests  are  found,  there  is  a  possibihty  tliat  by  the  time 
^inutar  \'.  cxt   performed   many  of  the  |>uiiils  may 

have  l><  cii.     It  seems  to  me.  therefore,  that  there 

i^  I  ■  '-4 

ih,  ■-* 

ol  wink    nc  > 

Ik.|Il    III    Ihc  ;e 

method  of  testing,  and  coiiseqm  in  a  lar  l»eiicr 

(xisition  to  Conduct  reliable  tesl>  ~..l  be  accepted  by 

both  purcliascrs  and  manufacturers.     Finally,  it  is  CMcniial 
that  the  men  engaged  on  '  '     .  "    n 

with    -.tich  lest-.   -.Iiii  lUl    hi  at 

Bi  a. 

tui-  ,  -e 

well  provided  tor  in  regard  10  meals. 

Mr.  W.  A.  Chuisti-wsos  :    It  seems  to  me  thai  the  ><•  c*"» 
testing    of    power    plant    might    be    divided    iaio    three 
different   classes.     First,    the    ac  -       •     •    ■      -ee  that 

the    plant    complies    with    the  J.    the 

on:  .  Uiut   lo  ■  'le 

st.i.  c-    plant  ig 

elficienliy    .1  as 

taking  ol  re..       ^  . ajy 

station  staff,  with  the  object  of  helping  to  maintain  the 
efhciency  at  the  hig^.c^t  working  \-alue  and  of  -   ■   ;p 

any   sources  of   loss.     Steam    pressuie   and   :  e, 

CO..  draught,  tluc  tcinpci  >  .  .e 

all  of   great  assistance  in  ^  J 

tests,  and  1    ccri  -.  :it 

repays   itself.     I-  .i, 

given  by  such  inslruiiieiiis  might  not  ol  c'oursc  rd 

unless    checked    against     special     test    instru -ud 

measurements.     Boiler  testing  is  really  not  oiilv  a  iiuuter 
of   boiler   efficiency  but  of   boiler  ai- '  ■    -  cv 

combined.     While  a  complete  eva;  .d 

ci'  .  -    test    will  4 

le  ivl.   a   fl  ,  .  -4 

IS  ..  le 

tlu  •< 

ascertained,      lo    keep  tlie  elliciciic\    ol    ^  .1- 

linuously   at   a   maximam   is   somewhat    <..■■..  a> 

|H>iiited  out  by  the  author,  this  has  been  *•>'  e 

use  of  CO,  recorders.     When  th.  .1  ii  i» 

surprising  to  noie  wliat  Urge  '.  in  the 
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flue-gas  analysis  under  the  ordinary  conditions  of  worliing. 
Unfortunately,    these    instruments    require     considerable 
looking  after  if  their  readings  are  to  be  reliable.     In  many 
power  stations  it  is  often  diflicult  to   measure  the  steam 
consumption  of  a  generating  set  or  the  evaporation  of  a 
boiler  without  making  alterations.     I    think   it  is  a   most 
important  point  in  power-station  design  to   see   that  any 
unit   of   plant  can  be  tested  under  normal  working  con- 
ditions.    If  consideration  is  given  to  this  point  in  the  first 
instance,  much  trouble  is  aftervi'ards  saved.     Many  of  us 
can  probably  recall  instances  where  special  arrangements 
had  to  be  made  in  order  that  tests  might  be  carried  out  on 
a  plant,  with  the  result  that  after  the  lirst  official  test  little 
or  no  further  testing  was  done.      This  also  raises  the  point 
whether  generators  should  be  tested  on  a  water-tank  load 
or  the  ordinary  supplv  load.     In  my  opinion  the  latter  will 
usually  be  sufiicient.     With  regard  to  coal  testing,  I   think 
the  best  method  is  to  do  regular  sampling  and  approxi- 
mate analysis,  coupled  with   occasional   firing  tests  on  the 
boiler  grates.     The  latter  need  not  be  an  evaporation  test 
but    simply    a  test    or    observation    to    show   the   firing 
qualities  of   the  coal,  quantity  of   coal   able   to   be   burnt, 
draught,  nature  of  clinker,  etc.     The  author  draws  atten- 
tion  to   the   burning   of   known   bad    coals   on    separate 
furnaces,  and  while  agreeing  with  this  principle  it  is  not 
always   easy    to  carry  out  owing   to    this    fuel   having  to 
be    handled    and    kept  separate   from  the    other    coals. 
This      arrangement     might     be      pursued     further     by 
burning  the  more  inferior   coals   at    times   of   light   load 
and  retaining   the  better  coals   for   times  of  heavy   load. 
The     same     difficulties     would,    however,     arise      with 
regard  to   bunkering,    etc.     I    agree    with    the    author's 
remarks   as   to   the    difficulty    of    burning    coals    having 
a   large    percentage   of  duff,   and    of   the   low   efficiency 
that     results.     What     is     wanted    with     such     coals     is 
more  agitation,  and  this  is  absent  in  stokers  of  the  chain- 
grate  type.     A  practical  way  of  reducing  the  trouble  is  to 
wet  the  coal  slightly,  and  tliis  also  assists  in  reducing  the 
tendency   to   form  clinker.     With  regard    to  the  measur- 
ing of  condenser  circulating  water  by  the  thermal  method, 
the  dryness  fraction  of  the  steam  entering  the  condenser 
must   be    taken    into    consideration    in    calculating    the 
quantity  of  heat  in  the  exhaust ;  if  this  point  is  overlooked 
considerable  error  will  result.     I  should   like  to  ask  the 
author  what  is  his  practice  in  making  such  tests  and  how 
he  arrives  at  the  above  figure.     The  dryness  fraction  can 
be  approximately  calculated  from  the  temperature-entropy 
diagram  and  by  assuming  an  adiabatic  expansion  of  the 
steam.     I  have  found   this  to  give  fairly  reliable  results  ; 
the  calculated  figure  for  the  amount  of  circulating  water 
can  be  roughly  checked  from  the  probable  efficiency  of 
the  motor   and   pump.     The   author  has  also  referred  to 
the  electrical  method  of  testing   condensers   for   leakage 
water  ;  I  take  it  lie  refers  to  the  conductivity  meter  as 
made  by  Messrs.  Evershed  and  Vignoles.     In  making  such 
tests,  however,  great  care  must  be  taken  to  get  accurate 
results,  and  tests  must  be  made  on  both  the   condensate 
and  the  circulating  water  at  the  same  time,  as  in  tidal 
rivers   and   even   with  cooling  towers  the    nature  of  the 
water  is  liable  to  vary.     The   electrical   method,    though 
useful  in  certain  cases,  has  its  limitations. 

Mr.  H.  W.  MoRLEY  ;  This  paper  appeals  to  me  because 
for  something  like  30  years  I  have  been  interested  in  all 


kinds  of  steam  testing,  and  the  author's  remarks  largely  M; 
confirm  the  results  of  my  own  observations.  I  find  par- 
ticularly that  the  personal  element  in  testing  is  exceedingly 
important.  Of  about  100  observers  with  whom  I  liave  had 
to  deal  I  have  not  had  more  than  perhaps  10  who  could 
be  relied  upon  for  any  continuously  careful  testing.  It 
seems  to  me  that  there  is  no  doubt  whatever  that  careful 
testing  of  all  works  plant  should  be  made  by  the  owners 
of  that  plant.  These  tests  could  not  in  the  ordinary  way 
be  accurate  within  3  or  4  per  cent,  but  they  would  be 
useful  in  comparing  the  proportions  of  the  various  parts 
of  the  plant  and  in  guiding  the  engineer  in  future  exten- 
sions. Putting  the  argument  in  another  way,  it  is  quite 
easy  to  buy  a  good  and  efficient  turbine  and  generator 
and  to  lose  the  advantage  owing  to  the  incorrect  pro- 
portions of  the  boilers  to  that  plant.  Coming  next  to 
the  question  of  contractors'  acceptance  tests,  on  close 
guarantees  only  those  should  carry  out  these  tests  who 
have  spent  a  considerable  time  on  expert  testing  and 
know  how  to  convey  instruments  from  one  place  to 
another  successfully.  I  attach  little  importance  to  favourit- 
ism in  the  making  of  a  test.  It  is  said  that  the  contractor 
will  favour  his  own  plant  and  that  the  buyer  will  tend  to 
test  the  contractor's  plant  under  the  most  stringent  con- 
ditions. In  connection  with  electrical  instruments,  the 
author's  argument  is  one  that  I  have  never  seen  put  so 
lucidly  before,  namely,  that  the  idea  is  to  reproduce  on 
test  the  conditions  which  exist  in  the  National  Physical 
Laboratory.  I  should  also  like  to  confirm  the  results  given 
on  page  112,  and  to  say  that  10  per  cent  of  CO,  and  300'  F. 
final  temperature  can  be  considered  satisfactory.  I  also 
agree  with  the  author  that  the  only  satisfactory  way  to 
test  coal  is  to  buy  not  less  than  10  tons  and  test  it  in  the 
boiler  itself,  for  heat  values  obtained  whether  by  analysis 
or  in  a  bomb  calorimeter  are  not  altogether  satisfactory. 
The  tendency  at  present  is  to  reduce  the  area  of  the 
surface  condenser  below  that  which  is  practically  safe. 
Results  obtained  with  a  dirty  condenser  are  much  inferior 
to  those  obtained  with  a  clean  one,  so  that  if  the  surface 
of  the  condenser  is  too  small  it  entails  more  frequent  clean- 
ing than  if  a  larger  area  had  been  used.  The  author  said 
that  the  figure  of  o'3  in.  of  mercury  had  not  been  criti- 
cized. I  should  consider  it  an  excellent  result,  but  to  give 
0'4  in.  would,  I  think,  be  more  satisfactory.  In  conclu- 
sion, I  would  repeat  that  I  think  all  power  plant  of  what- 
ever kind  and  however  small  should  be  tested  and  con- 
tinuous records  kept.  Where  this  has  been  done  and  the 
graphic  method  has  been  used  both  in  testing  and  in  the 
daily  tests,  I  have  found  that  this  method  will  quickly 
show  errors  on  the  one  hand,  and  unsatisfactory  readings 
on  the  other,  forming  at  the  same  time  an  additional  check 
on  the  final  figures  taken. 

Mr.  H.  E.  Yei^bory  :  I  think  that  the  .author's  view  in  M 
regard  to  the  period  of  from  8  to  10  years  for  the  com- 
plete obsolescence  of  boilers  and  turbo-generators  will  in 
most  cases  be  looked  upon  as  ideal,  and  will  not  be 
seriously  acted  upon  in  practice.  Happy  is  he  whose 
undertaking  is  in  such  a  good  financial  position  that  he 
can  replace  out  of  revenue  plant  8  to  10  years  old.  Of 
course  the  class  of  station  and  conditions  of  working  in- 
fluence very  largely  such  a  proposition.  Whilst  I  admit 
that  the  bonus  and  penalty  clause  has  become  a  leading 
feature  in  specifications,  the  payment,  or  enforcement  as 
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With  regard  to  the  working  of  boilers, 
on  an  avcrafjc  of  to  per  cent  CO,  is  I 
r  34  hours.  The  average  working  con- 
.ilurc  of  about  500*  F.  for 
and  285  F.  on  leaving 
i.i>.  uitil  all  avtiajjc  of  4  per  cent  CO  ,  which 
fairly  good.  I  a};ref  with  the  author  that 
special  grates  and  brickwork  arc  required  for  varying 
classes  of  fuel,  and  that  mixed  fuel  cannot  economically  be 
us«d  on  all  classes  of  stokers.  After  15  years'  experience 
of  ir-"  ■-  '  'r.iughl,  I  am  more  than  ever  convinced  as  to 
its  I  especially  with  fluctuating  loads  and  varying 

i)uali:iL.~    .1    fuel.      I    think   the  author   is   ev  Iv 

generous  in  siiL^i^esting  that  a  loss  of  J  per  cent  1  v 

should  be  allowed  after  a   turbine   has  been  \m>i  king  lor 

II  months.  1  know  ^on^c  lirms  who  are  prepared  to  work 
lo  a  specification  calling  for  the  same  steam  consumption 
after  13  montlis'  working  as  was  obtained  on  the  original 
test.  Others  are  willing  to  guarantee  that  the  decrease  in 
elHcieiicy  will  be  not  more  than  i  per  cent  after  u 
nioiitli>  :  and  Nubicct  10  deposit  being  kept  off  the  blatics, 
aiii'  i-'qual,  1  think  that  i  per  cent 
sill  author  sugfjests  a  decrease  of 
3  per  cent  alter  each  vear,  then  I  heartily  agree  with  him 
that  plants  should  l>c  looked  upon  as  obsolete  after  the 
suggested  period  of  from  8  to  10  years. 

Mr.  J.  H.  Shaw;  With  reference  to  Mr.  Yerbury's 
remarks  about  scrapping  plant  in  eight  years,  1  should 
like  to  state  that  our  last  J.ooo  kw.  of  load  abiove 
i),ooo  kw.  comes  on  during  November  and  goes  off  early 

III  l.iiiu.iry,  and  that  during  this  time  it  generates  only 
ioi>,oo»  units.  The  most  economical  plant  that  we  tiave 
generates  a  kw.-hour  at  a  cost  of  alwut  o'id.  I  estinute 
that  the  peak-load  plant  supplies  a  unit  for  considerably 
less  than  o  3d.,  making  a  difference  of  ;i,'}k>  in  a  year.  The 
last  boiler  is  coupled  up  about  the  13th  November  and 
taken  out  about  the  30th  January';  it  runs  for  45^  hours 
in  that  lime,  so  that  a  dittereoce  of  i  per  cent  in  ettjciency 
makes  a  diticrciicc  of  lu*.  a  year.     In  a  big  power  supply 
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author  s  tigurc   of    £,n.oi.<i  can   hardly  be  ■ 
mately   the    correct   value,      litis    estimate   is   based   on 
8,000   hours   per   annum,   which   averages  S2    hours   per 
dav  for  361;  davs  on  the  full  (highest  efticicnc>  •  load,  and 
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be   more   so  in   the   future.  .;    to   per 

annum  for  interest  and  other  costs  of  capital,  instead 
of  the  authors  figure  of  ;fl4.ooo,  the  x-aluc  would 
then  be  more  like  £3,000.  or  about  one-cigbth  o*  that 
mentioned  in  the  paper.  1  should  like  ti  '  —  -"--s  on 
the  point  that   It  is  quite  as  important  to  •  the 
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ctTiCK-iicy  so  obtained  may  t>e  ml  or  even  negative  1  ihuik 
that  inspection  is  quite  as  importaiit  as  tesung  1  should 
like  to  ask  what  range  of  error  the  author  has  louiid  to  l^ 
due  to  air  leal '  '  "'      .: 
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Mr.  The  figure  would  be  useful  for  reference,  as  gas  velocities 

Burnand.  ^^^  likely  to  bc  greatly  increased  in  the  future,  the  limit 
apparently  being  reached  in  the  Bonccourt  boiler,  wliere 
the  gas  velocity  exceeds  the  combustion  propagation  rate. 
In  any  specification  it  ought  to  be  clearly  stated  what  the 
tests  will  be  and  who  is  to  pay  for  them,  or  what  pro- 
portion of  the  cost  is  to  be  borne  b)'  each  party.  If  we 
propose  to  work  with  absolute  certainty  to  anything  like 
the  figures  mentioned  in  the  paper  the  tests  will  prove 
e.\pensive. 
Mr.  Mr.  R.  N.  C.VMPION  :  I  also  have  looked  into  the  point 

Cniupion.  „^^(jg  i^y  ^,j,._  Burnand  about  a  7,500  kw.  plant  working 
with  a  50  per  cent  load  factor,  and  I  agree  with  the  figure 
deduced  by  him.  It  seems  to  me  that  fixed  guarantees 
and  penalties  are  very  diflicult  things  to  manage,  because 
from  80  per  cent  to  90  per  cent  of  the  cost  of  the  plant  must 
be  paid  before  these  tests  can  be  begun,  and  then,  as  various 
speakers  have  said,  there  is  a  difliculty  about  arranging  a 
compromise  if  the  results  do  not  agree  with  the  figures  in 
the  tender.  I  think  it  would  be  a  good  thing  to  get  these 
allowances  standardized.  There  is  a  question  which  I 
should  like  to  ask  the  author  in  connection  with  the 
damping  of  the  coal.  I  have  found  that  by  damping  slack 
we  get  something  like  2^  per  cent  less  ash  than  we  do 
with  dry  coal.  We  also  certainly  think  that  it  burns 
better,  and  as  we  supply  our  own  water  we  do  not  pay 
for  the  slack  being  washed  by  the  colliery  people.  With 
regard  to  that  other  point  of  the  author's  as  to  a  boiler 
evaporation  from  30,000  to  18,000  lb.,  I  have  had  the  same 
experience  in  another  way.  When  I  have  about  a  five- 
eightlis  load  on  the  boiler  if  I  want  to  increase  it  by  another 
eighth  I  find  it  is  half  an  hour  before  I  can  get  steam  up. 
The  steam  pressure  will  drop  30  lb.  and  there  is  a  big 
blanketing  effect — although  the  fires  are  thick  and  without 
holes,  and  the  draught  right — and  I  have  not  so  far  been 
able  to  overcome  this  disadvantage  with  the  chain-grate 
stoker.  In  connection  with  the  testing  of  instruments  and 
returning  them  to  the  National  Physical  Laboratory — this 
did  not  take  place  at  the  station  with  which  I  am  con- 
nected, but  it  occurred  a  little  time  ago  in  a  fairly  big 
works.  They  were  having  a  test  made  on  rotary  con- 
verters and  the  commercial  instruments  which  were 
suppHed  with  the  switchboard  differed  by  as  much  as 
4  to  5  per  cent  from  the  test  instruments.  As  the  test 
instruments  brought  up  the  test  to  about  94  per  cent  effici- 
ency the  engineer  said  he  did  not  like  that  figure  at  all, 
and  so  both  sets  of  instruments  were  sent  back  to  the 
National  Physical  Laboratory.  Now  I  understand  that 
both  these  sets  of  instruments  had  been  declared  to  be 
correct.  What  was  the  engineer  to  make  of  that  ?  The 
author  asks  for  some  particulars  to  be  filled  in  on  cooling 
towers.  I  find  that  the  temperature  of  the  air  is  the 
chief  governing  factor  of  the  temperature  of  my  cooling 
towers.  It  seems  to  regulate  everything. 
Mr.  Mr.  W.  HoLEHOUSE  :    I  am  giving  particular  attention 

■  at  present  to  the  cooling  tower,  the  difficulty  of  which  is 
that  it  has  no  standard  specification,  and  therefore  in 
testing  plant  it. is  necessary  for  attention  to  be  given  to  this 
point  so  that  the  different  parts  of  the  plant  are  somewhat 
more  in  line  with  the  installation  which  is  put  down. 
Undoubtedly  a  scheme  can  be  devised  whereby  a  boiler, 
generator,  and  auxiliaries  can  run  "on  a  line"  so  as  to  form 
a  basis  of  a  station  for  testing  purposes.     A  cooling  tower 


general!}'  performs  a  certain  duty,  viz.  that  of  reducing  the  Mr. 
temperature  of  so  many  gallons  of  water,  and  this  bears 
no  proportion  to  the  load  that  can  bc  put  on  it.  Therefore, 
the  test  on  a  cooler  does  not  give  the  total  leakage  on  the 
station,  although  as  it  is  the  last  part  of  the  power  station 
it  ought  to  give  some  idea  of  how  the  plant  in  general  is 
running.  The  author  quotes  figures  assuming  70  lb.  of 
water  per  lb.  of  steam,  but  in  practice  I  have  seldom 
come  across  such  a  proportion.  May  I  ask  him  to  state 
whether  it  is  possible  in  putting  down  a  power  plant  to 
stipulate  the  maximum  power  that  can  be  afforded  for 
driving  the  auxiliaries.  In  this  way  we  can  arrive  at  a 
maximum  quantity  of  water  which  can  be  circulated 
through  the  condensers,  and  over  the  cooling  towers. 
Then  whatever  load  be  put  on  to  the  turbine,  the  tempera- 
ture of  that  quantity  of  water  will  alter,  thus  giving  for 
light  loads  a  very  much  better  vacuum  on  the  turbine. 
I  think  that  this  would  prove  more  profitable  to  the  station 
than  would  fixing  an  upper  limit  of  temperature  obtained 
from  a  fi,\ed  vacuum. 

Mr.  W.  M.  Selvev  {in  reply)  :  Mr.  Roles  has  put  the  Mr.  Seh-e 
case  for  accurate  testing  in  a  very  clear  way.  Though 
personally  I  should  always  have  been  in  favour  of  making 
measurements  in  the  most  accurate  way  possible,  I  should 
not  have  thought  it  worth  while  bringing  the  matter  before 
the  Institution  had  it  not  been  for  the  growing  popularity 
of  the  bonus  and  penalt)'  clause,  which  is  really  only  a  side 
issue  of  a  much  larger  idea  in  our  modern  business  life, 
namely  "  payment  on  results."  Put  in  another  way  ;  is 
the  reward  to  the  inventor,  designer,  or  manufacturer  to  be 
simply  so  much  per  cent  on  works  costs,  or  is  it  to  be  in 
proportion  to  the  benefit  resulting  to  the  community  ? 
I  have  felt  that  in  engineering  it  is  difficult  to  bring  home 
to  the  buyer  the  relative  merits  of  the  different  proposals 
made  to  him,  and  in  analysing  the  situation  I  saw  that  in 
some  cases,  such  as  that  of  power  plant,  it  ought  to  be 
possible  to  reduce  a  few  of  these  merits  to  reliable  figures. 
Business  people  have  shown  their  willingness  to  pay  on 
results,  and  the  best  manufacturers  have  also  shown  that 
they  are  willing  to  substantiate  their  guarantees.  It  would 
therefore  seem  that  the  third  link  in  the  chain  was  the 
technical  assessor,  who,  to  be  of  any  real  service,  must 
necessarily  have  the  confidence  of  all  parties.  That  the 
heads  of  our  large  power  enterprises  are  fast  becoming 
purely  business  men  needs  no  better  proof  than  my 
quotation  from  Mr.  Roles'  address,  which  I  used  in  reply  to 
the  London  discussion.  I  think  that  such  a  tendency  is 
inevitable,  not  only  because  of  the  size  of  the  business,  but 
also  because  of  the  action  of  committees  ;  which,  consisting 
of  business  men,  are  always  bringing  the  business  point  of 
view  to  the  front  and  discussing  it  with  their  engineer,  or 
perhaps  I  ought  to  say  their  engineer  manager.  This 
results  in  the  latter  being  less  and  less  free  to  devote 
time  to  the  technical  side  of  the  undertaking,  and  calls 
for  more  and  better  paid  technical  assistance. 

I  am  glad  to  have  the  support  of  Mr.  Roles  in  the 
monetary  value  of  efficiency.  With  a  lower  load  factor 
than  I  have  taken,  and  for  a  machine  of  about  half  the  size, 
he  estimates  the  value  of  i  lb.  per  kw.-hour  as  ^5,000. 
Moreover,  he  says  that  recent  quotations  showed  a 
difference  of  li  lb.  of  steam  per  kw.-hour,  which  is 
surprising.  There  are  really  only  two  types  of  turbo- 
alternators  generally  put  forward,  and  I  am  convinced  that 
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»lr.ivk-!>  u<tcii  !>how  the  way  the  wind  is  blowin)>.  Kroiii 
time  to  (inic  in  station  work  routine  tots  undoubtedly 
should  he  nude.  Regular  routine  tesliii}<  wa>  organucd 
lyv  Mr.  Mcr.!  iii  Ilic  North.  Tins  could  eaMlv  be  done  there 
because  Ihc  >t.>iions  had  been  laid  out  to  periiut  il.  It 
involved  no  ci'^l  .i^  rc^ard>  the  waste  ot  }K)Wer  nor  did  il 
interfere  w:;';  i!ic  ruulinc  work  of  the  station.  Kverv 
pound  I  .it  w*ent  into  the  turbine  or  was  producetl 

by  a  boi.'.-  -  ,  -J  to  generate  electrical  eiicrg)-,  and  this 
could  be  sold  exactly  as  if  the  machine  was  not  being 
tested.  It  only  meant  closing  a  few  switches  and  operating 
a  few  valves  in  order  to  put  a  ^et  on  test.  \Vc  had  a  few 
tra;:  who   were   normally   engaged    in    the 

ufii.  :    the  Company,  suflicient  in  number  so 

tlial  wc  Luiild  call  on  say  four  to  six  who  might  be  nl0^t 
at  hberty  at  the  time.  Testing  never  gave  us  any 
particular    trouble  when   these    men   were   available. 

After  the  acceptance  test  has  been  done  thoroughly,  and 
then  routine  tests  occasionally,  by  always  watching  record- 
ing instruments  the  state  of  the  plant  can  easily  be 
gauged.  I  left  recording  instruments  purposely  out  of  the 
paper  bccau-*  1  have  been  dealing  largely  with  acceptance 
tests.  The  more  reliable  recording  instruments  we  can  get 
the  better  it  is,  but  we  want  to  be  certain  about  the  con- 
stancy of  their  inspection,  and  secondly  that  they  are  so 
arranged  that  if  desired  the  engineer  is  in  a  position  to 
check  them  himself  one  against  the  other.  Thus  the 
weigh- bridge  could  t^  used  at  least  once  a  year  to  check 
the  water  recording  instruments,  but  should  itself  be 
regularly  iii>pected,  cleaned,  and  stamped. 

I  •;  'n  of  the  dryness  of   the  exhaust  t-> 

noi  .  the  thermal  method.     Indeed  fiv  <  .it 

balance  we  have  the  only  method  of  arriving  at  what  the 
dryness  traction  really  is.  From  the  known  heat  input  is 
subtracted  all  the  out-goings  of  mcclianical  work,  whether 
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that  the  contractor  wiU  not  adhere  to  his  bargain.     Such 
cases  have  not  come  within  my  eipenence.     Perliaps  there 
were  disputes  on  other  matters  cx-'imected  with  these  cases. 
The  . 
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notice  only  include  one  decimal  point.     1  UiiiU  1  did  not 

suggest  that  an  average  of  to  per  cent  of  CO.  in  the  linaJ 

tlue  gases  was  ever  attained,  but  I  think  t>  per  cent  might 

l>e  III    commercial   working.      The   former   figure   i>   a\A 

dilhcull  to  ^el  in  the  case  of  a  test. 
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details.  With  the  reaction  type  of  turbine  much  of  the 
loss  can  be  recovered  by  a  moderate  amount  of  periodic 
re-bladin<^  at  the  high-pressure  end.  With  the  impulse 
type  any  damage  to  blades,  generally  accidental  in  all 
cases,  is  a  rather  more  difiicult  matter  to  deal  with.  Good 
cises  are,  however,  on  record  with  both  types  where  a 
well-designed  and  well-run  machine  has  gone  for  years 
without  any  signs  of  deterioration. 

In  reply  to  Mr.  Shaw,  I  have  said  elsewhere  that  after 
eight  years  the  plant  is  not  scrapped,  it  is  peak-load 
plant,  and  his  facts  are  the  best  coniirmation  of  what  I 
meant.  Far  from  scrapping  plant  in  the  North,  I  do  not 
think  that  there  is  any  apparatus,  except  perhaps  some  very 
small  generating  sets  taken  over  from  other  companies, 
which  is  not  in  a  position  to  do  excellent  work  if  required, 
but  such  plant  is  never  in  a  position  to  prejudice  the  running 
costs.  Ever)'  big  turbine  that  is  added  to  Bradford  will, 
however,  minimize  the  dependence  on  that  small  amount 
of  peak-load  plant.  I  can  quite  believe  that  Mr.  Shaw 
has  been  in  earnest  about  his  testing,  after  hearing  Mr. 
Roles  say  that  contractors  tell  him  they  can  always  get 
through  their  tests  everywhere  else  but  at  Bradford, 
which  city  when  one  looks  up  records  has  been  the 
training  ground  of  several  successful  municipal  engineers. 
The  specialist  will  always  be  glad  of  all  the  assistance  that 
he  can  obtain  from  the  station  staff.  By  the  expression 
"back  of  the  boiler"  should  be  understood  the  uptake  or 
downtake  through  which  the  flue  gases  leave  the  boiler. 
It  is  indifferent  to  the  heat  balance  where  the  leakage 
occurs ;  the  only  thing  that  matters  is  how  much  heat 
does  it  carry  away. 

In  reply  to  Mr.  Campion,  I  think  the  running  hours 
given  would  not  be  remarkable  for  a  good  modern  turbine, 
even  as  an  operation  point.  Mr.  Campion  also  suggested 
that  there  is  a  difficulty  about  the  completion  of  the  bargain 
made  over  a  "bonus"  or  "penalty"  clause.  If  this  is  so 
in  many  cases,  surely  a  legal  clause  can  be  specially  drawn 
to  deal  with  it.  I  am  perfectly  certain  that  there  are  manu- 
facturers who  could  be  depended  upon  to  the  very  last 
penny,  if  there  were  no  other  points  at  issue.  The  allow- 
ances must  be  settled  in  the  specification,  and  as  they  may 
be  up  or  down,  the  contractor  takes  the  risk  if  he  makes 
them  inaccurate.  To  damp  coal  certainly  makes  it  burn 
more  freeh'.  I  have  made  some  careful  measurements  on 
the  point,  and  obtained  about  i  per  cent  more  CO2  with  a 
damped  coal.  Very  little  damping  is,  however,  required, 
and  it  can  be  so  easily  overdone  that  it  is  a  dangerous  prac- 
tice to  recommend.  The  only  reason  that  I  can  suggest 
for  it  is  that  it  may  cause  a  larger  volume  of  radiant  flame. 
Mr.  Campion  touches  on  a  weakness  of  the  induced-draft 
chain-grate  stoker.  To  raise  steam  quickly,  what  is  wanted 
is  a  very  much  higher  speed  of  grate.  To  thicken  the  fire 
is  no  uso  without  localized  forced  draught.  Interesting 
developments  are  now  going  on  in  this  direction.  Mr. 
Campion's  story  about  the  instruments  which  differed  on 
test  and  not  at  the  calibration  is  the  best  case  of  which  I 
have  heard  in  support  of  my  practice  of  drawing  encourage- 
ment from  the  fact  that  we  can  almost  invariably  get  3-phase 
meters  corrected  by  their  calibration  figures  to  agree  to 
2  or  3  parts  in  a  1,000  on  site,  and  on  full-load  and  long 
tests  to  agree  often  more  closely.     The  difficulty  is  to  re- 


produce the  calibration  conditions.  A  steam  meter  is  a  Mr.  Scivey. 
very  difficult  problem.  A  simple  Pitot  tube  can  only  be  an 
approximate  indicator,  no  doubt  very  useful  but  not  for 
acceptance  tests.  Mr.  Hadley's  paper*  showed  what  hard 
thinking  and  clever  construction  was  necessary  in  order  to 
evolve  a  satisfactory  air  meter.  The  steam  meter  which  I 
believe  is  also  being  studied  in  the  same  connection  is  a 
still  more  difiicult  problem. 

I  am  glad  that  Mr.  Burnand  has  brought  forward  the 
money  question,  as  I  hoped  that  the  discussion  would 
indicate  what  would  be  a  fair  basis  for  a  valuation  of  the 
efficiency.  It  seems  that  it  depends  not  so  much  on  the 
machine  as  on  what  is  to  be  made  of  it,  and  hence 
the  bigger  the  machine  the  still  larger  in  proportion  should 
be  the  value  attached  to  efficiency.  Even  then  it  is  not 
so  simple,  since  the  buyer's  conditions  will  have  changed 
after  the  machine  has  been  running  a  year  or  so  and  he  is 
considering  his  next  extension.  So  in  many  cases  the 
initiative  may  be  taken  by  the  contractor,  who  may 
himself  suggest  the  risk  that  he  is  prepared  to  accept.  In 
the  matter  of  settling  how  the  efficiency  is  to  be  obtained, 
there  is  even  more  benefit  to  be  gained  by  looking  into 
such  questions  when  drawing  up  the  specification  than  in 
testing  after  the  money  has  been  spent,  but  I  am  somewhat 
diffident  in  suggesting  that  this  is  also  a  question  for  the 
specialist. 

In  answer  to  Mr.  Holehouse,  what  we  know  as  the 
"unit  system"  or  as  he  says  plant  "on  a  line"  is  un- 
doubtedly one  of  the  finest  possible  aids  to  a  complete 
knowledge  of  power-plant  performance.  There  are,  how- 
ever, very  few  stations  where  this  idea  has  been  carried 
out.  The  amount  of  heat  to  be  dissipated  in  a  cooler  is 
undoubtedly  a  measure  of  the  "  inefficiency  "  of  a  station 
for  a  given  number  of  units  generated.  As  regards  the 
quantity  of  cooling  water,  I  think  that  the  amounts  will 
rise  to  70  times  the  condensed  steam,  principally  because 
attention  is  much  more  focusscd  on  the  condenser  than 
on  the  cooler.  The  large  quantity  of  water  employed 
gives  a  high  condensation  rate,  due  to  its  high  velocity 
through  the  tubes,  and  it  enables  the  exposed  surface  to 
be  reduced.  I  think  there  will  never  be  any  return  to 
amounts  as  low  as  50  times,  which  would  probabh'  need  a 
3-  or  4-pass  condenser  in  order  to  maintain  modern 
reputations.  The  larger  the  size  of  the  turbine  the  more 
likely  is  the  quantity  to  be  on  the  high  side.  This  there- 
fore gives  the  conditions  for  modern  cooling  towers,  all  of 
which  must  perforce  deal  witfi  water  at  about  95°  F.  and 
reduce  its  temperature  to  80°  F.,  this  drop  of  15°  F.  being 
entirely  settled  by  the  ratio  of  the  amount  of  circulating 
water  to  the  condensed  steam  and  corresponding  in  this 
^  case  to  about  65  times.  These  figures  apply  to  the  full- 
load  conditions.  The  mean  temperature  of  So'  F.  will 
vary  between  75'  F.  in  winter  to  about  85'>  F.  in  summer, 
the  top  temperature  varying  just  a  little  more  in  either 
direction,  due  to  the  effect  of  vacuum  on  the  economy  of 
the  turbine.  This  still  gives  a  margin  of  6'5°  F.  from  the 
steam  temperature  corresponding  to  a  vacuum  of  2  in.  of 
mercury  absolute  (28  in.)  which  I  have  indicated  as  a 
likely  aim  for  future  big  sets. 


*  A.  E.   Hadley. 
vol.  51,  p.  2,  1913. 
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Mr.  Mr.  R.  M.  Longman-  :  I  quite  agree  with  the  author  that 

Longm.in.  pj,pfp„(  .„jjj  pressure  transformers  and  instruments  for 
alternating-current  testing  should  all  be  carefully  calibrated 
together  and  only  the  proper  instruments  connected  to  the 
various  instrument  transformers.  The  accur.icy  of  many 
instrument  transformers  is  nuUiticd  by  the  habit  of  fixing 
too  many  instruments  to  them.  Potential  transformers 
especially  should  only  be  very  lightly  loaded,  and  it  is  also 
strongly  advisable  that  efliciency  tests  should  be  made  at 
unitj'  power  factor,  as  any  phase-angle  error  on  either 
current  or  pressure  transformers  is  thereby  rendered 
negligible.  The  phase  angle  becomes  of  considerable  im- 
portance for  tests  which  are  made  at  low  power  factor. 
Some  tests  recently  made  on  a  potential  transformer  of  a 
well-known  make  with  the  coils  of  two  integrating  meters 
connected  to  it  showed  a  phase  angle  of  rather  more  than 
half  a  degree.  This  angle  on  tests  at  o'5  power  factor 
would  make  a  difference  of  about  2  per  cent.  This 
emphasizes  the  necessity  of  knowing  the  load  and  the 
nature  of  the  load  on  any  current  or  pressure  transformer. 
Of  course,  this  can  be  measured  or  calculated  and  allowed 
for,  but  verj'  often  it  is  omitted.  My  own  experience  of 
contractors'  instruments,  etc.,  is  tliat  these  have  invariably 
been  incorrect  and  against  tlie  contractors.  A  point  in 
connection  wuth  shunts  for  continuous-current  instruments 
either  for  integrating  meters  or  ammeters  is  the  necessity 
for  plentj'  of  metal  in  the  connecting  ends  of  the  shunt 
and  that  connections  should  be  made  to  it  symmetrically 
so  as  to  avoid  stream-line  effects  in  the  shunt,  thereby  in 
some  cases  making  a  difference  of  i  per  cent  or  more.  I 
think  that  the  author's  remarks  concerning  the  slackness  of 
college-trained  men  apply  equally  well  or  rather  better  to 
premium  pupils.  It  is  a  question  of  keenness  and  true 
perception  of  the  requirements. 
Mr. Selvey.  Mr.  W.  'M.  Selvey  {in  reply):  In  reply  to  Mr.  Hall- 
Brown  in  defence  of  my  plea  for  greater  accuracy  in  the 
testing  of  large  prime-movers,  I  would  suggest  that  the 
change  from  testing  at  the  maker's  works  to  testing  on  site 
caused  b}'  growth  in  the  size  of  generating  sets  has  really 
called  for  a  slight  advance  in  practice,  and  parlicul.irly  for 
making  provision  in  station  design  for  periodic  testing.  In 
marine  work  even  more  emphasis  is  placed  on  reliability 
than  in  power-station  work,  since  generally  no  spares  can 
be  carried,  and  the  lack  of  ability  to  keep  running  will 
under  certain  circumstances  mean  the  total  loss  of  the 
ship.  As  long  as  there  is  supposed  to  be  a  conflict  between 
efficiency  and  reliability,  so  long  will  improvements  in 
efficiency  be  received  with  suspicion  ;  though  tliis  attitude 
is  breaking  down  as  shown  by  the  increasing  number  of 
Diesel-engine-driven  boats  now  in  commission.  I  have 
already  dealt  with  ■■'  the  question  of  the  8  to  10  years' 
equated  fife,  which  as  Mr.  Hammond  subsequently  pointed 
out  is  practically  the  same  as  the  15  years'  full  life.  The 
question  of  accurate  measurements  as  applied  to  condenser 
design  has  certainly  had  a  marked  effect  during  the  last  five 
years,  having  thrown  into  relief  points  which  before  were 
almost  unsuspected. 

In  reply  to  Mr.  Johnson  Wright,  may  I  take  it  he  has 
noted  a  gradual  improvement  in  the  way  acceptance  tests 
are  being  conducted.  These  are  receiving  close  attention 
at  the  hands  of  the  purchasers  of  large  sets,  and  in  the 
shadow  of  this  larger  question  the  power  taken  bj'  the 
•  See  page  143. 


auxiliaries,  now  quite  considerable,  is  also  being  carefully  Mr.  Sslvc 
investigated.  As  regards  the  question  of  the  difficult  coals, 
this  could  certainly  be  partly  solved  by  the  travelling  shoot 
introduced  at  Hackney,  which  enables  a  supply  to  be 
taken  from  any  bunker  without  much  additional  labour.'  I 
think  that  this  scheme  will  be  of  great  advantage  if  used 
for  distributing  extra  good  "nuts"  to  tlie  boilers  over  the 
peak  load.  As  regards  a  correction  for  scale  in  a  boiler,  I 
am  perhaps  somewhat  prejudiced  in  preferring  a  "  milk  " 
scale  on  the  back  end  tubes  of  a  boiler.  The  front  tubes 
of  course  work  best  when  quite  clean.  With  a  multi-pass 
boiler  this  amount  of  scale  will  hardly  affect  the  efficiency. 
With  the  old  type  of  Lancashire  boiler,  which  had  a  small 
surface,  it  would  affect  the  final  temperature  appreciably. 

In  regard  to  the  use  of  the  thermal  method  as  against  the 
Venturi  meter,  my  point  is  not  a  strong  one.  What  one 
wishes  to  know  really  is  what  is  the  mean  temperature  of 
the  circulating  water  between  its  inlet  and  outlet.  The 
effect  of  varying  quantities  of  water  on  this  mean  tempera- 
ture is  small  when  the  total  rise  is  between  12°  F.  and  17°  F., 
and  is  well  defined.  If  used  for  testing  the  efficiency  of  a 
pump  the  method  is  much  less  direct  than  the  Venturi 
meter  method,  which  is  then  preferable.  If,  however,  this 
means  leaving  the  meter  in  circuit  continuously,  the 
increase  in  power  is  an  appreciable  amount  of  the  total 
power  taken  by  a  low-lift  pump.  Hence  I  would  prefer  to 
test  the  pump  at  the  maker's  works  with  nozzles  or  V- 
notches  if  high  accuracy  seems  desirable.  Nevertheless, 
very  close  agreement  has  been  obtained  between  the 
results  on  site  by  the  thermal  method  and  those  given  b}' 
the  manufacturer's  curves.  As  regards  the  question  of 
signalling,  I  have  stated  what  I  have  been  led  to  by  my 
own  experience,  and  I  have  found  many  points  in  its 
favour. 

Mr.  Longman's  remarks  confirm  those  made  by  Mr. 
Fawssett,*  and  I  am  glad  to  have  this  confirmation  of  what 
I  have  said,  as  many  members  are  strongly  of  the  opinion 
that  the  steam  consumption  should  be  specified  for  the 
power  factor  on  which  the  machine  will  be  generally  run. 
I  still  fail  to  see  how  we  can  get  far  astray  in  purchasing  a 
machine  which  complies  with  the  contract  in  giving  a 
certain  efficiency  on  unity  power  factor  and  a  certain 
temperature  rise  on  the  required  lagging  power  factor.  If 
an  attempt  is  made  to  cut  down  the  iron  and  copper  in  the 
machine  by  using  excessive  ventilation,  this  ventilation  will 
appear  as  a  windage  loss  on  the  unity  power  factor  test.  In 
any  case  it  would  be  well  with  any  electrical  machinery  to 
satisfy  one's  self  in  regard  to  the  relative  volumes  of  active 
iron  and  copper  in  competing  machines.  Mr.  Longman 
confirms  the  reasons  for  my  desiring  to  test  at  unity  power 
factor  for  the  sake  of  instrumental  accuracy.  His  ex- 
perience vindicates  the  contractor  as  regards  his  dis- 
interestedness, but  suggests  other  thoughts.  He  joins  with 
me  in  drawing  attention  to  the  need  for  accuracy  in 
continuous-current  shunts. 

In  conclusion,  with  regard  to  college  graduates,  Mr. 
Longman's  experience  is  common  to  many  of  us  who  have 
had  to  depend  on  them.  What  I  said  was  kindly  meant,  as 
a  spur  for  increased  keenness  in  the  future.  They  have 
shown  in  other  directions  that  they  have  the  capability 
when  the  keenness  is  there,  so  that  what  is  wanted  now 
is,  as  Mr.  Longman  says,  perception  of  the  requirements. 
*  P.ige  131. . 
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Ue  Valbrviuc,  K.    \Vicrlr»  Trlri'ijph   Coipt,    Liculciuiil 


T<-iiil> 


l<  I) 

w  s 


(K  N  V  K  1  Cluct   I'cllv 


W4tl<r,  C. 

WiV      T    M    \V 


Sootb  UuMlii  Ui>tfu;  U 

U  V  \'  K 


l><MtaM~-ii,  ].  M. 

1                               KillcCuriH 

Captain 

W  1 ..  ■ '  .  II    '  1 

K                  ,. 

A    H. 

K 

Majijr 

Y.mng,  H.  W 

Luodon  ScuUMi 

LiciMcaaid 

>.  K 

1                             .   Eii|:iiieer>, 
K  K. 

Majur 

A- 

Hall   V  T 

U;\  i>:  inil  Kii;jinccr»,K.N.l) 

Sappei 

Allingham.  G.  C. 

Di                                        «  D. 

|jnre-Cori«l. 

!                   K  W 

1                              .It 

C«|>ljiii 

■Alty.  J  X. 

Ai                                ICN.V.R  1 

an 

\ 

1 

Captain 

Aml^rtoii,  R. 

I.V.                                   :> 

H.  T 

A                              >(R  N  VKI  Able  Scainjii 

AndrcMt,  H.  G. 

.Vcl>«>ii    Hail,   kox-al    N'aval 

but>-Lirtit 

1 Sir  K.. 

K 

Gtriicial     and 

Dn;-!.  II 

G.ca.  C.M.G. 

Col.     C<.m- 

.\iigMiii,  A.  S. 

L 

r 

nuiidant 

.\rdcrii,  .A. 

1). 

: 

l|j>Uin.  S.  b. 

51  h  Welsh  kcRt 

Lieutenant 

Arnold,  C.  L. 

k                       11  ,\rtillery 

Haues.  K  B  O. 

.\nli-Aircra(l  Corps  iK.N.V.K 

Able  Seaman 

.Vtkins,  A   11. 

k.. y 

:-.- --I 

Hciidcrxin.  I'rol. 

Adiuirjity  Sum  Ouly 

B.idcr.  F.  k. 

i»lli  k.yal  We-t  Kent  Rcgt. 

Ma)or 

J  B 

Bailiie.  r.  C. 

k ^    -Mcfy 

1    .   .i,....,i 

H..ldcn.  H  C.  L  . 

Suff  -  Director    Mccliaiiicul 

Colonel 

Baldwin.  II.  R. 

k                           11 

CM,  KKS 

Transport 

Battye,  B.  C. 

k 

M.pkm-.ii.  Prof. 

auubridi:c  University  OT.C. 

Major 

Bjiisoii,  H.  K. 

G                                ^M  RE 

H.,  K.K  S. 

Hinyon,  B. 

k 

l.;e-.  < 

H..u-4rd.  H  L 

Royal    Engineers   (T.F   Re- 
serve) 

Lieutenant 

Bland.  .M    l, 

1.                                           crs. 
k  1.. 

3lld  I 

L;ia,  A   il 

I  St   Northumbrian  Brigade, 

Capuin 

Bowkcr,  R  B. 

ko\-al  Engineers 

Major 

RK.A 

Boxall.  G.  F. 

I),                              s,RX.D 

Sapper 

Leigh.  F.  A.  C. 

Western      Signal      Service, 

Licui-Col. 

B..yd,  W.  B. 

D:.                           ^.RX.D. 

Sapper 

RE. 

Bradwell,  G. 

R.                      :.  .Uiillerx 

-        •. 

Lk  Kossii;nol.  A  E 

London  Electrical  Engineers, 

Lieut.-Col. 

Brandreth,  W   K. 

7.h                  M 

RE. 

Bnmelow,  H.  .\. 

U.                              -,RX.D. 

^H<i 

Lewis,  H.  D  W 

isl  Field  Ambulance,  Welsh 

Officer   Com- 

Broad. R.  A. 

li... 

1  !<nHc«snt 

.Army  Corps 

manding 

Brown,  G.  J.  L. 

4th  ^. 

'■                 |4- 

U.tcr.  J  F. 

Southern  Signal  Ser\'ice,  RE. 

Lieut.-Col. 

Brown,  H. 

Royal  h 

. 

Loos.  .4   E. 

DiMMonal  Kn(;iiiccrs.  R  X.D 

I^nceCorpl. 

Brown,  T.  .K. 

\..nolk  Yomaiiry 

Ttoo|<ct 

MlUIUd,  W. 

17th  Nortlmuibcilaiid  Fusi- 

Snd Lieut. 

Br..wn,  W. 

L.nl    :.  r„:,cr-,tvO.T.C. 

Cadet 

liers 

Brown.  W.  F. 

StI                            ..-gt. 

Lance-Corpi. 

Marshall.W  H  r. 

D.rt>«:t  (F..rtrcs.s)  RE. 

2nd  Lieut. 

Bruce-Kiligsmill,  J 

R*^;-                  \            \ 

Lieut.-Col. 

M..XWC1I.  W.  L. 

17th  Royal  Fusiliers 

Corporal 

Buckt..ii.  W.  W 

British  Red  t 

.McJiCJ.  P.  D 

Royal  Engineers 

Captain 

Bullough.  A.  W. 

loth  Royal  F-  

Prix-ale 

tUvcr.  (J.  T  \V. 

Riiy^  Engineers 

Captain 

Munn,  W. 

London  Electrical  Engineers 

,  Capl   A  Hon 

OXIcara.W  A.J.. 

Royal  Engineers 

Major 

R.E. 

Major 

ClIU 

Campbell.  C.  M. 

Tyiie  Electrical  Engincirrs.R  E  Captain 

l-oolcy,  K 

Anti-Aircraft  Corps  (R.X.V.R.)  Able  Seaman 

Carey-Thomas.  H. 

London  Signal  Service.  R  E. 

Capuiii 

Prangi.cll,  N.  \V. 

Anti-AircnJt  Corps  (R.N.V.R.) 

.\ble  Seanun 

Carver.  W.  M. 

.Army  Service  Corps 

Ljeulcuaiit 

Pviie.  A.  P. 

Tyncmouth  R.U.A. 

Lieulriiatit 

Challoncr,  T 

Gl..-               K  stress)  RE. 

jml  !    r-' 

Ridley,  H   W. 

Anti-Air>.Ta/t  Cor|W(R.N.V.R.)  Able  Seaman 

Chappie,  F.  j. 

N.                      1  RG.A. 

Car 

k  ..»e  F.  O.J. 

Royal  Cjarrixm  .\rtillcry 

Lieutenant 

Church.  H. 

E-                           '■  E. 

Cori^-:  Ji 

K\:.k.  R.  M.  C.B. 

Royal  Engineers 

Maj.  General 

Clark,  R.  W. 

Dl.                                    :s.R.X.D. 

Sanger 

Saiikcy.  H.  K. 

Royal  Engineers 

Capuin 

Clarke.  F.  C. 

LoiiJ.ii  hJccliKai  tngiocers. 

Lieut  eiLoiii 

Sclicnuiin-Lui,  G. 

French  Army  Engineers 

Lieut.-Col. 

R.E. 

Sparks,  H   C. 

I-              ~     ttish 

2nd  Lieut. 

Cluna>.  J.  F. 

Di^             '     .inecrs,RX.D. 

Sappc! 

SUrtord,  C  S 

.\                    .  i:  Corps 

Lieutenant 

Collins,  D.  S. 

R.                    .rs 

Capuin 

SUnley,  k. 

kosal  hiigiiieers 

CapUin 

Coanan.  J.  C. 

In>jx.^;v^  ul  Ordnance  Ma- 

Lieutenant 

SliLirt,  A   M 

Director  o(  Works 

Brig. -General 

chinery 
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Associate  Members— coiitiiiitcd. 


Cope,  H.  A. 


Raul;. 
Lieutenant 


Corney,  H. 
Cresswell.H.G.B. 
Crossley,  C.  E. 
Cunliffe,  J.  G. 
Cunliffe,  R.  G. 
Davidson,  A.  E. 
Davidson,  C.  H. 

Davies,  L.  H. 

Davis,  V.  O.  I. 
Davison,  H.  J.  G. 
Dickinson,  A.  J. 
Digby,  W.  P. 

Dillon,  T.  F. 
Dobson,  W. 
Dodds,  J.  W. 

Dubbin,  J. 
Dumjohn,  F.  P. 
Dutch,  E.  J. 
Edger,  H.  A. 
Ehvin,  E.  P. 
Emmott,  H. 
Ewer,  G.  G. 
Ferrier,  S.  K. 
Foster,  F.  W. 

Frank,  R.  A. 
Franks,  H.  W. 
Fraser,  A.  R. 

Eraser,  G.  G. 
Friend,  R.  H. 
Frost,  P.  B. 
Fuller,  W.  P. 
Gates,  A.  E.  H. 


Gibson,  J.  S. 

Gilbert,  J. 
Goulden,  C.  H. 
Grace,  C.  B. 
Graty,  T.  R. 
Grierson,  R. 
Grover,  E.  E. 

Gundry,  W.  L.  D. 
Hann,  C.  S. 

Hardie,  C.  C.  A. 
Harris,  L. 
Harrison,  H.  M. 

Hart,  H.  M. 

Henrici,  E.  O. 
Herron,  G.  F. 
Higgins,  C. 
Hill,  F.  A. 


Corfis,  etc. 
London  Electrical  Engineers, 

K.E. 
Royal  Engineers 
London  Signal  Service,  R.E. 
6th  Notts  and  Derby  Regt. 
iSth  Manchester  Regt, 
Royal  Garrison  Artillery 
Royal  Engineers 
1st   Northumbrian  Brigade, 

R.F.A. 
14th     Royal     Warwickshire 

Regt. 
Royal  Engineers 
iSth  Royal  P'usiliers 
Southern  Signal  Service,  R.E. 
London  Electrical  Engineers, 

R.E. 
Divisional  Engineers,  R.X.D. 
Royal  Naval  Reserve 
Northern    Cvclist  Battalion 

(T.F.) 
Herts  Yeomanry 
London  Signal  Service,  R.E. 
2nd  King  Edward's  Horse 
Divisional  Engineers,  R.N.D. 
Divisional  Engineers,  R.N.D. 
Royal  Army  Medical  Corps 
7th  Essex  Regt. 
Divisional  Engineers,  R.N.D. 
5th     Royal     Warwickshire 

Regt.  (Reserve) 
7th  Liverpool  Regt.  (Reserve) 
Army  Service  Corps 
London  Electrical  Engineers, 

R.E. 
5th  Cameron  Highlanders         Private 
Honourable  Artillery  Company  Private 
Royal  Engineers  Sapper 

Divisional  Engineers,  R.N.D.     Sapper 
Westminster  Dragoons  Yeo- 
manry 
.  R.N.V.R. 
Royal  Naval  Division 


Associate  Members — continued. 


Sergeant 
Lieutenant 
Private 
2nd  Lieut. 
2nd  Lieut. 
Captain 
Actg.  Bombar- 
dier 
Private 

2nd  Lieut. 
Private 
Major 
Lieutenant 

Sapper 
Eng.  Commr. 
Lieutenant 

Sergeant 

Sergeant 

Trooper 

Sapper 

Sapper 

Sergeant 

Captain    . 

Sapper 

Lieutenant 

Sergeant 
2nd  Lieut. 
Sergeant 


Corporal 


6th  Manchester  Regt. 
Royal  Garrison  Artillery 
Kent  (Fortress)  R.E. 
Royal  Engineers 
Divisional  Engineers,  R.N.D. 
14th  Northumberland  Fusi- 
liers 
5th  Devonshire  Regt. 
Public  Schools  Batt.,  R.N.D. 


Lieutenant 
Ordinary  sea- 
man 
Private 
2nd  Lieut. 
Captain 
Sapper 
Lieutenant 
Lieutenant 

Lieutenant 
Ordinary 
Seaman 
Lieutenant 
Gunner 


Royal  Engineers 

2nd  King  Edward's  Horse 

Westminster  Dragoons  Yeo-    Trooper 

manry 
Honourable  Artillery  Com-       Gunner 

pany 
Royal  Engineers  Captain 

Royal  Naval  Air  Service  Lieutenant 

London  Divisional  R.E.  Lieutenant 

London  Electrical  Engineers,   Sergt.-Major 

R.E. 


Kanie. 
Hills,  R. 
Hipwell,  L.  W. 
Hodson,  W. 
Hogarth,  L.  B. 
Holland,  H.  N. 
Hollington,  A.  J. 
Holroyd,  H.  C. 
Hough,  S.  J. 
Hoyle,  E. 

Humphery,  S.  W. 
Hunstone,  \^.  H. 
Hunter,  E.  B. 

Hurlbatt,  E.  S. 

Hutton,  J.  C. 
lies,  F.  A. 
Jackson,  E.  W. 
Jackson,  L.  E.  S. 
Johnson,  A,  L. 

Kay,  E.  W. 
Kaye,  G.  W.  C. 

Kidd,  G.  W. 
Kinder,  H.  F.  A. 
Kirkby,  H.  M. 
Kirkpatrick,W.D, 
Lamb,  L. 
Law,  J.  W. 
Lawson,  F.  A. 
Lefeaux,  E. 
Le  Feuvre,  C.  G. 
Lefroy,  H.  P.  T. 
Levin,  A.  E. 

Lloyd,  N.  V. 
Lyell,  J.  C. 
McCarthy,  A.  J.  P. 
McNaughton,  A. 

G.  L. 
Mallinson,  G.  G. 

Manners-Smith, 

J.  A. 
Marsh,  H.  H.  S. 
Martin,  D. 
Massie,  L  W. 
Masters,  F.  H. 

Mathews,  S. 

Maxwell,  K.  G. 

Mayes,  A.  E. 
Mead,  W. 
Merrett,  W.  H. 

Middleton,  E.    . 

Miller,  N. 

Milliken,  R.  C. 


Corps,  etc. 
6;h  Notts  &  Derby  Regt. 
3rd  Royal  West  Surrey  Regt. 
TOth  Royal  Sussex  Regt. 
1  ith  Border  Regt. 
Army  Service  Corps 
1st  Railway  Batt.  4th  Queen's 
Hants  (Fortress)  R.E. 
Oundle  School  O.T.C. 
Honourable   Artillery   Com- 
pany 
London  Signal  Service,  R.E. 
Divisional  Engineers, R.N.D. 
London  Electrical  Engineers, 

R.E. 
7th   Manchester    Regt.    (ist 

Reserve) 
6th  South  Staffordshire  Regt. 
Royal  Engineers 
St.  John  Ambulance  Brigade 
Inns  of  Court  O.T.C. 
London  Electrical  Engineers, 

R.E. 
Divisional  Engineers,  R.N.D. 
London  Electrical  Engineers, 

R.E. 
Royal  Navy 
Royal  Engineers 
1st  London  Scottish 
R.N.V.R. 

West  Lanes.  Divisional  R.E. 
Glamorgan  (Fortress)  R.E. 
19th  Royal  Fusiliers 
Kent  (Fortress)  R.E. 
Army  Service  Corps 
Royal  Engineers 
London  E  lectrical  Engineers, 

R.E. 
6th  Manchester  Regt. 
Anti-Air  craftCorps(R.N.V.R.) 
Royal  Engineers 
2nd  Canadian  Artillery  Bri- 
gade 
Lancashire     and     Cheshire 

R.G.A. 
i6th  Middlesex  Regt. 

and  London  Divisional  R.E. 

5th  Cameronians 

Royal  Engineers 

London  Electrical  Engineers, 

R.E. 
London  Electrical  Engineers, 

R.E. 
6th   Manchester    Regt.    (rst 

Reserve) 
8th  Hampshire  Regt. 
Warwickshire  Rifle  Corps 
London  Electrical  Engineers, 

R.E. 
London  Electrical  Engineers, 

R.E. 
Divisional  Engineers,  R.N.D. 

London  Electrical  Engineers, 
R.E. 


Rniil;. 
Captain 
and  Lieut. 
Private 
Lieutenant 
2nd  Lieut. 
Private 
2nd  Lieut. 
2nd  Lieut. 
Corporal 

Major 

Sapper 

Lieutenant 

and  Lieut. 

Corporal 

Major 

Sergeant 

Private 

Sergeant 

Sapper 
Captain 

Eng.  Lieut, 
and  Lieut. 
Sergt.-Major 

Lieutenant 

Lieutenant 

Private 

Captain 

Private 

Captain 

Captain 

Private 
Able  Seaman 
Sapper 
Major 

Captain 

Private 

Major 
Col.-Sergt. 
and  Lieut. 
Captain 

and  Lieut. 

Captain 

Major 

Private 

,  Captain 

Sapper 

Warrant 
Officer 
and  Lieut. 
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AskiCUT*   MKMHIM— (VaflNUf./. 

AmucUT*  Mi  w                    / 

•V.liUr . 

Coi^  cU 

R.ink. 

-V.iw/. 

Hamk. 

Miin«->.  i;.  c. 

<Uli    K(>v4l    l.,«iK-««lrr    Kri;!. 

LirulciianI 

Sluw,  1-    it. 

K..V.                      --.'« 

\Ar-> " 

Miulirll.  N. 

Kiiyal  .N*vjl  Aii  Scivitv 

Lieutenant 

Sheppaid.  K.  G. 

1                             kK 

<■  •; 

Mollrl.  )   L 

.lid  Kovjl  St.il*  Kuoilieri) 

it\i\  Lieut. 

s..:.    \    s. 

.,,,;... a.«Jcr« 

I'lli  ^«: 

Muiikh.m»c,S.  E. 

Tvitc   Klevlricjl   Kiiijinreis, 

Liculeiiaiii 

■^             \ 

Eiec.  ArtilKCr 

K.K 

Siiiiih,  A    It. 

N                               '   ^  1 

C".  ir-  tal 

Ilixirr.  I).  J. 

Ho>-al  HyinB  Curpv 

I'ilol 

Smith,  A.  1'. 

1 

1  Jl  -i', 

Mom  I,  \V,  C. 

|i>lll    kii\.ll    l'UMlicl% 

l»rivate 

Smith.  T.  A. 

1 

1 

Morixw,  II    K 

DiMMoii.il  Kii^i^inrci  <«,  K. N'.l). 

Liculeiunt 

S|H:ir,  K.  K.  N. 

u 

Mimiiljiii,  K.  A. 

T\ne   Elr«.'lii>.4l    Engineer*, 

Liculenani 

;   H. 

1  ■                                               ■,  L) 

Maj  : 

kE 

!      G. 

\                                        N  V  k  I 

AI4C  Seaman 

Mouklrv.  J.  H. 

Ea>l  l_iiK.i>liiic  k.E. 

Majoi 

-             .L.ll. 

!•                               Hi.. 

Captain 

Mi>rw.  I..  U.  1- 

I^iMiliiii  KIctiiK  jl  Eiii:ineer>, 

kE 

joth  koval  Ku«ilien. 

Lieutenant 

^.llimlcr^,  1..  F. 

y                              AuulLiry 

Engineer 

Mullitirr    A    M 

Corporal 

T:.l!>•^,  W.  A. 

1                             <-!>  K.N.D. 

Corporal 

Ml                      II. 

I)i\i>it>ii.il  Engiiicero,  k.N'.l>. 

Sap|*r 

A. 

1 

Sergeant 

X.i, 

k.\  v.k. 

Suh-Licut. 

.    S. 

1                                         Fusi- 

Lteutc itaiil 

\.ipici.  I-.  l». 

Am,  Aiu                    ;\.V.k.) 

.\hle  Seaman 

liers 

NcIm.ii,  Cm.   1) 

1\"\.''    •'^■'*              ^                       '  !>■■« 

Chiel       I'etlN 

Tavl.r,  K.  I. 

Ai.ii  AiiciariOirp*(RN.V  K.) 

Ab!c  Scj.'tij.'i 

(.Mlicer 

11. 

K 

L 

N'cvviiuii,  V.  W. 

4II1  W.  -1  V.il.  shire  Regt. 

.2nd  Lieut. 

iic»,k  u 

K              „c*eyK.E. 

Li' 

Ncwiiii.  U   S 

Ea-;                       k.E. 

jiid  Lieut. 

Tliurnycrofl,  O. 

K.X.V.K. 

Ueuleiiant 

OrloJl,  t. 

Ui\.  ..^uiecrs.k  X  D. 

Sapper 

Tninnii,  F.  W. 

k,,^  .1  ..„,,..,,.  Artillery 

jn-!  1    •'■' 

Oulloii.  L. 

3rd   \\'c>l    l-tncashire    Uri- 

2nd  Lieut 

Tonilinv.n,  X.  IV 

1'                            -ler^ice 

F 

gadc,  k.E.A. 

1            -1  H  dcC. 

Iv 

L.i^ 

Outrani,  H.W.  S. 

Lttndon  Electrical  En>;i«ccrs, 

Capt;iiii 

K    It 

1                             .tl,ltX.D. 

Seawall 

k.E 

■....  H.  A. 

li,..^:    ......   ..:i^,,.cer6.K.N  D. 

Sapper 

Owen,  L. 

yucen  >  WciUninsler  kitles 

Corporal 

Turner,  H.  E. 

East  KiJiiig  K.G..V 

Corporal 

Hale,  W. 

Argyll  &  Sutherland  High- 

3nd  Lieut. 

Tyler.  H.  W. 

Ken!    !       -            \-  E 

Captain 

lander> 

I'ttiiig,  S. 

.A  run                           \t 

Lteutcnant 

I'car>».n.  H.  H 

UiviMoiial  Engineers,  k.X.D. 

Corpor.il 

Vincent,  J.  D.  A. 

5lh  1.                               .;!. 

L 

l'c.«rM.ii,  K.  1.. 

Hcrksliirc  Vcinuanry 

Caplaiu 

Walter,  F.  M. 

7ih  K                              Corps 

S:  . 

IVtci.  i;.  H 

kiiyal  Engineers 

Sergeant 

W.it-oii,  W. 

London  LlctUita.  Liigiiicers, 

ScJ  ^tau; 

l'liillii>~,  C.  II. 

3rd  County  of  Ixnidon  Ye<>- 

CorjKiial 

KK. 

nunry 

\Vall>,  H    W. 

1 

C. 

Phillips  J-  H.  S. 

L,ondun  Electrical  Engineers, 

Major 

Wcbb-Uotten, 

)                                       pincers,  Cj.   .. 

K.E. 

H.E. 

K.I.. 

FhiUips,  1 .  F 

I7lh  koyal  Fusiliers 

Private 

\Vebl>cr,  O.  T.  OK.  Royal  Engineers 

Captain 

Hilcaim,  K.  K. 

knyal  Xavy 

Lieut.-Coinr. 

Wcetes,  W. 

isl   County  of   London  Yeo-  Sergeant 

Pocock,  1'  C. 

L>ivi>ional  Enginccrs,k.X.L). 

Lance-Corpl. 

manry 

l\)Uard,  A.  K.  C. 

Koyal  Scots  Ku<iliers 

3nd  Lieut. 

While.  U.  G. 

.Vrtists  Killes 

Sergeant 

i^M\.  U.  H. 

Divisional  Enginecrs.k.  X.L). 

SapiH-i 

White,  J.  D. 

K.X.V.K. 

Lieuiciiaiit 

I'rii^.  \V.  K. 

Lancashire  (Fortress)  K.E. 

Captain 

Whitney,  W. 

Divisional  Engiiiecis.  K.X.D. 

S...  : 

Pync.  K.  D. 

Tmic    Elecliical    Engineers, 

Lieutenant 

Wightman,  O.  X. 

East  Kiding  (Fortress)  K.E. 

Ca;  _. 

K.E. 

Williams,  E. 

London  Electrical  Engineers, 

Sapper 

kccd.  U.K. 

London  Electrical  Engineers, 

Sapper 

K.E. 

k.E. 

Williamson,  G. 

Divisional  Engineers,  K.X  .D. 

Sanger 

Rich.  T. 

London  Electrical  Engineers 

Captain 

E.  E. 

K.E. 

Wilson,  W.S. 

Durluin  (F"ortre»s)  K.E. 

Lieutenant 

Kilev.  T.  \. 

Divisional  Engiiicers,K..\.D. 

l^ncc-Corpl. 

W.HVtl,  A.  L. 

I5lh  l^ncashire  Fusiliers 

2ik1  LieuL 

Kobcrt>.  A. 

Anti-.VircraitCorps(k.X  V.k.; 

Ahle  Seainan 

W.xjd,  E.  L. 

The  hiack  Waich  (T.F  | 

Private 

1..^!.    i-.n.  A.  H. 

Woleiii  Signal  Scrvicc,k.E. 

.Major 

Wi»>dvvard,E.H  E.4lh    Gloucestershire    Kegt. 

Capuiii 

U    ..:    .  W.  K. 

koyal  -Vavy 

Chiel  Torpedo 

(Kescr\c) 

Instructor 

Wiay,  T.H.  K. 

Koyal  Xaval  Division 

C 

Hoscvcarc,  L. 

Koral  Garrison  Artillery 

2nd  Lieul. 

Wright,  F.  T. 

Army  Ordnance  Corps 

L  . 

K  :.  1  c;.  L.  L. 

TyncElcctricalEiigincers.k  E 

.  Liculenani 

Young,  C.  k.  .M 

Umliam  K.G.A. 

LlcuU:.aiil 

Ku^^Ci..   W.  E. 

London  Electrical  Engineer^, 
K.E. 

SapiHrr 

.\sSocl.*Tli». 

kyc.  A.  X. 

Ko>'al  Guernsey  Engineers 

3nd  Licul. 

Bishop,  W.  J. 

4!h  Iv'   -. -il  We*;  S.inc\  Kt„n. 

Qmr.-Sergl. 

Sander.,  H.  k. 

Ixtndon  Electrical  Engineers, 

Sapiw 

Itriscue,  A.  E 

\ 

K.E 

Clark,  K.  C.  G 

1                                                                                         N 

Caf -a  11 

SandK.rd,  H.  I' 

Army  Service  Corps 

2nd  Lieul. 

Coulli,  F. 

5tli  Black  \V  atcli 

C. 

SchulLr.  A.  H 

5th  South  Lancashire  Kegt. 

Captain 

l>avidv<n,  E. 

Ainiy  Ordnaiuc  Uepl. 

XI  . 

Scotl.  j. 

Mechanical  Transport  Corps 
(kcscrM) 

Driver 

U.i\is.  HE. 

Attached  to  Central   Force 
tl'urchasing  Orttccrl 

Ma^rf 

Scrivener,  K. 

I2lh  Ko>-al  Fusiliers 

I^ncc-Curpl. 

Dcnisun,  H.  .\. 

nth  King's  Ko>-al  Kiiie  Corps 

2nd  LictU. 
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Associates — coiitiimcil. 

GKADVATES—COIltilinCll. 

Nnmc. 

Coi/is,  etc. 

Rank. 

Nitmc. 

Corfis,  etc. 

RciiiL 

Ditmas,  F.  I.  L. 

Railway  Transport  Dcpt. 

Staff  Capt. 

Lacey,  F.  P.  S. 

Royal  Garrison  .Artillery 

2nd  Lieut. 

Doig,  A.  M. 

6th  Manchester  Regt. 

Private 

Lintott,  A.  L. 

London  Rifle  Brigade 

Captain 

Downes,  H.  L. 

8lh  Liverpool  Regt. 

Lieutenant 

Loughlin,  H.  J. 

6th  Northampton  Regt. 

2nd  Lieut. 

Gardiner,  A. 

Royal  Engineers 

Major 

McPherson,  A. 

l6th  HighlandLight  Infantry 

2nd  Lieut. 

Goody,  H.  E. 

loth  Royal  Fusiliers 

Private 

Murphy,  G.  H. 

Divisional  Engineers,  R.N.D. 

Corporal 

Greenwood,  H. 

Anti-Aircraft  Corps(R.N.V.R.) 

Able  Seaman 

Newell,  C.  A. 

London  Electrical  Engineers, 

Sergeant 

Hoskyns,  O.  P.  L. 

Queen's  Westminster  Rifles 

Captain 

R.E. 

Hugb'man,  R.  W. 

9th  Middlesex  Regt. 

Lieutenant 

Oilier,  G. 

Divisional  Engineers,  R.N.D. 

Sapper 

Johnson,  W.  L. 

5th  Durham  Light  Infantry 

Lieut. -Col. 

Otter,  F.  L. 

London  Rifle  Brigade 

2nd  Lieut. 

(Reserve) 

Pells,  E.  A. 

1st  London  Divisional  R.E. 

Lieutenant 

McClymont,  R.  A. 

Royal  Artillery 

Captain 

Piatt,  F.  C. 

Divisional  Engineers,  R.N.D. 

Sapper 

MacDonnell,  A.C. 

Royal  Engineers 

Colonel 

Preston,  E.  B. 

Northumbrian  Divisional  R.E. 

Corporal 

McDougall,  P.W. 

Anti-.-Vircraft  Corps(R.N.V.R.) 

Able  Seaman 

Scotter,  W.  A. 

Royal  Engineers 

Sapper 

Madge,  R.  G. 

London  Electrical  Engineers, 

2nd  Lieut. 

Sheppard,].  H.D. 

Army  Ordnance  Department 

Lieutenant 

R.E. 

Stout,  T.  S. 

Divisional  Engineers,  R.N.D. 

Sapper 

Marco.  P.  H. 

13th  York  &  Lancaster  Regt. 

Lieutenant 

Thomson,  D.  G. 

City  of   Dundee    (Fortress) 

Captain 

Jliller,  C.  W. 

6th  Manchester  Regt. 

Lance-Corpl. 

R.E. 

Morgan.J.G.Y.D. 

Royal  Navy 

Lieutenant 

Treherne,  J.  W. 

Royal  Engineers 

Sapper 

Norman,   Sir  H., 

British  Red  Cross 

Commissioner 

Vandermin,  C. 

i8th  Royal  F"usiliers 

Lance-Corpl. 

M.P. 

Wood,  A,  N.  G. 

7th  West  Yorkshire  Regt. 

Private 

Northey,  P.  W. 

Mechanical  Transport 

Lieutenant 

Ogilvie,A.M.,C.B. 

Royal  Engineers  (T.F.) 

Colonel 

Students. 

Pilkington,  S. 

4th  Leicestershire  Regt. 

Lieutenant 

Abbott,  J.  R. 

Tyne   Electrical  Engineers, 

2nd  Lieut. 

Prance,  H.  W. 

3rd   City   of   London  Regt. 

Major 

R.E. 

(1st  Reserve) 

Addicott,  H.  0. 

West  Somerset  Yeomanry 

Private 

Punter,  J.  W. 

Kent  (Fortress)  R.E. 

Captain 

Albrecht,  E.  C. 

Inns  of  Court  O.T.C. 

Private 

Selby  Bigge,D.L. 

Northumberland  Yeomanry 

Major 

Alsford,  C.  J.  R. 

Royal  Naval  Reserve 

Sub-Lieut. 

Slorach,  J.  \V. 

6th  Cameronians 

Lieutenant 

Alvey,  G.  B. 

6th  West  Yorkshire  Regt. 

Lance-Corpl. 

Tyler,  H.  E. 

Royal  Engineers 

Colonel 

Anderson,  S.  D. 

Lancashire  (Fortress)  R.E. 

Sapper 

Von  Roemer,  C.W 

Royal  Field  .Artillery 

Lieutenant 

Angus,  T.  C. 

Honourable  Artillery  Company 

■  Private 

Wells,  C.  G. 

Royal  Engineers 

and  Lieut. 

Armstrong,  H. 

Northern  Signal  Service,  R.E. 

Corporal 

Wheeler,  O. 

South  Midland  R.A.M.C. 

Private 

Aylmer,  J. 

19th  Royal  Fusiliers 

Lieutenant 

Bailey,  A,  J. 

Army  Service  Corps 

Private 

GR.4DU.\TES. 

Ballard,  F.  L. 

Divisional  Engineers,  R.N.D. 

Sapper 

Andrews,  W.  F. 

London  Electrical  Engineers, 

Sergeant 

Bannister,  A. 

Divisional  Engineers,  R.N.D. 

Sapper 

R.E. 

Bannister,  E.  G. 

19th  Royal  Fusiliers 

Lieutenant 

Applebee,  G.  A. 

London  Electrical  Engineers, 

Qmr.-Sergt. 

Barnard,  L.  E. 

6th  Bedfordshire  Regt. 

2nd  Lieut. 

R.E. 

Barnes,  W.  C. 

Wessex  R.F.A. 

2nd  Lieut. 

Beamish,  F.  S. 

14th     Royal    Warwickshire 

Private 

Barnett,  E.  J. 

London  Signal  Service,  R.E. 

2nd  Lieut. 

Regt. 

Barter,  A.  E. 

R.N.V.R. 

Leading  Sea- 

Bowater, T.  D.  B. 

Westminster  Dragoons  Yeo- 

Lieutenant 

man 

manry 

Beavis,  E.  A. 

London  Electrical  Engineers, 

Corporal 

Bowers,  E.  G. 

gth  Highland  Light  Infantry 

Private 

R.E. 

(Reserve) 

Bedford,  A.  L. 

London  Electrical  Engineers, 

Sapper 

Brazier,  C.  C.  H, 

H.M.  Hospital  Ship  No.  6 

5th  Engineer  ' 

R.E. 

Brown,  H.  A. 

nth  Cameronians 

2nd  Lieut. 

Bedford,  J.  T. 

9th  Middlessx  Regt. 

Lance-Corpl. 

Browne,  W.  S. 

London  Electrical  Engineers, 
R.E. 

Sapper 

Bell,  H.  G. 

7th  Lancashire  Fusiliers  (Re- 
serve) 

2nd  Lieut. 

Burnett,  F.  E. 

London  Electrical  Engineers, 

Sapper 

Benning,  B.  S. 

Royal  Naval  .■\ir  Service 

2nd  Lieut. 

R.E. 

Bicknell,  C.  R. 

Royal  Garrison  Artillery 

2nd  Lieut. 

Campbell,  Sir 

3rd  Scottish  Horse 

2nd  Lieut. 

Billington,  E.  J. 

Divisional  Engineers,  R.N.D. 

Sapper 

J.  A.  C,  Bart. 

Bold,  C.  A. 

Essex  (Fortress)  R.E. 

Sapper 

Chandler,  A.  F.  X. 

.\rmy  Service  Corps 

Private 

Bolton,  C.  R. 

Lancashire  (P'ortress)  R.E. 

Sapper 

Douglas,  A. 

Divisional  Engineers,  R.N.D. 

Sapper 

Bostock,  C.  W. 

Divisional  Engineers,  R.N.D, 

Sapper 

Eardlej'-Wilmot, 

9th  Devonshire  Regt. 

2nd  Lieut. 

Boxall,  C.  W. 

Divisional  Engineers,  R.N.D. 

Sapper 

G.  H. 

Bramwell,  H.  P. 

I2th  -Argyll  and  Sutherland 

2nd  Lieut 

Girdlestone,  H. 

Yorkshire     Dragoons    Yeo- 

Trooper 

Highlanders 

manry 

Broad  wood, L.A.T 

London  Signal  Service,  R.E. 

Sapper 

Grice,  P. 

Royal  Engineers 

Sapper 

Brooke.  H. 

London  Electrical  Engineers 

2nd  Corpl. 

Grut,  C.  A. 

Divisional  Engineers,  R.X.D. 

Sapper 

R.E. 

Hevmerdingner, 

London  Electrical  Engineers, 

Sapper 

Bullock,  C.  L. 

Divisional  Engineers,  R.N.D, 

Sapper 

F.  G. 

R.E. 

Burchett,  J.  H.  P. 

Divisional  Engineers,  R.N.D. 

Sapper 

Hornblower,  T.  J. 

Divisional  Engineers,  R.N.D. 

2nd  Corpl. 

Burford,  W.  B. 

Royal     Engineers     (Special 

2nd  Lieut.    , 

Hume-Williams. 

Army  Service  Corps 

2nd  Lieut. 

Reserve) 

R.  E; 

Burleigh,  R. 

Hampshire  (Fortress)  R.E. 

2nd  Lieut. 

MKMIIKRS   DN    MII.ITAKV    SKKVICH. 


•Xil 


.111    ■>!    ' 


.V.IM. 


^  A.  H 

Catl.-ii,  U.  I>. 

I'm    A    S 
CiUli,  K   L 

I'hatnr.  G.  H. 
V 

111.  H. 
>.     t   ul  •   Smith, 

U  H. 
iliil,.n,  J.  |». 

II.  A.  G. 
1-      ..r.  W.  \V 
Crtc.  H.  \V 
*     -M-rat.  E.  \V. 

H  J. 
......i.H.  S. 

iHon,  A.  E. 

C.  U. 

Cru<l.  E.  H. 

11    S. 

Lui;-,  n.  H. 
Duiiuiil.  IC.  L. 
I)4vi».  H.  N. 
DawMMi.  G.  U. 
Dcaix.ii.  E.  A. 
Di!!cv    W  J.  F. 
I  >.M.  R. 

1  «.. 

l)c\..iiald.  X. 
U..l'ic,  H. 
I)   u^ld.  J    A. 
l)..iii;U,,  W.  A. 
lijiiltjin.  D. 
Uuim.  K.  G. 
Kagk.  K.  W. 

Ea>lcr,  C.  E. 

K   .  ..■,  E.J. 
K.i.iiNcwugh.N.D. 
K>lnj:llx>ll,  E. 

Ethclilun.  S. 
K  L  E. 

i  C. 

Kcnaiili.  U.  Z.  de 
Kcmjiti.  V.  X..  dc 
Kiaiidcr,  C.  M. 
Killing,  A.  H. 
KIcmiiii;,  J. 

!  loyd,  1,.  G. 

K.jrhcs,  J. 
Foster.  H    H. 
Fnihc-SutditlcR. 


iini  \  jl.  J     \t 


{' 


W.i:  rt  iv  tthirr  Yi-oinanrv 

K.N.V.k. 

Kiiyal  Kii|;iiiccr> 


K 


i<lillr> 


i.    Sa|>|Ki 


Troiipcr 

I!  iii'.'.iiilicr 

KIcc.  .irtificcr 
Jiui  Lieut. 

.M.a  I  u-iii. 


ic  Kcst. 


I 
K 

h 

!.•    ..11  till. u  n. II  Kncinccrs 

K.E. 
K  ' 
I  Hnijiiiccni, 

K   1. 

XVtfilicrn  Signal  Scr\'icc,H.  E. 
Army  Service  C<>rp» 
I7i>i  Hiuliland  I. i)<ht  Infantry 
D  crs,  K.X  IJ 

1'  cr».  k.X.U. 

K  .  >  llor!>c 

l>  :.;ineer-.  H.N.D. 

I)  ';  \li. 

Gi  mry 

Army  :>crvn.e  Corps 
London  Signal  Service,  K.E. 
I^ncashirc  (Korlrcs>)  K.E. 
Ljnc-a>hire  (Kortrc»s)  K.E. 
DiviMoiul  EMgiiieer>,  K.X.D. 
«h  Kuyal  Scots  Fusiliers 
4th  Royal  Berkshire  Regt. 
KMh  Ro)-al  Fusiliers 
Xorth    Midland    Uivisiunal 

R.E. 
London  Electrical  Engineers, 

RE. 
Oiviitiunal  Engineers,  R.X.D. 
1 3th  Middlesex  Regt. 
Tvnc   Eleilncal    Engineers, 

R.E. 
Roval  Field  Artillery 

'-  g«- 

K  II  .\rtillcry 

K  II  Artillery 

k  crs 

G  «)  R.K. 

r  ..^. 

l'u)>i».   Scliools  Uatt.    Royal 

Kusilierii 
L<  -iidi  >ii  Electrical  Eoginccrs, 

R  K 
K'  .  crs 

I)..  .'     ^iiieers,  R.X.D. 

East   Lancashire   Divisional 

R.E. 


1-4..X  ^crgl. 
;nd  Lieut. 
Sergeant 
3nd  Lieut. 
Sapper 

I^nce-Corpl. 
Sapper 

3nd  Lieut. 

IViratc 

Private 

Sapper 

Sapper 

Laiice-Corpl. 

Sapper 

Sapper 

Laiicc-Corpl. 

Lieutciiaiil 

Jiid  Lieut. 

Sapper 

Sapper 

Sapper 

Captain 

Private 

Private 

3nd  Lieut. 

Sapper 

Sapper 
3nd  Lieut. 
Sapper 

;nd  Lieut 
Jiid  Lieut 
3nd  l.icul. 
.Mid  I 
Jlid  1    .... 
Sapj>cr 
Private 
Private 

3nd  Cjrpl. 

l_inc-e-Corpl. 
Sapi^er 
3nd  LicuL 


K, 


l«il>s»/jj.  j.  A. 
»k*»e.  F. 

.  udswiii,  D.  C. 
Gordon,  E.  A 
I   UriHilhk,  J.  O. 

I   Grow,  8  ) 

Gudgeon,  S. 

GwMhcr.  H  J. 

Haniain  •  CUrit, 
H  C. 

Harris,  L.  G. 
,    Hurison.  R  W. 


I 


Ha.1   !     \ 

H.ii'.Un    (■ 
liau  kills,  C  k.. 

Heail wards,  H 
llclj^iock,  \.  I). 

Hitch.  A.  T 
Hogarth,  J   E. 
Houaden,  H.  S. 
Ilowarth,  A. 
Huiitlc),  C.  G. 
Hull.  \ 

Jackson,  Forbes 
Jackson.  H.  Y  V 
James,  E.  K. 
James.  E.  G. 
Jones,  V.  A. 
Kennedy.  \V   .\. 
Kerr,  W.  \V. 

Kilby,  J.  \V 

Knight,  C.  S. 
Knight,  J  M. 
Krascmann,  H .  X. 

Krohn,  V.  M 
l-inc,  C.  K. 
Leak.  B   \V. 
Lee.  H.  J. 
Lccs*>ii,  B.  E. 
Uesoii,  B.  H. 
I.ci^liMi.tn.G.A.B 
1  c  M.v,  G.  N. 


Mac^berMjai,    A. 

\V.  R. 
Mann.  F.  H. 
Marslon.  G.  S. 
Martin,  G.  E. 
Martin,  K.  U. 
Mc1cal(.  J.  N. 

Mittell,  B   E.  G. 
Morrell,  P. 


K.E 

»tl  •  |fi 

R.L. 

jnd  I  'm^fi  I»tv4»"wtal  R  K 

Un 

Lo. 

KE 
Roval  KicM  Artillery 
jrd     '  -■!. 

jrd  \:  ji. 

Soalhcm  Signal  lierttce,  R.E. 

7lh  Maii>.tte«tcr  kegt. 
London  Elcvtrical  Engineer*. 
RE. 


Htd  I.ic  j' 


Md  tacttf 


•■■•«• 

I.  ici.iiical  Engines  I ; 


IvOllli 

RE. 

Rv,    ■  ■ 

H.  y  Com- 

6(h  Bedtordshire  Regt. 

UV      :  >  S.C. 

Di.  -.R.XD. 

l6th  VV^  c  Regt. 

London  ^ 

Re 

l>i. 

Di. 

lii. 

Ro.  iiU>.) 

R..  s 

Dn 

Lo. 

R.E. 
London  Electrical  Engioccrt, 

R.E. 
iKth  1^ ■■>  ■!  i-....i.-r. 
Kii  . 

RE. 

Royal  Field  Artillery 

koval  Engineers 

W.. 

Lo: 

7tl.  . 

Di\  .R.X.U 

Rv\  .Ulcry 


Ro>  at  Eiigiuccra  3nd  Con^' 

iJu  uccrs.  RXU.  Safpcr 

Ro>  -  f     ;    ...: 

Rov 

Ulv-   „ N-  -    - 

London  Electrical  EngiDCCTs.  Sa|'|xi 

RE 

Divisional  Engineers.  R  N  1)  N<it;i    Uj.i  < 

DinsiunalKiigiiiecrs.  R  X  D.  Sapixi 


1*1 1  \  ate 
Sa||>ef 

-•■■-<    l.itUl. 

Sergeant 
Pin  ate 

Ltcutrnaiil 
Mcv  halite 
Sapper 
3iid  Licul 
Private 

cant 
.r 
lal 
:sapi>« 

Sji  i^cr 


Sapper 


;nd  Licui 

Sai  l<cr 


-  r 

*- 

■-   l.,ca: 

s  . 

.  tf 
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Niiwe. 
Morris,  C.  I. 

Jloiild,  James 
Mowat,  J-  W. 

Xewman,  S.  E. 
Nichols,  G.  R. 
Xorbum,  W.  H.J. 
North,  S.  B. 
Nunii,  J.  A. 
Orme.  B.  S. 
Ostler,  P. 
Page,  W.  A.  A. 
Peacock,  A.  D. 
Peattie.  J.  D. 
Periiet,  F.  H. 

Perrin,  J.  F. 

Peter,  L.  H. 
Philipp,  K.  C. 
Phillips,  H.  H. 
Ponter,  H.  W.  F. 
Powell,  C.  A.  W. 
Poynter,  H.  G. 
Prince,  G.  R.  D. 
Pritt,  S.  E. 
Protheroe,E.L.M. 
Protheroe.R.N.L. 
Pullen,  W.  W. 
Puttick,  H.  W. 
Rawson,  S.  M. 
Reeves-Smith,  D. 
Ricci,  K.  E. 

Richardson,  W. 
Roberts,  A.  C. 
Robertson,  J.  N. 
Rodwell,  J.  T. 
Ross-Bain,  G. 
Ryle,  P.  J. 
Sadler,  C.  W.  C. 
Saxton,  C. 
Searle,  A.  M. 

Shaw,  C.  G. 
Sherwell,  O.  W. 
Shuter,  E.  J. 
Sinclair,  W. 


Students — continued. 

Students —  co  11  tinned. 

Corps,  etc. 

R.ink. 

Ntimc. 

.  Corps,  etc. 

Ranlt. 

1st  South  Midland  Brijjade, 

Gunner 

Sizer,  N. 

Royal  Engineers 

2nd  Lieut. 

R.F.A. 

Skevington,  F.  IC. 

8th  Rille  Brigade 

Private 

Royal  Garrison  Artillery 

2nd  Lieut. 

Sleight,  E.  W. 

l8lh  Royal  Fusiliers 

Private 

17th  Highland  Light  Infan- 

Private 

Smith,  L.  C.  R. 

6th  Royal  West  Kent  Regt. 

2nd  Lieut. 

try 

Smith,  L.  W. 

London  Electrical  Engineers, 

Sapper 

Divisional  Engineers,  R.N.D. 

Sapper 

R.E. 

Royal  Engineers  (T.F.) 

Lance-Corpl. 

Smith,  R.  H. 

University  of  London  O.T.C. 

2nd  Lieut. 

Hampshire  (Fortress)  K.E. 

Lance-Corpl. 

Smith,  S.  B. 

Royal  Navy 

Sub-Lieut. 

30th  Batt.  Canadian  Force 

Private 

Snowden,  S.    . 

9th    Middlesex    Kegt.    (Re- 

Lieutenant 

Royal  Engineers 

Corporal 

serve) 

Royal  Engineers 

Sapper 

.  Sparks,  A.  C. 

Royal  Engineers 

2nd  Lieut. 

Divisional  Engineers,  R.N.D. 

Sapper 

Speed,  L.  C. 

Army  Service  Corps 

Private 

8th  Reserve  Cavalry  Regt. 

Private 

Spencer,  W.  G. 
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Part  I. 

Tlic  clectromoiivc  (orcc  induced  in  windin);s  ii  ditciiniiicd 
\.  and   the   cHcct   >U    flux-?<vvin{>in{;    is  in 
1  ,   >i~tance    oi     ihc     windinc     factor     is     cii., 

tifxrinicnta!    conlirmation    i>    given    wherever  po»it>le. 

Krcc  use  has  been  made  uf  all  evidence  and  inlurmalion 
axjiilabk,  hul  it  ha»  seldom  been  (ound  possible  to  affix 
priiMity. 

The  »ub)ect  is  discussed  under  the  following  headings  : — 

In,..-...  ..   .. 

I.  '  n  ol  windings. 

(.!■   ^iii^lc-laycr  windings, 
(ft)  I)<juble- layer  windings. 
(()  rnilormly  distributed  windings. 

1.  General  expression  (or  the  electromotive  force  induced  in 
a  «.\>il. 

(d)  Effect  of  ooil-span— The  Coil-span  Factor. 

jt.  Klectromotivc  force  induced  in  a  circuit  of  a  winding  by 
riHatiun  in  4  steady  field. 

I.  I'nilonnly-distributed  windings, 
(d)  Kcctangular  flux  distribution, 
(fr)  Trapezium  Hux  distribution. 
(1)  General  flux  distnbulion. 
II.  Kflect  of  the  >li)t>— The  Distribution  Factor. 

(ii)  Whole   number  of    slots   per   pole — The  Spacing 

kipplc. 
(6)  Fractional  number  of  slots  per  pole — The  Group 

Factor, 
(c)  Effect  of  slotting  the  rotor. 

III.  Virtual  value   of   the   electromotive   force   induced  in   a 
winding. 

4    KBcc!    '•'•'•   -I '  -  •    'eeth-The  T  -  ■'    i-'    rlc. 

(>j|  ductovar  .  -i  flux. 

(6)    Kit«.u'Mii' -11*  t    i";tt     :il')-icdue     to    s»*iu^.iij;    --1     tOtal 

flux. 
SaU  :  So  lilltntton  tchulntr  muit  bt  faiti  h  tht  fhau  lin- 
pJtiietuHti  Ixtuan,  01   tk<  rttattw  ma^mitu.Ui  K<f,  oi<>t4»grami 

Vol.  53. 


in    Ikit   f^tpft.      Alt    .  ■  ,    tit   no4. .:                   «». 

Tlu  atiit  marktti  "<..  a  alwayi  .                  .»<»• 

motiit  tone  tn  j  fuU-ftkh  vvtl  at  in  a  aufjle  onuimttat,  tjuept 
in  Fifi    i}. 

Paitt   II 
An  attempt  is  made  to  amplify  and  illustrate  the  analTtkal 


rr     ■ 

I'. 

Ill  Ulc    : 

oiiniiu 
the  potitiuii 
given. 

5-  S' 


^cd  in  Part  I,  by  nicani  of  '.' 
.AI>o  Die  .idvanLi|;e>  u( 


-.1  the  ijTiuUi  t'lijit  tai-'Hiii 


'    .  .iQd 

.iin 

-    lU  J  J_uMc  ijxer 

:ules  for  obtaining 

:  and  oonncctioos  arc 


(6,   h 


6.  D 


-lots  per  pole. 

cr  pole. 

MgS. 


(6)  Open  windings. 

SVMBOI.S  Used. 

A  ^  number  of  circuits  in  a  single-bycr  winding. 

a  :=  number  of  paus  of  cucuits  in  a  double-layer  winding 

H  =  liux -density. 

b  ^  polar  arc. 

C  =  nuiiiber  of  comniutaior  bar«  or  coils  in  a  commutator 

winding. 
c  =  number  of  coiU  in  a  circttit  ^  m  N'. 
E  =  v.-  •      c. 

r  =  111  ■  t  force. 

/^  lre^ucin.y. 

y,.  =  <.i;l  ~pjn  factor  of  nlh  harmooic 
/m.  =  »  (actor  of  Nth  harmomc. 

ts.^=ti — ,   :--ijr  df  nth  harmonic 
f.  z=  winding  factor  of  nth  harmonic  ^f^/mm/mm- 
h  =  hictie«t  common  (actor  of  C  and  y^- 
t  =  KM.K.   coefficient. 
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L  =  axial  length  of  core  over  which  B  extends, 
m  =  number  of  coils  in  a  group  of  a  circuit. 
\  =  number  of  groups  of  m  coils  in  a  circuit. 
N,  =  number  of  phases. 

11  =  order  of  harmonic,  or  speed  in  revs,  per  min. 
/i  ==  number  of  pole-pairs. 

5 

O  =  number  of  slot-pitches  per  pole-pitch  =  — ^. 

Q<,=  nearest  integer  below  O. 

Q,  =  number  of  slot-pitches  in  coil-span. 

q  =  number  of  slots  per  pole  and  per  phase. 

R  =  number  of  rotor  slot-pitches  per  pole-pitch. 

S  =  arc   over   which   group   of    in    coil-sides    extends   in 

uniformly  distributed  winding. 
>-  =  total  number  of  armature  slots  =  2pQ. 
T  =  number  of  turns  in  a  circuit  =  cTc  =  m  NT,. 
T,  =:  number  of  turns  in  a  coil. 
/  :=  time. 

K  =  number  of  coil-sides  per  slot. 
vz=  peripheral  speed  =  2/7-. 
.V  and  .v'  =  Hnear  displacements  in  field  of  the  two  sides  of 

a  coil. 
V,  =  commutator  pitch,  measured  in  commutator  bars. 
v,  =  resultant  winding-pitch,  measured  in  coil-sides  =  2 j)',. 
Vi  and  )y=back  and  front  winding-pitches,  measured  in 

coil-sides. 
a — see  Fig.  6(a). 
/3— see  Fig.  6(6). 

y  =  angle  in  radians  between  successive  armature  slots. 
«  =  angular  deviation  of  coil-span  from  pole-pitch. 
e,  and  e,.  =  angular  displacements  in  field  of  the  two  sides 

of  a  coil,  corresponding  with  .v  and  x'. 
T  =  pole-pitch. 
*  =;  flux  per  pole  =  r  L  Bmca.,. 
X  =  angular    displacement    in    iield    between    successive 

groups  of  coils. 
vl/  =  angular  displacement  in  field  between  successive  coils. 
w  =  2  Trf=  angular  velocity. 

All  dimensions  are  in  centimetres. 

Part  I. 

Introduction. 

One  of  the  greatest  advances  that  have  been  made -in 
the  development  of  electromagnetic  machinery  during  the 
present  century  is  the  approach  in  the  shape  of  the  pressure 
wave  to  the  ideal  sine  curve. 

Several  reasons  have  combined  to  bring  about  this 
result,  many  of  which  are  indirectly  due  to  the  direction 
in  which  electrical  engineering  has  developed.  Thus  the 
wide  extension  of  the  3-phase  system  with  star-connected 
generators  has  removed  from  the  interlinked  or  Hne  pressure 
the  third  harmonic,  which  is  sometimes  considerable 
in  the  phase  pressure.  Again,  the  adoption  of  the  non- 
salient-pole  construction  for  the  rotors  of  turbo-alter- 
■  nators  has  made  it  possible  to  obtain  a  flux  distribution 
which  remains  nearly  sinusoidal  under  all  conditions  of 
load,  as  was  shown  in  a  paper  read  before  the  Institution 
by  one  of  the  authors.*  Finally,  the  designer  has  also 
learnt  what  refinements  are  necessary  in  order  that  the 
pressure   curve  may  be  free  from  ripples,  although  such 

•  S.  p.  SSUTH.  The  non-salient-pole  turbo-alternator  and  its 
characteristics.     Journal  I.E.E.,  vol.  47,  p.  562,  191 1. 


means  are  not  always  used  for  this  purpose  alone.  For 
example,  the  use  of  a  winding  with  a  fractional  number  of 
slots  per  pole  will  be  seen  to  be  one  of  the  best  methods  of 
obtaining  a  smooth  pressure  curve  ;  yet  such  windings  are 
usually  adopted  for  altogether  different  reasons.  Also,  the 
improvement  consequent  on  the  use  of  a  large  number  of 
slots  per  pole  and  per  phase  is  primarily  due  to  the 
increased  pole-pitch  necessary  at  high  speeds. 

Although  there  are  cases  where  the  shape  of  the  pressure 
wave  is  not  important,  there  is  no  doubt  that,  when  once 
the  necessity  for  a  standard  is  recognized,  the  pure  sine 
curve  is  best  for  general  alternating-current  working. 
The  arguments  in  support  of  this  are  so  well  known  that 
thoy  need  only  bo  mentioned  here.  Thus,  the  troubles 
occasioned  bv  earthing  the  neutral,  which  is  now  common 
practice  in  central-station  working,  are  mainly  due  to  the 
existence  of  a  third  harmonic  in  the  phase  pressure.  Cases 
arise  also  in  the  parallel  working  of  synchronous  machines 
where  the  interchange  of  wattless  currents  due  to  the 
higher  harmonics  becomes  excessive.  As  an  instance,  a 
case  may  be  cited  of  a  6-phase  rotary  converter  working 
direct  ofi  a  6-wire,  3-phase  generator,  where,  owing  to  the 
harmonics,  the  current  taken  when  the  converter  was 
running  light  was  equal  to  the  normal  full-load  current. 

Numerous  other  factors  of  varying  importance,  such  as 
low  losses  and  high  power  factor  in  the  system,  safety  in 
high-tension  working,  freedom  from  disturbances  to  tele- 
phones, and  from  resonance,  etc.,  all  demand  an  absence  of 
harmonics.  Also,  when  a  4-wire,  3-phase  system  is  used 
for  a  lighting  supply,  the  use  of  a  pure  sine  wave  results  in 
the  ratio,  phase  pressure  to  star  pressure,  being  constant. 

Lasdy,  it  must  not  be  forgotten  that  the  sine  curve  is  the 
most  natural  standard,  and  that  it  is  generally  attainable, 
which  would  not  be  the  case  with  other  wave  shapes. 
Also,  the  majority  of  our  simple  calculations  and  vector 
diagrams  are  only  possible  on  the  assumption  that  the 
quantities  in  question  vary  sinusoidally. 

I.  Classification  of  Windings. 
A  winding  consists  of  a  number  of  circuits  arranged  in 
series  or  parallel  to  suit  the  pressure  and  current  required. 
The  armature  winding  is  the  one  which  carries  the  main 
current  and  in  which  the  electromotive  force  or  pressure 
is  induced.  In  nearly  all  types  of  modern  electromagnetic 
machines,  this  winding  is  accommodated  in  slots.  The 
coil-sides  are  arranged  in  one  or  two  layers,  thus  forming 
a  single-layer  or  double-layer  winding.  (The  advantage 
of  classifying  windings  in  this  way  has  been  appreciated 
by  C.  A.  Adams  and  C.  C.  Hawkins.)  In  a  symmetrical 
N^-phase  winding,  the  successive  phases  are  2  x/N^  radians 
apart,  e.g.  the  start  of  phase  I  in  a  3-phase  winding  is 
2  7r/3  =  120°  (electrical)  from  the  start  of  phase  II  ;  similarly 
the  ends  of  these  two  phases  are  120°  apart.  For  the  pur- 
pose of  the  present  paper  it  is  immaterial  how  the  overhang 
of  the  winding  is  arranged.  Much  of  the  matter  in  this 
section  is  amplified  in  Part  II. 

(a)  Single-layer  windings.— I)  is  customary  to  use  these 
windings  for  high  pressures  and  where  there  are  several 
conductors  per  slot.  There  is  one  coil-side  per  slot,  and 
in  each  pole-pitch  each  phase  has  its  own  slots,  which 
thus  require  an  arc  of  tt/N;,  radians,' or  i8o/N^  degrees. 

Single-layer  windings  are  essentially  open  windings  ; 
that  is,  each  phase  is  complete  in  itself  and  has  its  own 
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1111"*    I-*   -Jlt>\«ll  (. 
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Flo.  I. 
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*rt*»J  ti  tijuiwUent    fiil-pitch    col;. 

-Equivalcnl  Ku!!-pilch  CoiU  in  Singlc-Ux-cr  Winding*. 

T '  f  t :  ;  UtjU  per  pole  ami  phaac. 

*    ^.'^i..<  k'  klolft  pcf  ptilc.  4  ^ouiid. 


=  It :  ±nd  in   Fig.   l(M  for  a  single-phase   winding   with 

<J  =  7.     It  i»  seen  that  the  full-pitch  coiU  are  electrically 

_..,.,  .i_^(  lo  ii,^  actual    coils   in    every   way,   and    the 

^nt  of  the  latter  by  the  former  has  no  influence 

'>n  the  induced  pressure.    If  ^)  is  made  fractional, 

be.  for  example,  by  usin^  extra  sloli  (empty), 

1   still    be  replaced  by  equivalent  coils 

.1   span   \J„j  =  »  — «,  where  <J,  is   the 

Ileal  :    below  Q,  and  t  is  less  than   >. 

(^;  jytr  winJingi. — In  these   windings  the  coils 

are  arranged  in  two  layers  ;  one  side  of  each  coil  hes 
in  the  top  layer  and  the  other  in  the  bottom  layer.  The 
coils  can  be  connected  lap  or  wave.  KxcepI  with  "miked 
or  •■  »tepped  '  coiN,  the  coil-span  is  constant  isec  Fig.  ;i)i, 
and  can  be  jjicatrr  than,  e»jual  to,  or  less  than  the  jH.)k-- 
pitch,  or,  in  >;i  :  ^>i  7  =  r  ±  t  s  ^>  >  ±  <, 

where  y,  is  li  spanned  by  a  coil,  and 

<  can   be  greater  than,  equal  to,   or  less  than  y. 

The  double-byer  winding  is  made  by  using  either 
(1)  ordinary  open  windings  with  the  coils  arranged  in  two 
layer*  :  or  (s)  commutator  windings,  which  can  be  left 
closed  and  Upped  at  certain  points,  or  can  be  left  open, 
as  is   usually  the  v  nitator  i>  not  used. 

The    number   of    ^  .,  even— <jne-haJf  in 


inipurtanl   Influcocc  oti    Uw  •«lupe    at    IIm; 
jlalor  tt' 

..h 


t  I  bt  III 

I..,       „,  ..^lU  aclosc^  „ ^  .   .  ^  ,  ,   . —  ,.- 

t.ilrji  at   Iter,  aitd   each   phase   extends  over   lu 

"I    i-och    pole-pitch   (see    Fig.   1,  which   show*   hou    ^^1.: 


hii, 


:.i  Wtndinc. 


tapping  serves  as  the  6nish  of  one  phase  and  the  slan 
of  the  next). 

Closed    winding;     ore     seldom    used    r>'!     olirniaUng 
currents,   except   in    conjunctidn   vk-itli  rs — for 

instance,  in  rotary  converters  and  geociji^':-  »iih  static 
balancers.  When  there  are  several  parallel  circuit n  as 
in  lap  windings,  ur  u-avc   windings  wii'  'wu 

circuits,  care   must   Ih-  taken  to  make  1  .al. 

so  as  not  good    u  u; 

also  to  obt.4  lal  points  :  i.g> 

can  be  connected,  hor  this  purpose,  tlie  number  ol  slots 
and  the  number  of  pole-pairs  in  the  machmc  are  both 
made  divisible  by  the  number  at  pairs  of  circuits  in  the 
winding,  and  idle  coils  are  avoided.  These  condit>uns 
place  rather  serious  restrictions  on  the  use  of  closed 
\Miidiiii;>   (^-c    Part   II). 

W'ltli      doiililc-Uver     open    windings,    however     much 
giralci   frc  Here  it  is  not    ■ 

to   make    1  slots  per  pole,  or 

per  ptiasc,  an  integer  or  a  fraction,  but  ;  j<  e*cb 

pli  .X,  ,  jii  1«-  t.-.lii.  r-d  to  i/N/ih  of  the  ;    ..  •-  -n  a 

M  This  is  achieved   by  .be 

a  Jt-phase  >: 

overall  arc  ul  (•  u. 

scries.    They  i._  to 
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parallel,  whilst  the  six  terminals  can  be  connected  star 
or  delta,  as  shown  (cp.  also  Figs.  36  and  37). 

(t)  Unifoniily  iiislhbiiled  u'indiiigs. — When  the   number 
of  slots  per  pole,  Q,  is  an  integer,  and  llie  lield  system  is 


effect  on  the  distribution  of  the  winding  in  the  field  is 
examined  in  Part  II,  but  it  is  easy  to  sec  that  with 
s  =  2/>0„+  I,  the  maximum  number  of  positions  in  the 
field  obtains.     Thus,  in  the  case  of  a  single-layer  winding 


Fig.  3. — Three-phase  Double-layer  Open  Winding. 
Each  phase  covering  one-third  of  each  pole-pitch. 


not  arranged  in  any  abnormal  wa\',  the  same  relative 
positions  in  the  field  will  be  occupied  by  the  Q  slots  of 
ever}'  pole-pitch.  At  any  instant,  therefore,  the  coils  in 
the  whole  winding  only  occupy  Q  positions  in  the  iield, 
and  the  wound  parts  of  each  pole-pitch  are  similarly 
placed  relative  to  the  field  sj'stem — likewise  the  unwound 
parts.  Any  effect  of  the  slots  or  teeth  will  therefore  be 
repeated  equall}-  under  all  poles  and  will  appear  at  the 
terminals  of  the  winding.  On  the  other  hand,  if  Q  is  a 
fraction,  or  if  the  poles  or  slots  are  arranged  abnormally, 
this  is  not  so. 

Thus  if  the  armature  slots  or  the  pole-shoes  are  skewed 
by  an  amount  equal  to  a  slot-pitch,  the  conductors  will 
occupy  all  possible  positions  in  the  field,  so  that  the  actual 
winding  becomes  equivalent  to  one  distributed  uniformly 
over  the  whole  peripliery.  Any  section  of  such  a  winding 
will  then  behave  as  if  the  armature  were  not  slotted  ;  that 
is  to  sa}',  the  tooth  effects  will  be  nullified  at  the  terminals. 

Intermediate  cases  arise  when  the  pole-shoes  are  dis- 
placed, or  the  pole-tips  are  chamfered  dissimilarly,  or  the 
number  of  slots  per  pole  is  not  an  integer.  For  example,  if 
all  the  North  shoes  are  shifted  one-quarter  of  a  slot-pitch  in 
one  direction  circumferentially,  and  all  the  South  shoes  an 
equal  amount  in  the  other  direction,  the  effect  of  the  teeth 
is  suppressed.  Likewise,  chamfering  the  leadmg  pole-tip 
at  one  end  and  the  trailing  pole-tip  at  the  other  end  largely 
reduces  the  tooth  effect.  In  both  these  cases  the  effective 
distribution  of  the  winding  is  seen  to  be  increased. 
Another  method  whereby  the  distribution  of  a  winding  in 
which  Q  is  an  integer  is  increased  2p  times  is  to  place 
succe'ssive  pole-shoes  a  pole-pitch  plus  i/iplh  of  a  slot- 
pitch  apart,  so  that  the  distance  between  the  first  and 
the  last  pole-shoes  is  a  pole-pitch  less  a  slot-pitch.  In 
this  wa)-  the  number  of  positions  occupied  by  the  con- 
ductors in  the  field  is  2pQ,  instead  of  Q. 

The  commonest  of  these  intermediate  cases  is  when  the 
number  of  slots  per  pole  is  a  fraction,  and  is  generally 
met  with  in  wave  windings.  To  make  Q  fractional  in 
single-layer  windings,  extra  (empty)  slots  are  inserted. 
The  effect  of  fractional-pitch  coils  on  the  pressure  wave 
is  illustrated  in  Figs.  14  and  22.     The  magnitude  of  this 


with  one  additional  slot,  the  number  of  positions  occupied 
by  the  coil-sides  in  the  field  is  2pQ„.  If  there  were  two 
extra  slots  across  a  diameter,  the  number  of  positions 
would  only  be  increased  p  times. 

The  oscillograms  shown  in  Fig.  22  were  taken  on  a 
i6-pole  machine  with  an  open  3-phase  coil  winding  (single- 
layer)  having  3  slots  per  pole  and  phase  and  6  extra  slots 
(empty)  in  the  periphery. 

The  oscillograms  reproduced  in  Fig.  14  refer  to  an  open 
commutator  wave  winding  (double-layer)  with  108  slots,, 
16  poles,  and  4  conductors  per  slot.  The  winding  was 
star-connected  as  shown  in  Fig.  3. 

Summing  up,  then,  it  is  seen  that  where  the  number  of 
slots  per  pole  is  an  integer,  and  a  normal  arrangement  of 
slots  and  poles  is  adopted,  the  effect  of  the  teeth  will' 
be  greatest. 

When  the  poles  or  slots  are  skewed  in  such  a  manner  as 
to  make  the  conductors  occupy  all  possible  positions  in  the 
field,  the  winding  is  equivalent  to  a  uniformly  distributed 
winding,  and  the  effect  of  the  teeth  is  nil. 

When  the  pole-shoes  are  displaced,  or  the  number  of 
slots  per  pole  is  fractional,  the  equivalent  distribution  of 
the  winding  is  increased.  With  respect  to  the  effect  of 
the  teeth  on  the  shape  of  the  pressure  wave,  it  will  be 
seen  in  the  course  of  the  paper  that  these  intermediate 
cases  give  practically  the  same  result  as  a  uniformly 
distributed  winding. 

In  all  cases,  therefore,  where  there  is  an  abnormal 
arrangement  of  the  field  or  armature  system,  or  a  frac- 
tional number  of  slots  per  pole,  it  is  allowable  in  practice 
to  regard  the  winding  as  uniformly  distributed. 

2.  General  Expression  for  the  Electromotive 
Force  induced  in  a  Coil. 

The  fundamental  expression  for  the  electromotive  force 
induced  in  a  coil  is — 

£=-^p^2(T,<f.,)io-»  volts, 
where  ^(T;^*;,)  denotes  the  total  magnetic  inlerlinkages. 
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la  a  hetcropolar  machine,  the  flux  interUnking  a  coil  at 
anv  instant  is  (sec  Fig.  4) — 
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From  these  equations  it  is  seen  that  the  cam  iA  Hrctro- 
motive  force  induced  in  each  side  of  a  .  in 

shape   with    that   of    the   flux   dislribui  iwo 

pressures  are  only  in  phase  when  the  -  a  full 
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harmonics.  Since  the  machine  is  on  open  circuit,  the  dux 
distribution  is  symmetrical  about  the  wis  axis,  so  that  the 
equation  of  the  flux-density  curve  is  simply —  ^ 

B.  =  B,  sin  «,  -f  B,  sin  3  9,  -f 

where  <i.  s « f  angular   movement   in   time  I  at  angular 

r  B.  and  Bi-  in  Equation  (j)— 

*  =  T.  p  L  IO-*  {  B,  (sin  0,  —  sin  •.-) 
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Now  S.x-  —  e.v  =  TT  ±  e  =  coil-span, 

tlKMi  sin  9.V'  =  sin  (n-  +  ft,-  ±  e)  =  —  sin  (ft,-  ±  e), 

and  sin  ftv  —  sin  O.i-' =  2  sin  (o.\±-j  cos -=  2/t,  sin  e", 

where  o"  =  ()..  ±  ' 

2 

and  ./;,  =  cos  ^  =  coil-span  factor  for  fundamental. 

Similarly,  /.^  =  cos  "  ^  =  coil-span  factor  for  ;(th  har- 
monic. 

It  will  be  seen  later  that  the  coil-span  factor  can 
effectively  suppress  certain  harmonics  in  the  induced 
pressure.    For  instance,  if  the  coil  spans  two-thirds  of  a 

pole-pitch,  e  =  7r/3,  then  f,.  =  cos  3  (r^,)  =  °-  '^^'  ^S^'"' 
if  the  number  of  slots  per  pole-pair,  2  Q,  is  odd,  and  the 
coil-span  is  as  nearly  equal  to  a  full  pole-pitch  as  possible, 
then  6  =  ±  7/2,  and  the  2Qth  harmonic  vanishes  from  the 

coil  pressure,  since  ^^  =  cos  2  Q  ( j^)  =  cos  ^  =  o. 
Substituting  the  coil-span  factor  in  the  equation  for  e— 


f  =  2  T,ii  L  io-«(B,/e,  sin  B  ^.  +  BJ^^  sin  9,.  -f  .  .  .  ) 
=  2  T,t'  L  B,  ^e,  10-^  (sin  e"  +  1^  •  -^  sin  3  e"  -(-...) 

=  e,„,^.  sin  ej!  +  e,„„.  sin  3  6  j!  -|-  .  .  .  «„„.»,  sin  n  9^.     .    (5) 

where  d„„is.  =  2  T^  w  L  B^/^^  10—*. 

With  full-pitch  coils  £  =  oand/e„=i.  The  curve  of 
electromotive  force,  e,  induced  in  a  coil  is  then  identical  in 
shape  and  phase  with  the  B-curve. 

3.  Electromotive   Force   Induced   in  a  Circuit  of  a 
Winding  by  Rotation  in  a  Steady  Field.* 

The  next  step  is  to  find  the  electromotive  force  induced 
in  a  number  of  identical  coils  displaced  from  one  another 
in  the  field  and  joined  in  series  to  form  a  circuit.  These 
coils  may  be  arranged  in  one  or  more  equal  groups,  the 
successive  coils  in  a  group  being  displaced  in  the  field  by 
the  angle  1//,  and  the  successive  groups  by  the  angle  %■ 
Thus,  in  general — 

coils  in  a  circuit,  c=:  N  groups  of  coils  x  vi  coils  per  group. 

Let  2™«  denote  the  pressure  induced  in  a  group  of  m 
coils,  then  the  pressure  induced  in  a  circuit  is — 


2:^=2!' (s;» 


(6) 


If  there  are  T^  turns  in  a  coil,  the  total  number  of  turns 
in  a  circuit  is  T  =  c  T^  =  )h  N  T,. 

The  number  of  circuits  in  which  the  same  pressure 
2^  e  is  induced  depends  on  the  position  of  the  slots  with 
respect  to  the  poles.  So  far  as  the  shape  of  the  pressure 
wave  is  concerned,  it  is  immaterial  whether  identical 
circuits  are  joined  in  series  or  in  parallel,  or  wTiether  a 
circuit  forms  the  whole  or  a  part  of  one  or  more  phases. 

When  there  is  a  whole  number  of  slots  in  each  pole-pair, 

the  coils  in  every  pole-pair  lie  in  similar  positions  in  the  field, 

'  Ey  a  steady  field  is  meant  that  the  flux  is  constant  in  value  and 
fixed  with  respect  to  tlie  poles. 


and  there  are  as  many  identical  circuits  as  there  are  pole- 
pairs.  Each  circuit  lias  then  only  one  group  of  coils,  and  m 
can  have  any  value  up  to  the  number  of  coils  per  pole-pair. 
Thus  when  2  Q  is  an  integer,  N  =  i,  f  =  m,  and  S,  <^  ^  S"'e, 
whilst  there  are  A  :=  />  identical  circuits. 

If  2  Q  N  is  an  integer,  and  the  number  of  slots  is  not  a 
whole  number  in  fewer  than  N  pole-pairs,  there  will  be  a 
group  of  m  coils  in  each  of  the  N  pole-pairs,  and  each 
group  will  occupy  a  different  position  in  the  field.  In  this 
case,  a  circuit  contains  c:=  N  ;»  coils,  and  S  '^  '^  ^s  given 
in  Equation  (6). 

In  order  to  have  A  identical  circuits  in  a  winding,  ^/N 
must  be  equal  to  A,  also  the  number  of  slots  must  be 
exactly  divisible  by  A,  i.e.  both  />/A  and  s/A  must  be  whole 
numbers.  These  conditions  may  or  may  not  be  satisfied, 
but  should  be  when  the  circuits  are  in  parallel.  This 
desirability  is  well  illustrated  in  the  case  of  double-layer 
closed  windings,  where  costly  experience  has  often  been 
gained  through  ignoring  these  conditions. 

In  the  double-layer  arrangement,  there  are  two  sets  of 
circuits,  and  when  the  A  circuits  of  one  set  are  identical, 
the  A  circuits  of  the  other  set  are  also  identical.  When  the 
double-layer  winding  is  closed,  the  two  sets  of  circuits  are 
in  parallel,  thus  making  A  =  a  pairs  of  circuits  in  parallel, 
or  2  A  circuits  in  all. 

A  very  interesting  and  important  case  in  practice  is  the 
single-layer  winding  with  Q  an  integer.  In  this  common 
case,  the  coil-sides  in  every  pole-pitch  occupy  similar 
positions  in  the  field,  since  for  every  value  of  Bj,  there  is  a 
corresponding  value  B.v'  =  —  B^^  Hence,  if  there  are  m 
coils  in  each  pole,  S7'^  =  — S™  "^  in  adjacent  poles,  so 
that  there  are  two  sets  of  p  identical  circuits,  and  the 
electromotive  force  induced  in  the  one  set  of  circuits  is 
equal  and  opposite  to  that  induced  in  the  other  set.  In  this 
way  2p  parallel  circuits  can  be  obtained  in  a  single-layer 
winding.  An  arrangement  suitable  for  this  is  that  marked 
"actual  coils"  in  Fig.  1(6). 

The  above  arrangements  are  further  dealt  with  in  Part  II 
of  the  paper. 

Before  discussing  the  general  case  represented  by 
Equation  (6),  the  important  practical  cases  when 
S'  e  ^  ■S"'e  will  be  considered. 

For  the  m  coils  of  a  group,  let  B^,  B«,  .  .  .  B„,  and 
Bo',  Bft',  .  .  .  Bm'  denote  the  flux-densities  in  which  the 
respective  coil-sides  lie,  then,  as  seen  from  Equation  (3), 
the  instantaneous  value  of  the  pressure  will  be — 


2;,"  e  =  TcV'Lio-^\{Ba+^b+  .  .  .)  —  (Ba'  -|-  B(,'  -|- 


:T,i'Lio-8{y':'B.v-S:"B.v 


(7) 


In  discussing  Equation  (7),  windings  equivalent  to 
uniformly  distributed  windings  will  first  be  considered. 
The  effect  of  the  slots  will  then  be  taken  into  account, 
after  which  the  general  case  can  be  easily  followed. 

I.  Uniformly  distributed  windings. — With  the  various 
methods  of  reducing  the  tooth  effects,  it  has  been 
mentioned  that  certain  armature  windings  can  be  regarded 
as  distributed  uniformly  over  the  periphery.  Taking  the 
simplest  case  of  a  single-layer  winding  with  a  whole 
number  of  slots  per  pole  and  the  slots  or  the  pole- 
shoes   skewed  by    an    amount    equal    to    the    slot-pitch, 
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Equation  fja)  now  becomes— 
v;  f  =  2  T  f  L 
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ulicrcT^T.  K  Ml  ^  iiuinber  of  turns  in  a  circuit,  or  the 
total  number  ol   lurn^,  when  several  identical  circuits  ure 
joined  in  serie-  to  form  a  phase,  etc. 
Substitutinji;  lor  B.  [Kquaiion  (4)]  we  have  then-- 
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S/r  ^  !/•?.  Starting  with  the  centre  of  the  group  or  phase 
at  o,  the  electromotive  force  is  zero.  As  the  winding  (or 
field)  rotates,  the  conductors  come  under  the  pole  one  by 
one  and  the  pressure  rises  uniformly  until  tlic  middle  of 
the  phase  reaches  7r/3,  when  it  attains  its  maximum  value. 
From  x/?  to  2W3,  all  the  conductors  remain  under  the 
pole,  so  that  the  electromotive  force  remains  steady  at  its 
maximum  value.  After  the  centre  of  tlie  phase  passes 
2  7r/3,  the  conductors  begin  to  leave  the  pole  and  the 
pressure  falls.  This  continues  until  the  centre  of  the  group 
is  at  rr,  when  the  electromotive  force  is  zero.    The  pressure 


so  that  the  equation  for  the  pressure  S,"  <'  with  a  rect- 
angular flux  distribution  over  two-thirds  of  the  pole-pitch 
becomes — 


,24-73-,^ 


,„  ^  ^  2j^^j  ,1     ^,  jo_,»  r  /  ._^  b  ^  ^._^  g 

"  TT-'  3  V  '■     2 

I.  S   TT      .  „  I.  StT.  „  \/x 

sm  ^  -       SHI  q  e  —   — sm  7 sm  7  9...)    (11) 

25        -^  T  2        •'  49        '  T  2        '  / 

From   this    general    equation    the    electromotive   force 
curve  for  any  given  spread  of  the  armature  winding  c.-m 


a 


Fig.  7. — Calculated  Pressure  Curves  for  Rectangular  Flux  Distribution  with  Winding  Distributed  Uniformly  over  Arc  S  of 

Pole-pitch  T  (same  number  of  turns  in  each  case). 
Compare  with  Oscillograms  in  Fig.  8. 


wave  thus  obtained  for  a  phase  of  a  3-phase  winding  is 
shown  in  Fig.  7(6). 

In  a  precisely  similar  manner  the  pressure  curve  for  any 
other  uniform  distribution  of  the  winding  is  obtained. 
Thus  Fig.  7(c)  for  S/!-  =  1/2  is  the  electromotive  force  curve 
of  a  phase  of  an  open  2-phase  winding ;  Fig.  7(rf)  for 
S/  r  =  2/3  is  the  pressure  curve  of  a  3-phase  closed  winding 
with  tappings  at  120"  (3-phase  rotary  converter)  or  the 
terminal  pressure  of  a  3-phase  open  winding,  star-con- 
nected. Fig.  7(d)  for  S/r:=  I,  represents  the  pressure  of  a 
winding  spread  uniformly  over  the  whole  pole-pitch,  as 
met  with  in  converters  with  diametral  tappings,  or  with 
the  two  phases  of  a  2-phase  open  winding  joined  in  series. 

These  electromotive  force  waves  can  also  be  obtained 
analytically  in  the  following  manner.  Taking  again  the 
ratio  of  pole-arc  to  pole-pitch  as  2/3,  which  is  usual  for 
low-speed  alternators,  the  equation  for  the  flux-distribution 
is  found  by  substituting  a  =  5r/6  =  30°  in  Equation  (9)  : — 

^  (sin  0,  -  I  sin  5  0.-^ 

It  is  seen  that  with  this  ratio  of  pole-arc  to  pole-pitch,  all 
harmonics  whose  orders  are  multiples  of  3  vanish  in  the 
flux  curve,  so  that  there  can  be  no  third,  ninth,  etc., 
harmonics  in  the  pressure  waves.  For  the  remaining  flux 
harmonics — 

^5  —  _i     ?z=_l.lii L 

B,  ~       5  '  B,  7'    B,  ~  II 

*         3    * 


B.=  ^B, 


(sin  8,—  ^  sin  5  0,  —  ^  sin  7  e^,  4-  .  .  .  j 


etc. 


Also 


and 


^^  =  ¥71  =  2   rL' 


B.  =  4b 


J  3  _  3  J  3 


Substituting  these  values  in  Equation  (8),  we  get  for  the 
constant  term — 


2Tv'L 


B,  10- 


*  =  2T(2/r)L 

_  24  -J?, 


1.3J3 


T/*  lo- 


be   found.      Thus   for   the    cases   represented    in    Fig.   7 
we  get  : — 

Phase    pressure    of    3-phase    open    winding,   S/r  =1/3 
[Fig.  7(6)]- 


.  36  v/3 


H  (sin  9 !-  sin  15  e  4-  —  sin  7  9  .  .  . ) 

V  25         ^      ^  49         '  ) 


Phase   pressure  of   a  2-phase  open  winding,   S/r  =  1/2 
[Fig.  (7c)]- 

S;;'6'  =  2W|v^  f^/ginO^  i  sin  59  4-  -'-sin  7  9...") 
"■  \  25  49  / 

Phase  pressure  of  a  3-phase  converter,  or  line  pressure 
of  star-connected  3-phase  winding,  S/r  =  2/3  [Fig.  7(rf)] — 


S;;' «  =  ^  H  (sin  9  4-  i-  sin  s  9  ■ 


49 


sin  79. 


■) 


Phase  pressure  with  diametral  tappings  in  a  converter, 
S/r=i   [Fig.7(£)]- 


% 

where 


"'  g  =  ?4s/3  H  ('sin  9 "-  sin  5  9  4-  —  sin  7  9...) 

7r=  \  25        ^     ^  49        '  y 


25 
H  =  T/'[>io-'. 


The  graphical  method  is  obviously  much  simpler,  for 
with  other  ratios  of  pole-arc  to  pole-pitch  it  is  not  easy  to 
find  the  curve  represented  by  the  analytical  equation  with- 
out actually  plotting  it.  On  the  other  hand,  the  graphical 
method  is  only  simple  when  the  flux  curve  is  a  rectangle. 

To  show  that  the  curves  obtained  under  the  assumption 
of  a  rectangular  flux  distribution  agree  well  with  those 
given  by  actual  machines,  a  comparison  may  be  made 
with  the  oscillograms  reproduced  in  Fig.  8.  These  oscillo- 
grams were  taken  on  a  rotary  converter  run  a?  a  generator 
on  open-circuit.  It  is  seen  that  Figs.  8(a),  8(6),  8(c),  confirm 
Figs.  7(&),  7(rf),  Tie),  respectively. 
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Compare  with  CilcuUtcd  Curve*  in  Kig.  7. 

An   intercslini!   Ilieorctical   case   arises   when  the  flux-       for  Ihe  pressure    VJ«-   induced  in  a  winding;   diOributed 
t    over    the    whole    pole-pitch        The       uniformly  over  the  arc  S,  »s  foUow> 
curve  then  becomes — 


11.  =  ''    B,(&in  ».  +  '  sin  3  e,  +  '  Mn  5  tt,  +  .  .  . ) 
»        \  3        "  5  ' 

H     a 

Substiluling  for  Ihe  ratios  „*,    ;,',  etc.,  in  Kquation  ^ISi 

o,      D, 
we  get  for  the  pressure — 

^     'TrLB.io-'^      „ 

V   <■  ^      ;    j; I  sin        sin  0 


S 


I    •       S  «■    .       „  .         \ 


■f  '  sin3/J'sin3^JMn3«■^  ..  .]     .      13) 

111- 
the  lu 

indeed.      1  r  ex*uipic  io  aiuia  «uut>d 

out  of  15,  ;        .  i» — 

v:.=  7'^/3rH(«n^^;s.n«_ism5;^«n5«...) 


•'■  s  case,  therefore,  the  hannonics  whose  orders  arc 
.  les  of   3   vanish    and   all  the  others  are  le»   than 
t.    so    that    till  >.     wavt- 

•r  all  '-.ilio".  ot  I  ig    i~ 


I  ice  seen  to  be  the  equation  of  a  trapi 

[cp.    -.^ ;j   (lo)j,   in   which   S/r  =  ^   and   the    ':>  „ 

=     TpL  B,  10-*,  so  that  the  pressure  curve  vjf  for  an% 

'>prcad  of  a  uniformly  distributed  winding  can  be  found  at 

:.,     In 
(Hjle- 
pitch.  I...  s.r=  i.  .  ^  "g  S/>  =        1/3  1,3     3::,  • 

(6)  1i,if>mum  1,.  .id«).        1  in  per  cent  :s=   — 31     —  1*5    o  *'S 

—With  Ihe  comparatively  low  liux-densities  used  in  modern       Killh  tiaimonic  in  per  cent  :  =   —  07  —  O'S 


1' 

percentages  of  Ihe  lundainental — 

^  "g  S/>=       1/3 
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The  harmonics  here  are  all  negligible  except  the  third, 
which  is  seen  to  be  considerable  in  tlic  phase  pressure, 
S/r  =  i/3,  of  a  3-phasc  winding. 

Turning  now  to  the  case  where  the  centre  part  of  the 
pole  is  left  unslotted,  a  flux  distribution  is  obtained  similar 
to  that  shown  in  the  oscillogram  reproduced  in  Fig.  9(a), 


Fig.  9. — Flux  Distribution  of  Non-salient-pole  Turbo-alternator 
with  Polar  Horn  Unslotted. 


ia)  .Actual  curve. 


{b)  Assumed  mean  curve. 


taken  on  a  2-pole  machine  with  12  slots  per  pole,  spaced  as 
if  there  16,  so  that  /3  =  3/4.  This  curve  was  taken  by  plac- 
ing a  conductor  in  the  air-gap,  and  it  is  quite  permissible 
to  replace  it  by  a  trapezium  plus  a  rectangle  of  base 
(i  — /3)  r.  An  assumed  curve  of  this  nature,  but  for  another 
value  of  /3,  is  shown  in  Fig.  g{b).  Occasionally  a  steel 
wedge  is  placed  in  the  two  inside  slots  of  each  pole  to 
increase  further  the  width  of  the  rectangular  part  at 
the  top. 

The  equation  of  the  curve  in  Fig.  9(6)  is — 


a 


ijj  f.; 


sin  /3 1 


sin  e,  +  -  sin  3  8  -  sin  3  9.-  + 
9  3        -'-'•' 


cos  /3  -  sin  e,  -j-  -  cos  3  /3  -  sin  ; 
2  "^  1        ' 


■•) 


(13) 


To  lind  the  increase  in  output  obtained  by  leaving  the 
unwouad  part  of  the  rotor  solid,  we  must  consider  the 
virtual  value  of  the  electromotive  force.  This  depends 
almost  entirel}-  upon  the  fundamental,  whence  it  follows 
that  the  output  of  the  machine  is  increased  in  the  ratio — 


4 


1:1  + 


-  jVs  cos  /3  ■ 


8  Vi   .     „  ff 


=  1:1-1- 


7r/3 

2  tan  /3  - 
2 


r. 


With  (3  =  2/3,  this  ratio  becomes  i  :  i  -|-  o-6  y,\y^ 
With  ^  =  3/4,  this  ratio  becomes  i  :  i  -1-  o'S  y\\y^. 


Taking  yjy^  =  1/5,  as  in  the  oscillogram  shown,  the 
virtual  eleclromotive  force,  and  therefore  the  output, 
arc  increased  12  per  cent  when  /i5^  2/3,  and  10  per  cent 
when  /3  =  3/4. 

Regarding  tlie  shape  of  the  pressure  wave,  it  is  found 
that  the  harmonics  are  not  always  as  small  as  with  the 
uniformly  slotted  rotor.  For  example,  with  /3  =  2/3  and 
J'3/>'i=  i/S,  the  pressure  induced  in  a  phase  of  a  3-phase 
open  winding  will  have  a  third  harmonic  of  nearly  5  per 
cent,  though  all  the  others  will  be  quite  small.  Results 
for  any  other  case  can  be  worked  out  in  a  similar  way. 

(c)  General  flux  distribution—The  Distribution  Factor. — 
Returning  to  Equation  (8),  the  general  expression  for  the 
pressure  induced  in  in  full-pitch  coils  distributed  uniformly 
over  the  arc  S  may  be  written  as  follows — 


s;;' 


.  s 

sni  - 


2Ti'Lio-''-  B, 


+  B3 


sm3 


•  sin  3  9  4- 


=  2  T  z'  L  ID-'*  (B,/,„,  sin  0  +  B^f,,,,  sin  3  9  -f-  .  .  .)    (14) 
=  2  T  2;  L  io-»  B./,„.  (sin  e  +  ~''psin3e+  ...)  (140), 


where 


/'"i  — 


fm,  — 


S    TT 

T     2 


h     TT 

sm  3  -  - 

•^     T     2 


fmn 


S    IT 


fill,,  fmy  ■  ■  ■  fmn  are  defined  as  the  distribution  factors 
for  the  several  harmonics,  and  show  the  amount  by  which 
the  harmonics  of  the  B-curve  are  reduced  in  the  pressure 
curve  by  the  spread  of  the  winding. 

In  Table  i  the  values  of  these  factors  are  given  for  the 
cases  generallj'  met  with  in  practice,  whilst  in  Table  2  the 
ratios  f„lfi,  defined  as  the  reduction  factors,  are  given  as 
percentages. 

By  means  of  these  distribution  factors  we  can  calculate 
the  pressure  S™  e  induced  in  a  winding  with  full-pitch  coils, 
distributed  uniform^  over  any  fraction  of  the  pole-pitch, 
by  any  flux  of  which  the  wave  shape  is  known.  Though 
such  a  procedure  is  seldom  necessary  in  practice,  these 
tables  are  of  great  interest,  for  they  show  the  amount 
by  which  the  flux  harmonics  are  reduced  in  the  pressure 
curve  by  the  spread  of  the  winding.  For  example,  in 
a  section  or  winding  spread  over  the  whole  periphery, 
S/r  ^  I,  the  magnitude  of  the  distribution  factor  in  per 
cent  is  ioo//j  ;  i.e.  in  this  case  the  distribution  factors  bear 
the  same  ratio  to  one  another  numerically  as  the  harmonics 
of  a  rectangle. 
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jrraoiiic*  which  may  be  present  in  the  fliw  curve,  and 

•   '  '       n   the   electromotive  force  of  each   conductor 

iHTor   entirely  from    the  plusc  pressure.      The 


I  'iiic,  n,  stuil  not  reappear  in  the  prcstsure 

i,  -  , — -ut    in    the    B-curve.    it    is    sufficient     and 

necessarv  that  /«.  ^o.  or  mh  n'      ^u  1  since  the  dcnomi- 


Mtor  n 


•  I'MouMv  can  never  t>c  zero  or  infinite).    No>v, 


iu»  -  .  =»iu  Xvsoooly  holds  when  X  =  ^  '  =0.  1.1, 
'  ic. ;  M,  of  course,  being  any  odd  intcf>rr 


the  pressure  of  a  single-phase  alternator  with  two-thirds 
of  the  periphery  wound.     It  will  be  sc^       '  .!>o 

holds    when  the    u-indini<    is    placed    in  i 

1. 

(III:   cululiin  -^1^. 

.\gaiii.   Ill  way,  »*ith    S/r  =  s;,  or  4/5  it  can 

be   shown   that   no   iiarmonic   whi>.'h   is   a   multiple   of    5 

.  .,.    .xiiear   in  the  pressure  curve.      '  '  -   ■■•   c  - 

•.ice.   however,  is  the   one  y. 
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1  ■  .  i>ittiom  Facloi. — It  is  neces- 

sary now  Ul  investigate  the  cnecl  of  Ihe  slots  on  the  shape 
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of  the  pressure  wave,  and  then  to  see  to  what  extent  this 
effect  is  rendered  negligible  by  making  Q  fractional,  or  by 
shifting  the  pole-shoes,  etc. 

Consider  a  single-layer  winding.  If  s  denotes  the  total 
number  of  slots  in  the  periphery,  then  the  slot-pitch  in 
radians  will  be  y  =  2 />  tt/s  =  sr/Q.  The  slot-pitch  then 
denotes  the  angle  between  successive  coil-sides,  and  the 
sum  of  the  electromotive  forces  induced  in  in  coil-sides  dis- 
placed from  one  another  bv  tlie  angle  y  (see  Fig.  10),  will 
be  [see  Equation  (7)] — 

T.i'Lio-^S.X, 


1. 


^^r/^a'   (m.-!)r   ^ 

h 

<-' 

7U 
\ 

—  y 

-. 

FUi.  10. — Spacing  of  Slots. 


Expanding  S"l  B^.  (see  Equation  (4)  and  Fig.  10), 

2';;b,=  b„  +  b«  +  ...  B„, 

=  B,  (sin  e,  -f-  sin  Sj  +  ...  sin  8,,,) 

-I-  B3  (sin  3  e„  -i-  sin  3  e«  -f  .  .  .  sin  3  8„,)  -|-  .  . 


=  B. 


.     /  m  —  I    \ 

sm  (^8a  -i-  -  —       1)' 


III  y 


+  B, 


/„         in  —  I 
sin  3  \e^  +  —  —  7 


)  sins 


my 
2 


+  .. 


Now  da  -\ —  7  =    °-    -— "=  9  =  displacement  of  the 

mid-point  of  the  group  of  in  coil-sides  ;  hence — 


2";B,  =  »!Jb, 


III  y 


III  y 


-  sin  e  -h  B3 


sin  394-... 


ni  sin  3  ; 


=  in  (B,/,„,  sin  9  +  B^fm,  sin  3  9  -)-  .  .  .) 

Similarly,  for  the  other  in  coil-sides  of  the  group  [see 
Equation  (7)] — 

Sj  B./  =  in  (B./,„,  sin  9'  +  B3  f,,,^  sin  3  9'  -|-  .  .  .) 

The  distribution  factors  have  now  the  form — 


.     my 

Sin  — - 

/».  -  -       -   - 

.     m  w 
sin  ^  - 

Q2 

.     y 

in  Sin  - 
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m  y 
sm  n  — - 
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I   TT 

msin^-^ 

in  TT 
sm  »  ^  - 
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III  sin  n  - 
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since  y  =  tt/Q. 

I     TT 

m  sin  n  ^ 
02 

In  general,  if  the  coil-sides  are  displaced  from  one 
another  by  the  angle  ^,  the  distribution  factor  for  the  «th 
harmonic  is — 


fill,,  — 


/m  M 
:sin«(Q 


The  influence  of  the  distribution  factor  on  the  shape  of 
the  pressure  wave  can  now  be  investigated. 

(a)  Whole  niiinber  of  slols  per  pole  —  The  Spacing  Ripple. — 
This  is  the  common  case  with  single-layer  windings. 
The  actual  coils  can  be  replaced  by  full-pitch  coils,  so  that 
S"'  By  =:  —  S'"  B;^ ;  whence  the  expression  for  the  pressure 
induced  in  m  full-pitch  coils,  at  angle  y  apart,  becomes — 

S,',"  c  =  2  T  !■  L  10-'  (B,/,„,  sin  9  -f  B3/,,,,  sin  3  9  -f  .  .  .)  (15) 
=  2Ti;Lio-'*B,/„,,(sin94-|?.-^'-3sin39-|-.  .  .)  (15a) 

where  T=  j«Tf  =  number  of  turns  in  a  circuit,  or,  since 
the  same  pressure  is  induced  in  each  of  the  p  identical 
circuits  formed  by  the  groups  of  m  coils  of  the  several 
pole-pairs,  T  can  refer  to  a  number  of  circuits  in  series, 
e.g.  a  phase.  The  coil-span  factor  cos  n  5/2  is  unity  for 
every  harmonic. 

A  closer  examination  of  the  distribution  factors  when 
O  is  integral  reveals  interesting  results.  In  this  common 
case,  where  O  is  any  odd  or  even  number,  2  O — the 
number  of  slots  in  a  double  pole-pitch,  corresponding  with 
a  complete  period — will  always  be  even.  Further,  with 
steady  flux  curves,  and  the  positive  and  negative  parts 
identical,  only  odd  harmonics  are  present ;  hence  2  Q  ^  i, 
2Q±3,  .  .  ■  2O+.V  and  (M2Q+.V-)  will  be  possible 
values  of  n  for  the  harmonics  B,„  where  .t  is  any  odd 
number  and  M  any  whole  number.  For  these  particular 
harmonics,  the  distribution  factors  become — 


sin(2Q±i)^ 


/,„  (s  Q  -  I)  =/,„  (2  Q -H)  = 


O2 


m  sin  (2  Q  ±  1) 


Q2 


m  V 
sm^- 


I     IT 

m  sin  ^  — 
Q  2 


-=±/. 


Similarly 
and 
and 


/'«(2Q  -  3)  =/"'(2Q  -I-  3)  =  ±/">3' 
/,«(2Q  -  .1')  ^/«i(2  Q  +  -V)  ^  ±/»to 
/„HM  20-  .V)  =/i«  (M  2  Q  -1-  .1-)  =  ±fm,. 


Thus  when  the  number  of  slots  per  pole  is  an  integer, 
the  distribution  factor  does  not  decrease,  as  the  order  of  the 
harmonic  n  increases,  in  the  same  way  as  with  uniformly 
distributed  windings,  but  periodically  rises  to  a  maximum 
(numerically  =/m,)  whenever  n  passes  a  multiple  of  2Q. 
For  example,  with  Q  =  6  or  2  Q  =  12,  as  in  a  3-phase  winding 
with  two  slots  per  pole  and  phase  {m  =  q  =  2),   we    get 

/m,i  =  /m(M2  Q-  I)=/i/l(M2  Q-t- 1)  =±/m,    when  «  =  7.1,  I3  ; 

23.  25  ;  35.  37  ;  47.  49.  etc.  (cp.  Table  3).  This  means  that 
if  any  of  these  harmonics  are  present  in  the  B-curve,  they 
will  reappear  in  the  pressure  curve  S'l'«  with  the  same 
percentage  value  as  the  fundamental,  whilst  the  other 
harmonics  are  largely  reduced  by  their  distribution,  factors. 
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Stitcc  ilu>  ctfcd  Ik  due  (o  the  >(wciiit;  u(  ihc  >i 

<-.  ■    li  i>  . 

•  I    i*J-±  t,   >ilicc  Ihc  valur«  ul    h. 
=»(M  iO  ♦-  II.  Mlini  M  -1       AK>. 


a« 

tie 
lO 


•«ll 


r^~L_ 


Fig.  II  —The  Spacini;  Riii  1 


Caloilalcd  Prc«'ure  Curves  for  Kccungular  Flux  Distribution 

^'''  •:.   a    Whole    Nuinhcr   of    Sioi> 

L     2i)d    Phase.     Compare    v\  ilh 

--V.  .!.■  '^1  .»!ll-       III        i      1^5.        1-        .i!lll        II. 


111..     1    •     ( 

Term.: 
having 


-  shotting  Sixiciiig  Ripple  in  PhaM;  and 
I-    ■!    Vpha^c    Salicnlpolc    Allcriulor. 
O  bcuii-^.  ixrr  Pole,     i/ =  J. 

C^.'     ,  .  Kijj.  11(a). 


(>Uf )    |>(r»urc 

.-„-...i-f  Ihc  rc<i 

aagle.     Ki{>.  tii.. 
and  phatc  ;  Ihc  p:  .i-c  p 
tO){clhcr     twu     li-curvir> 
p>  louiid  l>\ 

Iw  :tf     !;•' 

V  . 


wavr>     arc 

"iibri   oi    I.  . ...  ■ 
e«e  curve*  lor 


,<« 
tal 

u« 
in 
c» 


!ve  the  corners  ai  *a 

..ii  the  Icfl  a(  Ihc  duj;. ..  ..        .       .. .. ^hl 

uf  Ihc  diagrams  rcprcMriil  Ihc  pressure  curve*  Itul  would 
obtain  .     '  j». 

The  and  Fif^  i3<<*). 

(^  ■'.%. 

ha .  .  .y. 

cleariv  shuw  the  spacing;  npplc.     In  bom  tnt  .c» 

the  Hux  curves  are  fairly  rectangular  and  si:.  .  ^:  i» 
seen  in  the  curves  marked  "  coil  pressure,"  showing  thai 
there  is  practically  no  swinging  of  the  flux,  so  that  the 
ripple  is  almost  entirely  due  to  the  spacing  of  the 
coils.     The   magnitude  ul    the  spacing   :  .>  eaMly 

be  calculated    when   tlie    harmonics   in  .:vc   are 

known. 

The  distribution  factors  for  the  phase  pressure  of  ordinary 
3-pha&e  open  windings  with  a  whole  number  of  sk>U 
per  pole  arc  given  in  Tabic  3.  The>e  have  been  found 
by  simply  »ubslituting  m  ^  </  ^  ^/3  in  the  formula;  for 
the  distribution  factor?.  Fur  the  sake  of  compansoo,  the 
corresponding  values  for  a  uniformly  distributed  winding 
with   S;r  =  i,3   arc    added.      To   fin  ng 

distribution  factor-  for  ihc  terminal  or 

ihe  E.M.F.  of  .1  of 

the  slots  wound.  .    '^ 

by  cos  n  yf.     This  caui  be  proved  a»  follows  :— 


1  ■ 


\'» 


n^ 


TZ7 


(•)  CoilProMiR 

Kio.  Ij.— Oscillograms  khowing  Spacing  K 


1*1  PhAM  Prvkkurc 


1(1  TcnwoAl  l^cMburc^ 


Prc»Mirc»  of  3-plia>«  Salienl-polc  Allcfiialur,  wilh 
V  =  J- 

CuUi^alc  Willi  t-i|>.  il(o). 


218 


SMITH    &   BOULDING  :   THE   SHAPE   OF 


where  m  =  q  for  the  phase  pressure,  and  m  =  2  <;  for  the 
interlinked  pressure  ;  hence  we  have 


./'H«I  — 


Q  2  sin  n  30° 


I     TT 

(/  sin  H  7.  - 
Q  2 


q  sni ;; 


Q2 


for  phase  I,  and  .       2  o  n- 

Q  2  sni  n  00 


I  (7  SUl  II    - 


2  q  sm  n  ;,  - 

'  Q2 


for  phases  I  and  II  in  series,  so  that 

/lllni—u  =/i 


sin  »  60°   ,      2  sin  n  30°  cos  n  30° 

2  sin  H  30°  ""•'"'"1  2  sin  «  30° 


=/m„,  cos  M  30° 

Three-phase  Windings  with  Whole  Number  op  Slots  per  Pole  (Q  =  3  y). 
Table  3. — Distribution  Factors  /„,„  =/„  for  Phase  Electromotive  Force. 


7  =  2 

3 

4 

5 

6 

■7 

8 

9 

ID 

S     I 

/. 

0-966 

0-960 

0-938 

0-957 

0-957 

0-957 

0-956 

0-955 

0-955 

0-955 

A 

0707 

0-667 

0-654 

0646 

0-644 

0-642 

0-641 

0-640 

0-639 

0636 

A 

0-259 

0217 

0-205 

0-200 

0-197 

0-195 

0-194 

0-194 

0-193 

O-191 

>7 

-0-259 

—0-177 

—0-158 

—0-149 

—0-145 

—0-143 

— 0-141 

— 0-140 

—0-140 

—0-136 

A 

—0-707 

—0-333 

— 0-270 

—0-247 

—0-236 

— 0-229 

—0-225 

— 0-222 

— 0-220 

0-212 

/» 

-0-966 

—0-177 

— 0-126 

— o-iio 

— 0-102 

—0-097 

—0-095 

—0-093 

— 0-092 

—0-087 

A, 

—0-966 

0-217 

0-126 

0-102 

0-092 

0086 

0-083 

0-081 

0-079 

0-073 

As 

—0-707 

0-667 

0-270 

0-200 

0-172 

0-158 

0-150 

0-145 

0-141 

0-127 

A, 

-0-259 

0-960 

0-158 

0-102 

0-084 

0-075 

0-070 

0-066 

0-064 

0-056 

/« 

0-259 

0-960 

—0-205 

— O'lIO 

—0-084 

— 0-072 

— 0-066 

— 0-062 

— 0-060 

—0-050 

A. 

0-707 

0-667 

-0-654 

—0-247 

— 0-172 

—0-143 

— 0-127 

— o-ii8 

—0-112 

— 0-091 

,/». 

0-966 

0-217 

-0-958 

—0-149 

— 0-092 

— 0072 

— 0-063 

—0-057 

—0-054 

— 0041 

A, 

0-966 

—0-177 

—0-958 

0-200 

0-102 

0-075 

0063 

0-056 

0-052 

0-038 

^ 

0-707 

-0-333 

-0-654 

0646 

0-236 

0-158 

0-127 

OIII 

o-ioi 

0-071 

/=, 

0-259 

—0-177 

—0-205 

0-957 

0-145 

0-086 

0-066 

0-056 

0-050 

0-033 

U 

-0-259 

0-217 

0-158 

0-957 

—0-197 

— 0-097 

— 0-070 

—0-057 

— 0-050 

—0-031 

t^ 

-0-707 

0-667 

0270 

0-646 

—0-644 

— 0-229 

—0-150 

— 0-118 

— OIOI 

—0-058 

A, 

-0-966 

0-960 

0-126 

0-200 

-0-957 

—0-143 

—0-083 

— 0-062 

— 0-052 

—0-027 

/. 

—0-966 

0-960 

— 0-126 

—0-149 

-0-957 

0-195 

0-095 

0-066 

0-054 

0026 

A 

—0-707 

0-667 

— 0-270 

—0-247 

—0-644 

0-642 

0-225 

0-145 

0-II2 

0-049 

/4. 

—0-259 

0-217 

-0-158 

— o-iio 

—0-197 

0-957 

0-141 

0-081 

0-060 

0023 

A, 

0-259 

—0-177 

0-205 

0-102 

0-145 

0-957 

—0-194 

—0-093 

—0-064 

— 0-022 

A, 

0-707 

—0-333 

0-654 

0-200 

0-236 

0-642 

-0-641 

—0-222 

— O-I4I 

— 0-042 

.A7 

0-966 

-0-177 

0-958 

0-102 

0-102 

0-195 

-0-956 

— 0-140 

—0-079 

— 0-020 

/« 

0-966 

0-217 

0-958 

— O-IIO 

— 0-092 

—0-143 

—0-956 

0-194 

0-092 

0019 

A. 

0-707 

0-667 

0-654 

—0-247 

— 0-172 

—0-229 

— 0-641 

0-640 

0-220 

0-038 

A, 

0-259 

0-960 

0-205 

—0-149 

—0-084 

-0-097 

—0-194 

0-955 

0-140 

0018 

/s, 

—0-259 

0-960 

—0-158 

0-200 

0-084 

0-086 

0-141 

0-955 

—0-193 

— 0-017 

A, 

—0-707 

0-667 

— 0-270 

0-646 

0-172 

0-158 

0-225 

0-640 

— 0-639 

—0-033 

U 

—0-966 

0-217 

— 0-126 

0-957 

0-092 

0075 

0-095 

0-194 

-0-955 

— 0016 

h. 

—0-966 

—0-177 

0-126 

0-957 

— 0-102 

—0-072 

-0-083 

— 0-140 

—0-955 

0-016 

^ 

-0-707 

—0-333 

0-270 

0-646 

—0-236 

—0-143 

—0-150 

—0-222 

—0-639 

0-030 

A3 

—0-259 

—0-177 

0-158 

■   0-200 

—0-145 

— 0-072 

— 0-070 

—0-093 

—0-193 

0-015 

The  chief  harmonics  in  the  spacing  ripple,  i.e.  2  Q  d;  i,  are  in  heavy-faced  type.     A  similar  table  can  be  worked 
out  for  2-phase  windings. 

Table  4. — Reduction  Factors  =  100  f„lf,  for  Phase  Electromotive  Force. 


q  =  2 

3 

4 

5 

6 

7 

8 

9 

10 

S  _  1 
'-      3 

/x 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

i' 

73-2 

69-5 

^68-2 

67-6 

67-3 

67-2 

67-1 

67-0 

66-9 

67-7 

A 

26-8 

22-7 

21-4 

20-9 

20-6 

20-4 

20-3 

20-3 

20-2 

20-0 

i 

—26-8 

-18-5 

-16-5 

-15-6 

-15-2 

—  14-9 

—14-8 

—14-7 

— 14-6 

—14-3 

—73-2 

—34-7 

-283 

-25-8 

-24-6 

—24-0 

—23-5 

—23-2 

—23-0 

— 22-2 

A. 

—100 

-18-5 

—13-2 

— 11-4 

— 10-6 

— 10-2 

—9-9 

-9-7 

-9-6 

—9-1 

U 

—100 

22-7 

13-2 

10-7 

9-6 

9-0 

8-7 

8-5 

8-3 

7-7 

A, 

—73-2 

69-5 

28-3 

20-9 

18-1 

i6-6 

15-7 

15-2 

14-8 

13-3 

A, 

—26-8 

100 

16-5 

10-7 

8-7 

7-8 

7-3 

6-9 

6-7 

59 

A, 

26-8 

100 

-21-4 

—II -4 

-8-7 

-7-5 

-6-9 

-6-5 

—6-2 

—5-3 

Ai 

7^'^ 

69-5 

—68-2 

-25-8 

— 18-1 

—14-9 

—13-3 

-12-4 

— 11-7 

—9-5 

M 

100 

22-7 

-100 

-15-6 

-9-6 

—7-5 

—6-6 

—6-0 

-5-6 

— 4"3 

A5 

100 

-18-5 

-100 

20-9 

10-6 

7-8 

6-6 

5-9 

5-4 

4-0 
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fl9 


to 


(1  in  a  ^roup  ol  m  cotU 

X".-T,rHo-*:v;B.-v;H..l 

—  •T.t-I.u.  'lU./..  Mn«+ B»<•,kin3••f 

—  (B,/«,  kin  r  -f  It,  r«,  ua%0  -i 
s  w  r.  r  L  lo^  ( li,  /«,  (>in  •  —  »in  i' 

+  B,  tm,  «>in  3  •  —  »"i  J  «• ,'  ■»■ 

—  3  •■  T,  p  L  I0-"  n.  f.  im,  tin  •  • 

<-B,/.,/-,«iD3  0+  . 

»    v..    ,    a  co»  at/iMCOil-iipui  (oclor  [koc  Equation  (5)]. 


Ihe 


variable  tctui  lur  (lie  iundainciiUl  wiil  tiavc  the  lunii- 
-.in  •,■  -f  >in  «J  ■(■...  tin  9^ 

,...^  N  — I    ,   .    Nx        .     N^ 


sin  u 


■iMd  for  the  nth  harmonic — 


N 


-  sin  H  e. 


Inserting  these  tennii  in  Equation  (6),  we  have — 

2", '-=£'(Sr.» 

N  X 

sin  — = 

=  I  \  i»i  T,  r  L  lo-*  j  B,/.,/«,  sin  M 

Nsin* 

3 


+  lVn/-, 


sin  3 


Nx 


Nsin3* 


sin  3  »  +     •  . } 


=  -•  T  t  L  1.       b, '.,  /■,/«,  sin  e 

+  B,A,/«,A-,sin30  +  .  .  .}    .    (i6) 
where — 

T  =  cT.  =  \mT.  =  total  number  of  turns  in  a  circuit, 
and — 

Nx 

sin  n     -* 

'N'.  =    =s  group  factor  of  the  «th  harmonic. 

N  sinH^ 

3 

ll  is  seen  that  the  cxprc^Mon  for  the  group  factor  has 
the  same  form  as  that  for  the  distnbution  factor. 

Kquation(i6)  is  the  general  expression  for  the  electro- 
motive force  induced  in  any  circuit  of  jl  winding. 


.1  in  praciical  ca»c«  thru  pi 


^  Cos  n 


ll     lut>     I 

,n  =  .,n     11. ■    ^ 

factor    tm,  ; 

i..^,  %  -   M   ..le  full-pitch  W: 
repicMTiil  the  wiiuiiiig  fa^ 


■  4> 


>!» 


'■« 


'7) 


3 

lie 


b  -.J  the 

n  .  4  as  a 

pcrcciit.igc. 

Introducing  the  winding  factor  into  Equation  <i6i.  ttM 
instantaneous  value  of  the  pressure  induced  in  any  cuciiil 
of  a  winding  is  given  by — 


2|  f  =  2  T  f  L  IQ-*  (B./,  sin  u  -f  Bj^  sin  3  m  -^ 

K    t 
=  J  T  f  L  lO-*  B.  f,  (sin  e  +  ^'  ,'  sin  3  h  + 


Id) 


This  result   is  similar   in   form    '.  4).   and 

where    the   coil-span    is    equal    or       ,  a    full 

pole-pitch  plus  or  minus  a  fraction  of  a  slot-pilch 
it  is  almost  in\'anably  found  that  the  harmonics  fall  off 
in    the    same    as    in    a    uniformly    distnbuted    winding 


-Terwvndl  presauT 


h^G.   u 


aiu 
0:5 


<r. 


jc:    1". 


(cp.  Table  <>,  Fart  11).     This  explains  why  a  smooth  pres- 
sure curve  is  obtained  when  ^>  is  fracUonal. 

An  illustraliOD  of  this  is  given  in  Fig.  14.  showing  the 
pressure  induced  in  a  coil,  in  a  phase,  and  in  two  phases  in 
scries.  These  records  were  taken  on  a  16-pole  machine 
with  1.  -  ••■id 

termii or 
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waj'.  shifting  the  pole-shoes,  etc.,  increases  the  effective 
distribution  and  thereby  makes  the  winding  practically 
equivalent   to  a  uniformly  distributed  winding. 

(c)  Effect  of  slotting  the  rotor.  —  In  modern  turbo- 
alternators  it  is  customary  to  place  the  exciting  winding  in 
slots  cut  in  the  peripherj'  of  the  rotor,  and  the  authors  now 


Fig.  i6  was  taken  from  a  2-pole  turbo-alternator  with  24 
stator  slots  nearly  closed  and  40  rotor  slots  closed  by  cast- 
iron  wedges.  The  rotor  was  uniformly  slotted  over  the 
whole  periphery  ;  16  out  of  20  slots  per  pole  wound,  and 
the  stator  was  3-phase  slar-coiinccted.  l<"ig.  17  was  taken 
on  a  2-pole  turbo-alternator  also  with  a  uniformly  slotted 


-i/W^V^^5e^%<^(X)()0()0G(! 


(o) Ripple  due  Co  spacing 
of  exciting  winding-. 

-<S)5\^\55^  harmonics  , 
(approx™'a  equivalent  to{a)). 

"i2iJTiJ~unjnjTiononononono^  Rotor  slots. 

(c)  Ripple  due  Co  variation 
of  gap  reluctance . 


(d)  Resultant  of  (o.)  hie) 
(approx.) 

Fig.  15.— Assumed  Ripples  in  Flux  Curve  due  to  Slotting  of  Rotor.     16  Slots  per  Pole— 12  wound. 
Compare  with  Coil  Pressure  in  Figs.  16  and  17. 


propose  to  investigate  the  effect  of  these  slots  on  the  shape 
of  the  pressure  wave.  With  the  rotor  slotted,  the  flux  is 
distributed  over  the  pole-pitch  in  the  form  of  tufts,  the 
magnitude  of  which  largely  depends  on  the  ratio  of  the 
slot-opening  to  the  air-gap,  and  also  on  the  nature  of 
the  wedge.  In  passing  it  may  be  mentioned  that  some 
or  all  of  the  wedges  are  often  made  magnetic  in  order  to 
reduce  the  gap  reluctance. 

Terrnind,! 
' pressure 


Fig.  16.— Oscillograms  showing  Effect  of  Rotor  Teeth  of  Non- 
salient-pole  Turbo-alternator.  24  Stator  Slots,  nearly  closed  ; 
40  Rotor  Slots  closed  with  Cast-iron  Wedges,  16/20 
Wound  ;  2  Poles.  Rotor  Slotted  uniformly  over  Whole 
Penphery. 

An  examination  of  the  oscillogram  reproduced  in 
Fig-  9{<^)>  taken  on  a  non-salient-pole  turbo-generator, 
shows  that  the  distribution  of  the  flux  does  not  follow  a 
smooth  curve.  This  is  also  revealed  by  the  curves 
marked  "coil  pressure"  in  Figs.  16  and  17,  which  repre- 
sent the  flux  distribution— the  field  being  practically 
steady,  owing  to  the  smallness  of  the  stator  slot-openings. 
Any  additional  effect  that  might  be  produced  by  the  flux 
swinging  will  be  referred  to  in  Section  4. 


rotor.  There  were  32  rotor  slots,  closed  by  wedges  made 
of  laminated  iron,  and  12  out  of  16  per  pole  were  wound. 
The  stator  had  60  semi-closed  slots  with  a  3-phase  star- 
connected  winding. 

It  is  seen  that  the  ripples  in  the  B-curve  (as  represented 
by  "  coil  pressure  ")  have  the  same  spacing  as  the  rotor 
teeth.  The  chief  ripple  is  due  to  the  exciting  winding  being 
placed  in  slots  [see  Fig.  15(a)].  This  ripple  only  occurs  in 
the  wound  part  of  the  pole-pitch,  and  its  amplitude  falls  off 
towards  the  centre,  as  the  flux  increases,  on  account  of 


Fig.  17. — Oscillograms  of  non-salient-pole  Turbo-alternator 
with  60  Stator  Slots,  Semi-closed  ;  32  Rotor  Slots,  12/16 
Wound  ;  2  Poles.  Rotor  Slotted  uniformly  over  Whole 
Periphery.  Rotor  Wedges — Laminated  Iron  outside.  Brass 
inside. 

saturation.  A  second  ripple  is  due  to  the  variation  of  gap 
reluctance  caused  by  the  slots  and  teeth,  and  exists  also 
in  the  unwound  part,  when  this  is  slotted  [see  Fig.  is(c)]. 
This  ripple  can  be  made  very  small,  however,  when  sub- 
stantial magnetic  wedges  are  used,  as  shown  in  Fig.  16 ; 
whilst  when  the  polar  horn  is  left  unslotted  it  disappears 
from  this  part  altogether,  as  seen  in  Fig.  9(a). 

Though  these  two  ripples  have  the  same  spacing,  they 
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t>e  practically  rcpbced 
K  4-  II  and  cj  K  —  I) — 


1  he  rnecl  01  llie  rutor  slots,  iben,  is  t  .m  addi- 
tional elect! omotivc  force,  e',  in  each  ^  :  1  due  to 
rotation  in  B',  the  magnitude  of  which  in  a  full  pilcb-coil 
wiU  be— 


c  =  J  T,  r  L  B-  IO-* 
=  — T.rLio-*B'. 


I  sin(i  R  +  I)  8,  +  sin  (J  R  —  1)9.} 


This  conclusion  is  borne  out  by  the  osciUognims  referred 
to  in  the  abtnc  arjjunient. 

I'locccUint^  iiou  to  the  influence  of  this  flux  ripple  on 
Ihc  prc»>ure  induced  in  the  m  coils  of  a  circuit  of  a 
winding;  with  (,}  on  integer,  it  is  only  necessary  to  introduce 
the  winding  factors  for  the  (l  R  ±  i)th  harmonics,  so  that 
the  equation  for  the  additional  electromotive  force  will  be — 


v'<-  = 


whcic 


and 


—  TrLio-'B'.^|/«(,R  +  ,)sin(iR+  i)e 

+/«(jR-  osin(2R  —  i)e} 


/••(iR-  l)S 


/■iUR>lF= 


sin(jR-i)y- 

ttr  — I  ■• 

sin(2R+i)?^ 

TjR+i^" 
Msin  — -^ 


The  magnitude  of  the  superposed  ripple  in  the  phase  or 
terminal  pressure  therefore  depends  on  the  v-alue  of  the 
distribution  factors  /«„  r^  ,  ^  Now  in  part  (a)  of  this  Section 
it  wa>  found  that  the  distribution  factors  were  generally 
small,  except  in  the  case  of  the  (2^±i)th  harmonics. 
L'nlc»^.  thcrcfoie,  R  and  Q  are  nearly  equal,  the  magni- 
tude of  '«;!<:  11  will  be  fairly  small  and  the  superjH)sed 
"PPl'  ST'  correspondingly  reduced.  Thus  in  Fig.  17, 
R  =  16  and  y  =  30,  so  that  for  the  phase  pressure./^  =  —  005 
and  r„=  —  01  (^cc  Table  3),  and  for  the  terminal  pressure 
ft,  =  0043  and  '„  =  o. 

The  result  of  these  very  low  distribution  factors  is  practi- 
cally to  delete  the  effect  of  the  rotor  teeth  entirely  from 

*  K  rcprc*e«t>  Um  S«acing  o<  Um  rotor  ikita.  do  matter  whether  the 
pular^horn  i*  tlottod  or  doL 
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II,  iHiwever,  it  should  U^  '   1  K  ±  1  b  j  ^  -f  1  or 

ly  —  I,  then  Innible  may  U  i»,.^.  ud.  To  ptovc  Ihu, lh0 
curves  in  Fig.  11  have  been  tcpiuduccd  fiuin  the  utctUO' 
gi  •  .'  pole  lurl>o-altcf iialur  w.'  jiitf 

3''  ^     Here  i  K4- 1  =3  >J— :  ,S7 

fl'l  rtO 

th  .4. 

in,'  .:iy 

uii  ,     .  ;  ce. 

It  is  thus  seen  that  when  the  number^  of  sluts  per  polc-p«ir 
on  the  slator  aiid  rolur  arc  equal  or  only  differ  by  two,  a 
very  pronounced  ripple  of  a  high  order  may  appear  in  Ihc 
pressure:  ai;  '  '  ;  lead  to  very 

uiiplca'ani  K   on    tbor 

gii  1  aial.>iig  y  autl   K  Ucail)  ui   caactly  equal  to 

Oil' 

In  conclusion,  it  may  be  well  briefly  to  recapitulate  the 
results  arrived  at  in  this  section.  The  spacing  o^  the 
armature  slots  is  seen  to  have  a  selective  influence — with 
a  normal  arrangement  of  slots  and  poles  all  the  harmootcs 
in  the  ti-curve  arc  reproduced  in  the  pressure  induced  in 
each  conductor  or  full-pitch  cuti,   1  .id 

termiiul  prc^^ure^  nio»i  of  the-*  an  4 

by  their  low  wii: 

iQ  ±1  appear  vt       .  u 

factors  approach  unity.     Hefore  a  harmonic  ca:  .f  M 

all  in  the  pressure,  it  must  exist  in  the  B-cur\L  .^May-s 
assuming  the  latter  to  be  steady.  The  winding  factor  ooly 
selects  some  of  these  and  suppresses  the  others,  and  so 
produces  the  spacing  ripple.  Uf  course  a  wave  with  a 
pronounced   ripple    may   have   fewer    harmon  a 

smooth  wave  ;  for  instance,  if  a  particular   ha.  av 

the  tilth,  were  suppressed  1  ctaiigle,  the  icsuitant 

curve  would  not  be  nearly  ^ 

The  spacing  ripple  in  salient-pole  machines  is  chiefly 
important  with  two  or  three  sluts  per  pole  and  per  phase, 
and  unless  one  of  the  several  methods  for  making  the 
winding  factor  very  small  is  used,  it  is  generally  advisable, 
when  a  smooth  pressure  wave  is  needed,  to  round  off  the 
pole  tips  so  as  to  red 
With  non-salient-|v>!c  ■ 
per  pole  is  , 
taken  to  avo. 
rotor. 

An  inspection  of  the  expression  for  the  distribalion  factor 
will  show  that  /■■«  for  the  nth  harmonic  can  be  made  tef*> 
in  the  same  way  as  with  uniformly  distributed  windings 
I  see  pak<e  31  si,  so  that  the  Icriiiiiial  pressure  of  a  «iuding 

.\e  no  harmonics,  the 
re. 
^c.  with  a  iiu  a  pressure  at  the 

It:     ;   als  free  fit  :c  must  either  be  no 

harmonics  in  the  B-curve,  or  their  winding  factors  must 
be  so  low  as  to  make  them  neghgiblc.  In  the  case  of 
the  tooth  effect,  the  winding  factors  in  question  can  be 
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made  very  small  by  making  Q  a  fraction,  or  by  skewing 
the  slots,  or  by  skewing  or  displacing  the  pole-shoes. 

HI.   Virtual  value  of  EM. F.  indiucd  in  a  winding.— The 
virtual  pressure  of  any  wave  is— 


J2    V 


;,  ~V  t^  3iiias.  "t"  *'  ; 


since  all  the  terms  under  the  root,  except  the  first,  are 
negligible.     Substituting  for   b  its  value   [see   Fig.   6(fl)] 

IT — 2  a  , 

-,  we  have — 


=  W?  T  2  /t-  L  IO-«  r^  /m.  cos  a, 


T       71 


where  £■„„„.,  t>„.,  etc.,  are  the  amplitudes  of  the  several 
harmonics  in  the  pressure  wave. 

The  virtual  value  of  the  pressure  induced  in  a  winding 
can  be  written — 

E  =  /tT/*  io-»  volts, 

where  k  =  the  E.M.F.  coefficient,  and  depends  on  the 
distribution  of  the  flux  and  of  tlie  winding. 

It  is  next  proposed  to  determine  k  for  the  various  cases 
which  arise  in  practice.  We  shall  assume  uniformly  dis- 
tributed windings  with  equivalent  full-pitch  coils,  and  the 
slight  increase  in  the  value  of  k  for  low  values  of  q  need  not 
be  considered  here. 

With  a  sinusoidal  flux  distribution,  we  have  from 
Equation  (14) — 

S_"' f  =  2  T  I' L  lo-"  B, /„„  sin  e, 

where  the  winding  factor/,  is  now  equal  to  the  distribution 
factor /,„,. 

Therefore  (SJ  «)  „a.,.  =  2  T  2  /  r  L  10-'  ^  ^  /„„ 

=  3  7r/„„T/<I>IO-^ 
whence  E  = -i=  2  7r/m.T/*  lO"' 

V2 

=  4-44/m,T/*io-«. 

In  this  case  k  =4'44  /mi-  This  has  been  worked  out  for 
different  values  of  the  ratio  S/r,  and  the  results  are  given  in 
Table  5. 

With  a  rectangular  flux  distribution,  as  in  many  salient- 
pole  machines,  we  have  from  Equation  (9)— 

B;,  =  ^  B^  (cos  a  sin  6.  -f  i  cos  3  a  sin  3  0^  -f  .  .  .  j 

=  ^-  -i-^  (cos  a  sin  Q,  ■\ cos  3  a  sin  3  9;.  +  .  .  .) 

ir  0  L  \  3  / 

•Hence  by  inserting  these  values  in  Equation  (14),  we  have— 

8  "t    / 

■  ."2"  e  =  -  T  I'  L  io-»  -j-r-  /m,  cos  a  sin  9 

-l--^^  cos  3  a  sin  39  -I-  .  .  .^ 

whence  the  virtual  pressure  is — 

E  =  — ^  -  T  z^  L  10-8  ^./fm,'  cos'a  4--^°  cos=3  a  -f  . . . 

^2   TT  "  ^  V  9 


.^8_^/2".,rCOSa         ^     ^^^_3 


=  8    J2fm, 


jr —  2  a 
cos  a 


TT —  2  a 
whence  for  a  rectangular  B-curve — 


T/*  10-"  volts, 


*  =  8   J2f„„ 


cos  a 
jr  —  2  a' 


In  Table  6  the  values  of  /;  are  given  for  different  pole- 
arcs  b. 

Similar  calculations  for  non-salient  pole  machines  have 
also  been  made.  With  a  trapezium  B-curve  [Fig.  6(6)], 
the  E.M.F.  coefficient  becomes — 


_  l6s/2 

I-  T— /"I, 


sm  8~ 
'^2 


This  has  been  calculated  for  different  values  of  /3  and  is 
set  out  in  Table  7.     With  the  polar  horn  unslotlcd— 


k  =  2  sj2fn 


sin/3  ■ 


\ 


■+t^'cos/3'^ 


^-?)(-+f.)- 


J-.  2 


The  values  of  k  for  y,ly,  =  1/5,  and  for  different  values  of 
(3,  are  given  in  Table  8.  It  is  quite  a  simple  matter  to 
extend  these  tables  where  necessary. 

An  examination  of  Tables  S  to  8  shows  that,  for  any 
given  value  of  S/r,  k  is  practically  constant,  except  for  the 
rectangle.  This  is,  of  course,  to  be  expected  when  it  is 
recalled  that  only  the  rectangle  departs  appreciably  from 
the  sine  wave.  Except  where  special  investigations  are 
necessary,  it  is  useless  to  attempt  great  refinement  when 
designing  machines,  and  no  sensible  error  is  introduced 
by  taking  a  normal  mean  value  for  the  coefficient  k.  For 
practical  purposes  the  values  given  in  Table  6  are  suffi- 
ciently accurate  for  normal  salient-pole  machines.  For 
non-salient-pole  machines— with  the  polar  horn  either 
slotted  or  unslotted— Table  5  can  replace  Tables  7  and  8 
for  all  practical  purposes. 

It  must  be  remembered  that  in  the  above  expression  for 
E,  T  represents  the  total  number  of  turns  in  series  in  the 
part  of  the  winding  considered,  and  is  only  the  number  of 
turns  per  phase  when  the  phase  electromotive  force  is 
considered.  Also  *  is  the  total  flux  per  pole,  irrespective 
of  the  distribution.  With  non-salient-pole  machines  this 
is  frequently  found  graphically,  especially  when  the  polar 
horn  is  unslotted. 

When  the  coils  are  not  equivalent  to  full-pitch  coils,  as 
for  example  in  double-layer  chord  windings,  the  coil-span 
factor  must  be  introduced.     The  effect,  however,  is  inap- 
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Taulk  7. 
Tn^,um  flitx  DnIributioH  [Fig.  6(6)J. 
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Table  8. 
Polar-horn  UnsloUed  [Fig.  9(6)]  and  yjy,  s  1/5. 
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plus  one-lull.  Actually,  with  Innging,  thcs«  cooditioos 
might  be  reversed. 

The  frequency  of  the  pulsations  due  to  the  treth,  and 
of  Ihc  electromotive  force  ripple  vet  up  thereby,  is  dearly 
equal  to  the  number  of  teeth  parsing  the  pole  per  second, 
that  IS  to  say,  1  tj  times  the  frequency  of  ;  •  A. 

(at  E.M.f.   nppU   Jut  to  vanalton  ot   ;  ,e 

this  electromotive  force  is  due  to  a  change  in  ■  it 

of   the   total   flux,   a  gbncc  at  Fig.    iH  will  i;     _.  a 
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will  be  a  maximum  in  a  coil  occupying  the  position  a-*. 
and  zero  in  the  position  b-h.  That  is,  the  electromotive 
force  ripple  due  to  the  variation  of  the  tlux  reaches  its 
nuximum  when  the  main  pressure  is  zero,  and  is  zero 
when  the  m.i  ..le  is  a  maximum. 

A  careful  i  jti  leads  one  to  expect  that  unless 

the  whole  ni  .  cuit  is  well  laiuinateil  the  change 

in  thf  fl'.!\  c.  vcn-  large,  since  there  will  always 

^  ^  in  the  magnitude  of  the  tlux 

•°  '  .•  currents  and  currents  induced 

in  the  exciting  winding.     Both  experience  and  ex|«crimcnl 

coiihrm  this   view.     Experience   shows   that   in   ocdiiiary 

salient-pole  machines  ripples  are  very  rarely  found  in  the 

pressure  wave  where  it  passes  through  zcicv— • 

where   thcv   would   occur    if    ihe   tlux  wcc  i 

^■alue.     1  n  can  Iv 

a  carefii.  .asuremci.:  .1 
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two  papers  by  Worrall.*  In  these  experiments  flux 
variations  were  certainly  measured  throughout  the  whole 
magnetic  circuit,  but  these  were  very  small  and  quite 
insignificant  compared  with  those  due  to  swinginj^. 
Further,  no  trace  of  a  ripple  is  noticeable  near  the  zero 
of  the  pressure  curves. 

In  normal  machines  the  effect  due  to  variations  in  the 
amount  of  the  flux  can  therefore  be  safely  disregarded,  and 
this  case  need  not  be  investigated  further  here. 

(6)  EJI.F.  ripple  due  to  swinging  of  total  flux. — This 
case  is  of  much  greater  importance,  since  with  laminated 
shoes  there  is  comparatively  little  hindrance  to  the  flux 
swinging.  In  the  worst  case  the  magnitude  of  this  swing 
would  equal  the  flux  of  one  tooth,  and  from  oscillograms  it 


Sin  17^-  sin  \30 
=  -2sin^cos  is^ 

Fig.  iq.— Calculated  Ripple  due  to  Swinging  of  Sinusoidal  Flux 
Curve.    (E.M.F.  induced  in  a  Conductor  or  Full-pitch  Coil.)- 

is  often  found  to  exceed  one-half  of  this  amount.  The 
larger  the  number  of  teeth  per  pole  the  smaller  is  the 
possible  swing. 

The  amount  of  flux-swinging  with  respect  to  a  coil  at 
any  instant  depends  on  the  flux-density  B,  in  which  the 
coil-sides  lie  ;  and  since  the  electromotive  force  due  to 
motion  is  always  proportional  to  B,,  a  pressure  will  be 
set  up  by  the  flux  swinging  across  the  coil  in  the  same 
way  as  a  pressure  is  induced  by  rotation  in  a  steady  flux. 
Thus  the  pressure  induced  in  a  coil  can  be  regarded  as  due 
to  rotation  in  a  steady  iield  with  a  superposed  ripple  due 
to  the  field  swinging,  both  of  these  effects  being  pro- 
portional to  the  flux-density  in  which  the  coil-sides  are 
moving.  If,  for  example,  the  flux  distribution  is  rect- 
angular— that  is,  B,  is  constant  over  the  polar  arc — the 
amount  of  flux-swinging  across  a  coil  will  be  the  same  for 


*  G.  W.  WORRALl.      Magnetic  oscillations  in  alternators. 
I.E.E.,  vol.  39,  p.  2o6,  1907,  and  vol.  40,  p.  413,  1908. 
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all  positions  of  the  coil  under  the  pole.  In  this  case, 
therefore,  the  pressure  wave  of  a  coil  will  exhibit  a  constant 
tooth  ripple.  On  the  other  hand,  if  the  flux  distribution  is 
sinusoidal  the  maximum  ripple  electromotive  force  is  in- 
duced when  the  coil-side  is  under  the  centre  of  the  pole, 
the  position  of  maximum  flux-density,  and  this  will  be  the 
instant  when  the  main  pressure  is  greatest.  Thus  in  this 
case  both  the  main  and  the  tooth  electromotive  forces 
reach   their  maxima  together. 

The  case  of  the  sinusoidal  flux  distribution  can  also  be 
dealt  with  in  a  simple  analytical  manner.  Let  9o  denote 
the  position  of  the  coil  relative  to  the  flux  (which  deter- 
mines the  electromotive  force),  and  e,  :=  w  /  the  position 
relative  to  the  field  system.  Then  9, —  9^  varies  periodically 
with  a  frequency  2  Q  times  that  of  the  fundamental.  This 
variation  can  be  expressed  by  Fourier's  series,  but  since 
the  ripple  electromotive  force  is  small  compared  with  the 
total,  it  may  be  assumed  to  be  sinusoidal  with  the  ampli- 
tude ;;,  whence — 

60  =  0.  — '/sin  2  Q  (6, +  5), 

where  ?  fixes  the  position  or  phase  of  the  ripple. 

Hence  for  the  flux  interlinking  the  coil  we  get — 

*  =  *ma:;.  COS  9^  ==  *m«.  COS  {  9,  —  7(  siu   2Q{9,   +   i)\ 

Oscillograms  seem  to  show  that  this  tooth  ripple  is  sym- 
metrical in  each  half-period  of  the  fundamental.*  This  was 
also  pointed  out  by  Dr.  Howe  in  recent  correspondence 
in  the  Electrician  (June,  1914).  By  making  S  =  o,  this  con- 
dition is  fulfilled,  as  seen  in  Fig.  19.  Moreover,  since  ij  is 
a  small  angle  and  sin  2  Q  0,  cannot  exceed  unity,  we  may- 
write — 

sin  ())  sin  2  Q  6,)  =  ij  sin  2  Q  0, 

and  cos  (q  sin  2  Q  9,)  ^  i. 

By  expanding  and  substituting  these  values,  we  get  for 
the  flux — 

*  =  *max.  (cos  9,  +  r]  sin  9,  sin  2  Q  9,), 

so  that  the  pressure  induced  in  a  coil  of  T^  turns  will  be — 

e  =  —  T,  ^  lo-"  =  T,  <I-„a.,  io-«  (a,  sin  9, 

—  7(  w  cos  9,  sin  2  Q  0,  —  ij  u  2  Q  sin  e,  cos  2  Q  Sj). 

ill. 
dt' 

Since  2  Q  is  large  compared  with  unity,  the  second  term 
in  the  bracket  may  be  neglected,  and  the  electromotive 
force  becomes — 

e  =  w  T,  *„,,.  10-'  (sin  6,  —  ;;  2  Q  sin  6,  cos  2  Q  9.). 

This  shows  that  the  effect  of  swinging  is  to  produce  a 
ripple  of  frequency  2  Q  times  that  of  the  fundamental, 
whilst  its  amplitude  is  proportional  to  the  electromotive 
force.  This  is  shown  in  Fig.  19,  where  the  ripple  appears 
largest  at  the  top  of  the  wave  and  is  zero  when  the  electro- 
motive force  is  zero. 

When  Q  is  a  whole  number,  as  is  usually  the  case  in 
alternators,  2  Q  is  always  even,  consequently  the  tooth 
ripple  is  then  even,  with  the  frequency  of  2  Q  times  that 
of  the  fundamental.  It  is  possible,  however,  to  replace 
this   even    ripple — which    must    not    be    regarded    as    a. 

*  Compare  Fig.  E  on  page  247. 
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hvimMiic.  b«OMN0  lU  MapUlitde  U  \-Mying— by  two  odil 
h^iiiuiiu*  oi  «hc  ofdcf*  JQ  ±  I.  kince— 

—  s  tin  «.  cm  * \,) •. «  ain  (>  tf  -  i)»,  —  sin  (» y  -f  i) •r 
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ic  wave  ciu«>cik  Ihe  datum  line  Ihckc  hafiiionict 
n'      -     ■    (tie   crc»l    they   have  the   tAiiie  m^ii, 
I  iktic   appeaiancc   of  the  tooth  ripple 
111   !.  ie. 

W.  .  .|iHT<1  for  a  »inii>o(d«l  flii«  dt«tritHili<«ii 
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NtlCk. 

-.;iount  of  AuS'»«in|>ing  depends  largely  on   the 

coaklnictioiuU  dctaiU  oi  the  iitachine,  Mich  as  the  number 
ol   Uots  [-ter   pole,   the  ratio  ot   klot-opemng   to   gjp,  the 


Fio 


■  ."iiii«    Tooth   Ripple  due    to   Klux 
pole  Alternator  with  u  Whole 
.,  ^  y     (J  ^  I).     Open  Slot*. 


pi. 


-skewing  of  the  ilots  or  (K>le-!>hocs,  etc.,  and  by  suitable 
design  it  cmn  be  made  fairly  small.  The  comnionest 
method  for  reducing  the  swing  is  to  use  nearly  closed 
slots. 

The  existence  of  the  tooth  ripple  in   the  coil  electro- 
r;  '  ve  force  is  no  proof  that  it  will  exist  in  the  phase  or 
:ial  pressure.     To  find  the  cSect  of  the  tooth  ripple 
ijced  in  a  circuit,  it  is  neccsiary  merely 
,t    pressure   of  the  i    coils  in  each  of 
>livc  force  e  is  induced.     As  shown  in 
:        ,  n,  this  introduces  the   winding  factor 

lor  the  several  harmonics.  Whatever  the  nature  of  the 
liux  distribution  over  the  pole-pitch,  if  the  ticld  system  is 
iK'iinal  and  \)  is  integral,  the  most  important  harmonics 
ol  the  tooth  ripple  will  be  the  same  as  with  a  sinusoidal 
riux  wave— namely,  the  ^^\J — i)th  and  (l  ^ -f  nth.  The 
winding  factors/,^  ^ ,  of  these  harmonics  become  /miq  x  ••■ 


Hut 


/•wC  -  It  ^/■««o  .  o  ±/«M> 


whenQisan  integer,  the  tooth  ripple  occurs 

cssurc  with  the  same  percentage  \°alue  as  in 

cxsure.     This  fact  is  amply  conhrmed  by  expcri- 

:•.  here  illustrated  in  Figs,  xi  and  21,  which  show 

of  the  coil,  phase  and  terminal  pressures 

, limes.     Fig.  30  is  from  a  salient-pole  alter- 

1. .'  :  with  9  open  slots  per  |K)le.  Fig.  ji  is  from  a  3-pole, 
i>uii-salicnt-pole  turbo-alternator  with  34  rotor  and  36  stator 
■>lol» — the  slots  being  semi-closed  on  each  member.   The  last 


the  ctfect  i-f  ■'• 

phase  and  ' 

dttcctiiil  1< 

UlAclrli^    :   :  r.   .i  .^ 


lea 

IB- 


machtoc  wuh  a  whole  number  ul  Uot»  per  pole,  aad 


Flo.   31. — CHciUotfruni    sbuwini;   Combined   Effect   '  : 

H,„.  ,..,.(  V,   .     .  ^^^  Hotor   <i    ■-    ■•     '  ••>' —    »«  .; 

p.  .lor.        Si .  '.»  . 

k.  ..  oscd    Slot-  ,17 

Wound  ;    3   i^>ict.     Rutur    SkiUcd    umltamiy  otx<    Wlaolc 
Hcfiphery. 

which  a  tooth  ripple  exists  in  the  coil  pretture,  thef«  «riU 

be  a  tooth  ripple  of  the  same  percentage  in  the  phase  or 
interlinked  pressure. 
When,  however,  Q  is  fractional,  or  the  slot*  or  pole*  are 

skewed  or  the  poles  are  a  '    :i  a  special            "'   ^  i» 

not  so.     This  is  due  to  t'  .1  the  wi:                    .>rs 

for  the  harmonics  in  '  '^ 

small   with  all  such   ...  ....           .^^ 

explained  on  page  3i(>. 


Fig.  33.— OsciUognuns  showing  Suppr t  irion  of  Tooth  aad  Spao- 


ini:  ■•  - - 
Sa 

pc:  ; 
V  =  3      • 
(Coil  Pre- 


H  all-pitch  Coil  in  this  case.) 


4» 

.;e. 


An  excellent  ex-...,  .^  ^-i  this  is  shown  in  Fig.  33,  where 
Q  is  made  fractional  by  the  use  of  additional  empty  slots 
in  the  stator  periphery.  Instead  of  ooly  having  the 
required  number  of  slots,  namely,  144,  there  were  150. 
T  id  open  slots.     M  '.  ret,  the 

pi  I  !  in  3  conductor   s  .     .  strong 

tootti  1  ..;   that   the   llux    was   swiu^ng. 

In  the  t       ,  'PPle  is  already  reduced,  ovking 

to  the  fact  that  the  electromotive  forces  are  not  ideaucal 
in  phase:  whilst  the  phase  and  terminal  pressures  are 
quite  smooth,  thus  proving  the   bencticial   action  of   tho 
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low  winding  factors  for  the  harmonics  contained  in  the 
tooth  ripple.  In  this  connection,  attention  may  be  drawn 
to  the  fact  tliat  one  is  accustomed  to  find  that  the  pressure 
curves  taken  at  the  slip-rings  of  commutator  wave  windings 
are  quite  smooth — a  fact  due  to  the  fractional  number  of 
slots  per  pole. 

Of  course  there  are  external  methods  of  suppressing  the 
tooth  ripple  from  the  terminal  pressure.  For  example,  a 
method  that  has  found  favour  of  late  years  has  been  the  use 
of  a  resonance  circuit  across  the  terminals  of  the  machine, 
adjusted  to  resound  with  the  frequency  of  the  tooth  ripple  ; 
though  in  most  cases  the  addition  of  one  or  two  extra 
slots  would  certainly  be  a  much  cheaper  and  an  effec- 
tive way  of  preventing  disturbances  in  telephones. 

Comparing  the  tooth  ripple  with  the  spacing  ripple,  it 
has  been  shown  above  that  they  both  make  their  appear- 
ance in  the  pressure  S."'  ^.  chiefly  in  the  form  of  two 
harmonics  of  the  orders  2Q±i.  The  spacing  ripple,  how- 
ever, occurs  with  a  steady  flux,  and  is  due  to  the  selection 
or  retention  of  these  particular  harmonics  and  the  practical 
suppression  of  the  rest,  whilst  its  value  is  comparatively 
small  when  the  (2  Q  ±  i)th  flux  harmonics  are  small,  as 
happens  when  the  number  of  slots  per  pole  and  phase  is 
reasonably  large,  or  when  the  B-curve  is  nicely  rounded 
off.  On  the  other  hand,  the  tooth  ripple  is  caused  by  the 
swinging  to  and  fro  of  the  flux  as  the  teeth  enter  and  leave 
the  field,  and  is  therefore  a  superposed  ripple.  It  is  usually 
far  more  in  evidence  than  the  spacing  ripple. 

From  what  has  been  said  regarding  the  suppression  of 
the  effects  due  to  the  slots  and  teeth,  it  is  obvious  that  in 
general  it  is  possible  to  build  machines  nowadays  in  which 
all  such  effects  are  eliminated  from  the  pressure  wave. 

This  paper  was  written  at  the  City  and  Guilds  (Engineer- 
ing) College,  and  the  authors  desire  to  thank  Professor  T. 
Mather,  F.R.S.,  for  the  close  interest  that  he  has  taken  in 
the  work.  The  drawings  were  made  by  Mr.  J.  W.  Sims, 
to  whom  special  thanks  are  due.  Finally,  grateful  acknow- 
ledgments must  be  made  to  Messrs.  Siemens  Brothers 
Dynamo  Works,  and  to  the  General  Electric  Company  for 
permission  to  reproduce  certain  oscillograms. 


Part  II. 

WINDINGS   AND   THEIR   VECTOR   DIAGRAMS. 

Quantities  that  vary  sinusoidally  can  be  represented  by 
vector  diagrams.  Each  harmonic  has  its  own  diagram, 
and  the  number  of  vectors  will  be  made  equal  to  the 
number  of  coils — not  coil-sides — in  the  circuit.  If  two  or 
more  coils  lie  in  identical  positions  in  thefield,  their  vectors 
will  Ci,incide.  The  length  of  each  vector  in  the  diagram 
for  the  «th  harmonic  represents — 


€„m^.  =  2  Tt  D  L  B„  I0-'  cos  It  - 

2 

=  KB„/,,., 

where  e„miui.  =  amplitude  of  coil  pressure  of  nth  harmonic 
— see  Equation  (5),  and  K  =  2  T<:  u  L  lo"*  =  constant. 

To  draw  the  vector  diagram  for  a  group  of  m  coils  the 
ordinary  clock  diagram  can  be  omitted,  and  the  vector 
polygon  at  once  proceeded  with.    The  resultant  is  then 


easily  determined.  Since  the  angle  between  successive 
vectors  is  \p,  each  vector  in  the  diagram  for  the  fundamental 
will  subtend  the  angle  4/  at  the  centre.  In  tlie  diagram  for 
the  «th  liarmonic,  eacli  vector  subtends  the  angle  n  \p ; 
liencc  tlic  group  of  m  coils  will  subtend  an  angle  m  i^  in  the 
diagram  for  the  fundamental,  and  )n  it  1//  in  the  diagram  for 
the  «th  harmonic. 

If  m\p  =  2Tr,  4  TT,  etc.,  tlie  resultant  of  the  fundamental 
is  zero,  and  also  of  every  harmonic,  since  n  is  an  integer. 
The  m  coils  can  then  be  closed  on  themselves  to  form  an 
endless  winding.  Connections  to  such  windings  are  made 
by  means  of  tappings,  as  in  the  rotary  converter. 

The  potential  difference  between  any  two  coils  in  the 
winding  is  the  distance  between  the  corresponding  points 
in  the  vector  diagram,  and  the  phase  relation  of  this 
pressure  to  the  pressure  in  any  other  part  of  the  winding 
is  at  once  obtained  from  the  diagram. 

The  construction  of  the  vector  diagram  of  the  nth 
harmonic  of  the  electromotive  force  for  a  group  of  in  coils 
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Fig.  23. — Vector  Diagram  of  ;;th  Harmonic  (Group  of  in  Coils). 

displaced  from  one  another  in  the  field  by  the  angle  i^  is 
shown  in  Fig.  23.    From  this  diagram  it  is  seen  that — 


(S>«)„ 


2K 


m^ 


■-f,n„. 


2R 


Thus  the  ratio  of  the  resultant  electromotive  force  to  the 
sum  of  the  individual  electromotive  forces  is  equal  to  the 
distribution  factor  fm„  ;  it  is  seen  how  the  distribution 
factor  takes  the  effect  of  spreading  the  coils  into  account. 

The  instantaneous  value  S™<^«  is  given  by  the  projection 

of  the  resultant  (S,"  f«)max.  on  to  the  zero  line,  that  is— 

Sj«-.  =/mn  nt  fi„max.  sin  11  9 

=fm„fc„  m  K  B„  sin  n  9. 

For  each  of  the  N  different  groups  of  m  coils  there 
will  be  a  similar  diagram,  the  successive  diagrams  being 
displaced  from  one  another  by  the  angle  »x- 

The  group  factor  /n„  is  found  in  the  same  way  as  the 
distribution  factor  /„,„,  and  is  seen  to  have  the  same  form,, 
namely — 

Nx 


(ii,  ^«)ma,.  2 


N(S"^«) 


N  sin  »  - 
2 
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TliM  llw  vectiM  liijL'ijiii  of  J  accuil  i4  the  wiikIhii; 
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Thcgcii'  lU  aitd  dtap.iiii  niuki  now  be  applied 

to  iuiigl»-ia\ci  jiui  (luuMe-Uyer  windiiiKik. 


•  by 
.in». 
^),  the  iiuii>t>cr  o( 
ThctkC  ctjuivalenl 


$.  SlXCLB-iaVIK  WlMilKG*. 

It  w-ill  be  MMimr.'. 
coils  with  the  con»t ' 
where  ^.  i*  the  nearest  inte)>rr  IkIow 
stoU  per  pote,  and  r  >»  t)><^  ^ot  pitch. 
coiU    arc    nude    by    merely   re-arraiifiinK    the   ovcihaiig 
w    ■  '     p>osition  oi  the  conductorii  in  the  field 

.  n  I  i>/  l»irl  n. 

\V.  id  the  cquivalciil  cuiK 

spjii  I  .  as  y  J  =  w.     Wc  then 

get  »  windiii)<  uiiii  lull-pilch  ci^mIv 

It  ^)  III  a  li action,  the  equivaient  coil-span  (J_  •)  =  w  —  t 
U  le&&  than  a  pole-pitch  by  an  amount  equal  to  the  angle 
(  <  >.     The  largest  possible  nuinl>er  at  coils  r«  per  pole-pair 

IS  V?- 

lii  i'  .  11  (or  the  (  .     '  .  ich  vector  subtends 

the  a  lielil  bvl\^  c  coiU,  namely,  the 

:  so  dial  liic  vectors  of  the  \}„  coils 
i!  t  over  the  angle  \J»  >.     llcfore  reaching 

the  coils oi  the  next  pole-pair  the  same  angle  ^„  y  has  to  be 
passred.  This  discontinuity  in  the  diagrams  is  due  to  the  fact 
that  the  vectors  represent  the  electromotive  forces  of  coils 
and  not  of  coil-sides.  If  only  a  part  of  the  \}^  coils  in  each 
pole-pair  are  considered,  eg.  the  coils  q  of  one  pliasc,  the 
angle  covered  is  correspondingly  smaller. 

The  angle  between  successive  vectors  in  the  diagram 
I  is  H  7.     We  now  proceed  to  draw  the 

\i  -.nglc-layer  windings. 

(J  I  H'koU  number  or  iloti  per  pole. — The  author  proposes 
to  start  with  the  standard  case  met  with  in  practice, 
where  the  number  of  slots  per  pole  is  an  integer,  t.e. 
y  =  V>.  =  N,  V-  When  (1  =  i^^  the  positions  of  the  slots 
in  the  field  are  the  same  for  every  pole,  and  the  coils 
can  ty:  replaced  by  full-pitch  coils.  The  coil-span  is 
then  equal  to  w,  and  f=o,  so  that  the  coil-sp:»!i  f.ictor 
■.,=  1.     For  the  ^  IH>lcpairs  there  are /■  idcii!  ins, 

tach    having    m    vecti>rs,   where   m   is   any   1:  ,-    to 

tj,.  If  m  =  \).,  the  vectors  of  each  diagram  lor  the  luuda- 
luental  subtend  the  angle  ^).,7  =  v.  If  m=y  slots  per 
pole  and  phase,  the  vector  diagram  of  the  coils  of  a  phase 

in  each  pole-pair  subtends  an  angle  VT  =  v   >  =  v  ' 

The  group  f.i  \ .  since  S  =  1, 

•■  f.  thert-  Is  no  -ive  diagrams. 

1  V  =  V>  =  an  integer,  there  only  remains  the 
!i  factor — 
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According  <<•  ihr  number  at  ooili  ■  tn  kcnc*  we  ge*  (be 

resultant  1- . 

Kof  the  4  V  ■■'  ""  "*rTnooic»  r— 'v  •'-  ■  ••••  -•"<  •  ••»• 
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Kio.  S4.— Vector  Uiafiram  i4  i»t  and  (iQ  i  Oth  HajiiK«i»i:»  of 
Sinelc-U>'cr  Wiiiiliii)>  wilh  Wbote  Numtirr  U  ShA*  per 
Hole,     y  =  f>.  J  =  30 

The  effect  of  this  has  been  pointed  out  in  the  dtfcusMoa 
on  the  spacing  and  tooth  ripples. 

The  distribution  factors  for  the  1st.  nth,  aod  13th 
harmonics  are  as  follows  : — 


I  phase  of  3-phase  winding  (^ni  =  2)  : 
le..^ 


/-.= 


2  X  2  R  sin  IS* 


sovMi 


I  phase  of  3-phasc  winding  (m  =  3) : 


}e„ 


3  X  2  K  sin  15* 


SOTQ 


3  phases  in  series  of  a  3-phase  winding  ^m  ^41 

.  (2!  «■.)--  _      5  R  sin  to*  .,, 

^-  =     4  r.-^     ^  4  X  »  H  sin  .  3-  =  *»  *« 


I  pliasc  with  all  coils  in  scries  (m  =  61  : 

(i:*'.>«,  jR 


/-.= 


Oe,. 


6  X  3  R  sin  15* 


=  0-644 


It  is  seen  that  these  x'alues  agree  mrith  those  obtaiDcd 
in  Part  I  from — 


■    7 
M  Sin 

J 


When  used  as  a  3-phasc  winding,  where  the  successive 
phases    are   at    1  for  the 

fundamental   is  ..  .>es  can 

be  '   d  III  sLii   u«    III  11 

I  -  of  the  p  identical  can  be 

joined  in  scries  or  in  parallel  ;  il  in  paraUcI,  there  are 
A  =  P  circuits  per  phase. 

A  very  useful  case  for  turbo-alternators  vint*  from  the 
(act  that  the  slots  under  each  fK>le  r  -  .  ■' c  same 
positions  in  the  field.     If  the  vectors  w.  ■  rep<c- 
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sent  the  electromotive  force  of  coil-sides  instead  of  coils, 
then  for  evcrv  vector  on  one  side  of  the  zero  line  tliere 
would  he  a  corresponding  vector  displaced  180°  on  the 
other  side.  B\'  then  choosing  m  or  q  divisible  by  2  and 
arranging  the  overhang  of  the  winding  suitably,  an  equal 
and  opposite  electromotive  force  is  induced  in  each  set 
of  (//2  coils.    The  two  sets  of  5/2  coils  in  a  pole-pair  can 


Fig.  25. — Vector  Diagram  of  Fundamental  of  3-phase  Winding 
with  Whole  Number  of  Slots  per  Pole.     Q  =  6,  g  =  2. 

then  be  placed  in  parallel  by  reversing  one  set,  so  that  in  a 
machine  with  2 />  poles  there  are  2p  parallel  circuits.  In 
this  way,  when  Q  is  an  integer,  it  is  possible  to  get  as  many 
parallel  circuits  as  there  are  poles,  or  A  :=  2/1. 

For  the  third  harmonic  the  vectors  subtend  an   angle 
3y=90°.     Each  vector  is  equal  to— 

^Smax.  =  2  T,  11  L  B3  10-'. 

The  vector  diagrams  for  2,  3,  4,  and  6  coils  in  series  are 
shown   in    Fig.    26.     The   same   diagram    holds    for    the 


Fig.  26. — Vector  Diagram  of  3rd  and  (2  Q  ±  3)th  Harmonics  of 
Single-layer  Winding  with  Whole  Number  of  Slots  per  Pole. 
Q  =  6,  H  y  =  90°. 

(2  Q  ±3)th,  i.e.  the  gth  and  15th,  harmonics.  It  is  seen 
that  for  a  two-thirds  winding  (4  slots  wound  out  of  6)  the 
resultant  1-4  is  zero. 

W  ith  III  =  2,    /,„3  —  -— =  0707 


—  3>    /'"3  — 


3    ^3"!^ 


■■  0-333 


=  4>    /'"3  =  — T-. =  o 


=  6,     /mj  = 


4  ^amsw. 


■  =  0-236. 


It  has  been  seen  that  whenever  the  number  of  slots  per 
pole  is  a  whole  number  the  pressure  wave  is  characterized 
by  ripples,  chiefly  made  up  of  the  (2  Q  +  i)th  harmonics. 
It  is  proposed  now  to  see  how  a  smooth  curve  of  electro- 
motive force  can  be  obtained  by  making  Q  fractional. 

(6)  Fractional  number  of  slots  per  pole. — For  this  purpose 
one  or  more  (empty)  slots  are  added  in  the  periphery.  To 
investigate  the  effect  of  this,  it  will  be  assumed  that  the 
extra  slots  are  placed  round  the  periphery  in  such  a  way 
that  an  exact  number  of  identical  circuits  in  a  phase  is 
obtained,  each  having  N  groups  of  m  coils  per  group,  or 
c  =  N  ?H  coils  in  each  circuit.  Identical  circuits  have 
identical  vector  diagrams. 

Obviously  only  circuits  with  identical  electromotive  forces 
are  suitable  for  parallel  connection,  whilst  the  series 
connection  has  no  such  limitation.  For  placing  identical 
circuits  in  parallel,  the  start  of  each  circuit  must  be  taken 
to  the  one  terminal  and  the  finish  of  each  circuit  to  the 
other  terminal.  For  the  series  connection,  the  finish  of 
one  circuit  is  joined  to  the  start  of  the  next. 

In  order  to  obtain  A  identical  circuits  let — ■ 

2  Q  N  ^  2  Q„  N  +  I  =  an  integer, 

where  N  is  a  whole  number  of  pole-pairs  :  i,  2,  3,  etc. 
(For  example,  if  N  =:  3  and  Qo  =  9,  then  2QN=:i8x3-f-i 
=  55  =  54  wound  slots  +  1  empty  slot.)  Since  the  same 
slot  positions  only  begin  to  recur  after  every  N  pole-pairs, 
the  latter  represent  the  N  different  groups  of  a  circuit. 

This  repetition  must  recur  an  exact  number  of  times,  in 
order  to  obtain  A  identical  circuits  in  the  periphery — it  is 
necessary  to  have,  therefore — 

s/(2  N  Q)  =  A,  a  whole  number, 

or  s=2NQ  A=2NQ„A -I- A. 

But  s  =  2pQ. 

Hence  for  A  complete  repetitions— 

/>  =  N  A  or  pjA  =  N  =  an  integer, 

and  the  total  number  of  slots — 

s  =  2  ^  Qo  +  A. 

The  number  of  slots  in  each  of  the  A  identical  parts  is — 

s/A  =2NQ=:2NQo+  i:=an  integer. 

Thus  the  conditions  for  A  identical  circuits  in  a  single- 

^  s 

layer  winding  are  that  ^   and    —  are  integers,  and  in  the 
A.  A 

periphery  there  must  be  A  empty  slots  equidistant  from 

one  another.     Thus  A  <  />.     The  total  possible  number  of 

coils  in  the  winding  =/)Q„,  and  the  number  of   coils  in 

each   of    the  A  identical   circuits  is  then  p  Qo/A  =  N  Q,,. 

Thus   in   the   whole   periphery   there   are   N  Q„   different 

positions  and  A  like  positions  for  the  coils.     If  there  are 

N^  phases,  then  Qo/N^  coils  belong  to  each  phase  in  each 

of  the  N  pole-pairs  or  groups. 

When   A^=p,   then    N  =:  i.     The    extra   slots    can    be 

omitted,  and   as  already  discussed   in   the   common   case 

when  Q  =  Q„  it  is  also  possible  to  make  A  =  2p.    When 

A  =:  I,    N  =  ^,   so   that    with   one   extra   slot    the  largest 

number  of  positions  for  the  coils  is  obtained. 
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booc«  \i'»\i.+  il(tii), 

or  y.,».-y/(jN). 

Thui  the  •ii|;le  covered  by  Ihe  ^),  coiU  of  each  pole-|>air 

An  equal  ant;le,  but  occupviii)'  a  ditlereni  pukition,  it 
repeated  (or  each  of  Ihe  N  pole-pair*  or  group*  of  a 
>.  n  V ml.  A1m>  the  an^lc  helweeit  Ihe  last  coil  of  one 
P'lr  |v^ir  and  Ihe  iir>t  cuil  of  the  next  in  u  circuit  i» 
«J  >  =  •  —  »/j  N  The  lir»l  pole-pair  or  ({'oi'P  ''•;»rl»  at  o 
'  7  =!  »  —  •j/J  N.  The 
.  -(- \j.  y=  —  ^'NV  Hciiii 
iwcen  llu  of  »ucci  ip»  ist  — y/N. 

The  N  \ .j;rjms  foi  : aiiienlal  can  now  be 

at  once  drawn.     For  the  harmonics,  ny  musil  be  substituted 
for  y.     m  can  have  uny  value  up  to  Q^ 


(a)  /^poU  pair 


( b)  Z'*^J)oU-patr 


KiG 


\ 
V 


'■i. 


:i   uf    Fuiid.uiiciital    uf    Single-layer 
111  Number  i>l  Slut*  per  Pole,    q  =  i; 
,  4  Holes  ;  12  Coils. 


As  an  example,  consider  a  winding  with  only  one  circuit. 
In  this  case  all  the  coils  occupy  different  positions  in  the 
field  and  no  parallel  circuits  are  {x>s:>ible.  This  condition 
exists  when  one  extra  slot  is  placed  in  the  periphery,  i.<r. 
A=i  and  s  =  3^Q^-f  i,  and  forms  probably  the  surest 
■  laining  a  smooth  pressure  wave  with  single-layer 
All  the  p  \J„  coils  now  occupy  dillcrent  positions 
111  liic  lield  and  there  are  as  many  different  diagrams  as 
there  are  pole-pairs,  i.e.  N  =  f. 

Example. — Let  one  extra  slot  be  placed  in  a  4-pole 
machine  with  two  slots  per  pule  and  phase.  Then 
Q.  =  3  X  3  ^  6  for  a  3-phasc  winding  and  1^4x6-4-1  ^25. 

A  =  I.  N  =  ^/A  =  2  and  7  =  18076 J  =  j8-8«. 

The  vector  diagrams  for  Ihe  fundamental  are  shown  in 
P'gs.  27(1!  (and  271^) — oncfor  each  polcpair.  7^).=6x288* 
and  the  angle  between  the  two  diagrams  is — 

-,/N  =  -28-8-/2  =  -i4  4'. 

Each  vector  has  the  length — 

t,m^.  =  2  T,  r  L  B,  10-*  cos  7-2'' 
=  i98T.rLB.  lo-*. 

The  reduction  of  the  harmonics  in  this  case  is  seen  in 
the  first  column  of  Table  9,  and  it  is  noticed  thai  Ihe 
lilh  and  13th  (those  nearest  to  2  ^))  have  no  special  interest 
whatever,  clearly  showing  the  effectiveness  of  this  method 
of  suppreuing  ripplcs. 


111! 

Uver  w 

' Willi   ..i. 
t/A   is  ui    . 
huid  — 

(1)  OMttf^tn  ttnlor.—  l 
Winding  with  N  «^/A  i»- 


-le- 


Then— 


.1  <,).  (  in  a  single-lavcT 
\}.ymmw  —  ttmw—yltS,  UiH«  «  "  f/l  S. 


/m  b  cm  ■  -  a  OM  m 


■  COta 


1  4  N  J  0  N  > 

Now  2  ^>  S'  w  1 Q,  N  -f  I  K  an  odd  integer,  and  u  there- 
fore a  |K>»kiblc  liarinonic  in  the  H  curve.     When  m  m  i  ^  S' 

/.,ys  ^  cos  »/2  ^  o 

so  that  no  harmonic  of  the  order  2  y  N  can  exiu  in  the 
pressure  wave,  even  if  such  exists  in  Ihe  B  cur>e. 

(2|  Diilnbulion  tai.U>r.     The    '      '        -icnt  i  in  Ihe  6eid 
between  successive  loiK  is  the  j,  hence  — 


/-. 


Mi  My  Mr 

Sin  M  sin «    ^         sin « 

*  ~         •'  ~  y~  '  » 

M  sin  n  M  sin  n  ,  , 


MSinn 


(3)  Group    taclor.—TUe   displacement    %    between   suc- 
cessive groups  in  a  single-layer  winding  is  ylS.  hence — 


stn  •■ 


sin  n 


Sin  M 


'.H,  = 


Q» 


Ssin«?      N«n-i^      >'*^"}rOs 


(4)  irin<fi(i^/df for— Thus  when  Q  is  fractional  and  there 
arc  A  identical  circuits,  Ihe  winding  factor  /,  becomes — 


sin  H 


=  COSH 


y » 


sin  m 


ya 

N2O    S     "  !«•*..  I      « 

Msin-^^^       Ssin«j.^,^ 


^'""ga 


2  m  N   .  I      V 

sjn  n  .  i     ,v  - 

S  2  Q  3 

3  m  p  w  , .  A  •• 

sin  n  i  sin  n  K  — 

12  S3 


imp 
A 


A» 

i  3 


A» 

S  3 


where  K  =  2  m  //A. 

In  a  3-phase  winding,  for  the  phase  pressure 

M  =  q  =  i^J\ 

Then— 


-  A   3  ~3A  V^       :p)     3A      3' 


so  that 


Then 


/.-- 


>       3  '^  +  ' 

an  II     ,,  . —  ~ 
3K-H  J. 


Ksin  H 


3K+1   J 
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This  simple  expression  can  now  be  worked  out  for 
common  values  of  p  and  q  by  evaluating  K.  The  values 
thus  obtained  for  the  reduction  factor  /„//,  with  i  and  2 
extra  slots  in  the  peripherj'  are  shown  as  percentages  in 
Table  9,  together  with  the  actual  values  of  the  winding 
factor  /,.  For  the  sake  of  comparison  the  corresponding 
values  for  a  uniformly  distributed  winding  with  S/r  ^  1/3 
are  given.  (When  Q  =  Q„,  ./„  reduces  to  /„,„  by  making 
A  =  2/  or  N  =  1/2 — see  Section  5  §  a.) 

The  effect  of  introducing  extra  slots  is  remarkably  con- 


slots,  2  O  +  I  do  not  represent  possible  values  of  n,  and 
the  values  of  /„  for  the  nearest  whole  numbers  have  no 
special  significance. 

The  question  arises  wliether  it  is  better  to  use  one  or  two 
extra  slots.  Electrically  there  seems  little  to  choose,  but 
mechanically  two  slots  across  a  diameter  have  many 
constructional  advantages.  Two  extra  slots  produce  no 
magnetic  out-of-balance  ;  they  can  be  conveniently  placed 
at  the  joints  in  the  case  of  a  split  shell  ;  with  two  extra 
slots  the  total  number  of  slots  is  even,  which  is  often  more 


Three-phase  Single-layer  Windings  with  Fractional  Number  of  Slots  per  Pole. 
{One  or  Tifo  Extra  (empty)  Slots  in  Periphery.) 

Table  g.— Reduction  Factors  =100  y-for  Phase  Electromotive  Force. 
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stant,  for  in  every  case,  both  in  sign  and  magnitude,  the 
reduction  factor  approaches  that  of  a  uniformly  distributed 
winding.  It  is  seen  that  each  value  of  K  covers  a  number 
of  different  windings. 

Hence  the  pressure  wave  will  be  practically  smooth 
in  any  machine  with  one  or  two  extra  slots  in  the 
periphery. 

This  is  in  marked  contrast  to  the  standard  case  where  Q 
is  an  integer,  for  here  a  pronounced  ripple,  consisting 
mainly  of  harmonics  of  the  orders  2  Q  ±  i,  is  generally 
observed.     When  Q  is  made  fractional,  by  means  of  extra 


convenient  for  the  shop  tools  available  ;  they  also  admit  of 
two  parallel  circuits. 

On  the  other  hand  in  a  low-speed  alternator,  one  extra 
slot  is  quite  satisfactory.  Regarding  a  2-pole  turbo- 
alternator,  in  the  absence  of  experience,  the  author  is  not 
able  to  say  whether  the  out-of-balance  consequent  on  the 
use  of  one  extra  slot  is  permissible. 

The  great  commercial  advantages  arising  from  the 
suppression  of  ripples  in  the  pressure  waves  should  not  be 
under-estimated.  Apart  from  the  importance  of  prevent- 
ing disturbances  due  to  ripples,  by  using  extra  slots  in  the 
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1p T 

(a/Iitmetiimimtrnt 


Fiti.  j».— Vector  Diagram  of  Uniformly-disiribuled  Winding, 
distribution  factor  has  the   general 


It  is  seei 
form  'sec  1 


chord 
arc 


Rsin; 


,  since      = 


_» 


.\i  in  !(ir  .«<hrf  psrti   thrfc  t»   si- 
thai  l^ 
the   aj'. 
given. 

Ill    lt>.i<l.l>'     I   iVrl      U.  ,..<,■..■.      .11     •!..     .    . 
Fig.    >/ 


;  !Hl«  NTT-lJOn 


IB 


»      9   5*jC  »<• 
Hit    V0CD<l-Side» 


X^   , ., 


.^ 


=  o'hi;. 


J*«r4 


<M«  tml  mam 

<4T 


Kic.  j<^— T>-pe*  f'  CoiU  fur  Duublc-Layer  Wiodioct. 
Example  :  4  Coil-Mdc»  pet  SK*«. 
(<•)  BMk  plubj»  -  a,)  cuU-Mic*    tka-fikA  1-4. 


alternately  to  as^st  commutation,  as  tbown  ic  Fig.  n^h). 
When  there  are  only  two  collides  per  slot  and  all  the 
slots  arc  tilled,  the  number  ut  coils.  C,  in  the  winding  is 
equal  to  the  number  of  slots,  t.     With  11  cod-sidcs  per  slot 

(u  s=  3,  4,  (>,  8,  etc.)  and  no  idle  coils,  C  s  -   .    A  coil  may 

have  any  number  of  turns  T,.  In  connecting  up,  the  end 
of  coil  a  is  joined  to  the  start  of  coil  b,  and  the  total 
number  of  joints  or  commutator  bars  is  equal  to  the 
number  of  coils  C  in  the  winding.  The  winding  can  be 
connected  up  in  two  different  ways.      It  j 

and  b  are  under  the  same  pole-pair,  lap  ^  .:c 

obtained  (Fig.  31).  If  they  lie  under  adjacent  pole-pairs, 
wave  connections  (Fig.  33)  result. 

The  chief  utility  of  the  double-layer  arrangement  is  to 
form  commutator  windings.  When  connections  are  made 
to  a  winding  by  means  of  a  sliding  contact  in  the  form  of 

r,    the 
!i  .^nv 


fixed    bru>hcs    rubbing    on   a   moving 
essential  condition  is  to  maintain  the  cir<. 
two  brushes  as  constant  a>  fK>>^l 

This   condition   is   satistied    in    ;  x 

cominulalor  to  a  winding  that  is  spread  over  tlie  whole 
periphery  and  is  closed  on  itself.  The  double-layer  wind- 
ing is  admirably  adapted  for  forming  the  uniform  distri- 
bution of  the  coils  over  the  periphery,  while  the  self-closing 
is  effected  by  obeying  simple  winding  rules. 

I;.  of    rol.i   .  , 

wil  mcrr*   :<  i.- 

coniicci 

form  ol  ., 

mutator.     Wlicn  there   is  only  one   turn    per  c 

tappings  can  be  conveniently  taken  off  the  b^..  ^  ...c 
armature. 

l>oublc-hycr  windings  without  a  «.  '  :> 

frequently  used  in  alternators  and  iiui  ! 
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of  single-layer  windings,  on  account  of  their  mechanical 
and  electrical  advantages.  For  this  purpose,  open  double- 
laver  windings  witli  wave  connections  are  almost  invariably 
employed.  From  a  mechanical  point  of  view  it  is  imma- 
terial whether  such  open  windings  are  wound  according 
to  the  closing  rules  of  commutator  windings  or  not  ;  but, 
electrical!}',  there  is  a  marked  difference — see  under  (b). 
The  coil-span  jr  +  t  =  Q,  y  can  be  made  greater  than,  equal 
to,  or  less  than  a  pole-pitch,  according  as  the  number  of 
slots  Q,  is  greater  than,  equal  to,  or  less  than  Q.  Standard 
practice  is  to  make  the  coils  span  as  nearly  as  possible  a 
full  pitch — if  e  cannot  be  made  zero,  it  is  usually  made 
negative. 

(ii)  Closed  double-layer  windings  (com)ntitaior  windings). — ■ 
The  chief  interest  here  is  the  pressure  at  the  slip-rings 
and  not  at  the  commutator.  The  author  proposes  first 
to  consider  the  vector  diagram  for  the  fundamental  of  the 
induced  electromotive  force,  and  then  to  show  how  this 
simple  diagram  enables  the  double-layer  winding  to  be 
clearly  understood. 

It  will  be  recalled  that  the  vector  diagram  of  a  single- 
layer  winding  is  discontinuous  in  passing  from  one  group 
of  coils  to  another.  With  a  closed  double-layer  winding, 
however,  this  is  not  so,  but  the  vectors  run  on  continu- 
ously from  coil  to  coil,  until  finally  the  first  coil  is  again 
reached  when  the  winding  closes  on  itself.  The  vector 
■diagram  then  consists  of  one  or  more  complete  polygons, 
which  may  or  may  not  be  identical.  If  there  are  two  or 
more  separate,  independent  windings  on  the  armature, 
each  of  which  is  closed  on  itself,  then  each  winding  has 
its  own  vector  diagram. 

First  consider  the  case  where  there  are  two  coil-sides 
per  slot;  then  C  =  s.  In  this  case,  ^,  the  angle  in  the 
field  between  successive  coils  in  the  winding,  is  constant, 
and  each  vector  in  the  diagram  for  the  fundamental  sub- 


(x+n-xy^-vmy^ 


Fig.  30. — Showing  Vectors  and  their  Corresponding 
Commutator  Bars. 


tends  the  angle  i//.  For  the  whole  winding,  the  total  dis- 
placement is  (2i/'),,i^  =  2'  '^  =  5'/'.  In  order  that  the 
winding  may  close  on  itself,  it  is  necessary  to  have  in 
the  diagram  s-^:=a2n,  where  a  =  i,  2,  3,  etc.,  and  re- 
presents the  number  of  polygons  in  the  vector  diagram. 
If  sla  =  2  jr/i//  is  a  whole  number,  each  polygon    has   the 


same  number  of  sides  and  all  the  polygons  coincide.  If 
s  is  not  exactly  divisible  by  a,  this  is  not  so. 

In  the  diagrams  for  the  harmonics,  ;;  \p  must  be  sub- 
stituted for  \^.  These  diagrams  are  also  closed,  since  n  is 
an  integer,  but  they  offer  no  special  interest,  so  that  they 
need  not  be  dealt  with  further  here.  On  the  other  hand, 
the  method  of  constructing  the  vector  diagram  for  the 
fundamental  allows  it  to  be  used  for  studying  the  circuits 
in  a  closed  winding. 

(i)  Number  of  circuits  in  a  closed  winding. — Starting 
from  o  in  the  vector  diagram,  the  electromotive  force  con- 
tinues to  increase  as  vectors  are  added  until  2  i//^  vr,  when 
it  reaches  a  maximum  (see  Fig.  30).  Beyond  ir  the  vectors 
change  in  direction,  and  the  pressure  falls  until  it  becomes 
zero  wlien  2 1^  =  2  n-.  If  then  the  coils  corresponding  with 
the  vectors  at  o  and  v  are  tapped,  connection  is  made 
with  a  pair  of  circuits  in  the  winding.  Similarly  the 
vectors  between  2  tt  and  4  v  correspond  with  a  second  pair 
of  parallel  circuits,  and  in  general  the  a  polygons  repre- 
sent a  pairs  of  circuits.  Each  tapping  to  the  winding 
makes  connection  with  one  such  pair  of  circuits.  It  is 
seen  that  it  is  more  logical  to  speak  of  pairs  of  circuits 
than  of  circuits  in  a  closed  winding. 

It  can  now  be  seen  on  what  the  value  of  a  depends. 

Since  s-^ :=2  ira, 

where  s  =  2  />  Q  and  Q  y  =  tt, 

therefore,  by  substitution — 

i  /  a        ii 

pyp^ay,  or     -  =  -• 

P       r 
This  simple  relation  shows  clearly  how  many  pairs  of 
circuits   there  are  in  a  closed  commutator   winding  with 
two  coil-sides  per  slot. 


Thus,  if 


a=i,     i  =  'y 
P 


a  =  2,    4'  =  I  r 

P 
a=p,     i//  =  y 

a  =  a,     ip  =  7  r 
P 

Before  applying  this  relation  to  lap  and  wave  windings, 
it  is  necessary  first  to  see  what  are  the  conditions  in  order 
that  the  a  pairs  of  circuits  may  be  identical.  A  winding 
in  which  all  the  a  pairs  of  circuits  are  identical  is  said  to 
be  symmetrical. 

(2)  Symmetrical  closed  windings. — To  load  a  closed  wind- 
ing uniformly,  each  pair  of  circuits  must  be  tapped. 
Hence  each  slip-ring  must  go  to  a  points  in  the  winding. 
Obviously  it  is  only  correct  to  join  points  in  a  closed 
winding  which  have  the  same  potential  at  any  instant. 
Thus  all  the  a  pairs  of  circuits  must  be  made  identical  by 
arranging  them  symmetrically  on  the  armature  so  that 
they  occupy  similar  positions  in  the  field.  Identical  pairs 
of  circuits  have  identical  vector  polygons.  When  s  is 
exactly  divisible  by  a,  the  coils  corresponding  with 
identical  vectors  in  the  diagram  are  equidistant,  i.e.  sja 
bars  apart,  on  the  armature,  sja  =»  =  an  integer,  is 
called  the  equi-potential  pitch.  For  these  a  coils  always 
to  have  the  same  potential,  however,  it  is  further  necessary 
for  them  to  be  in  like  fields.  To  satisfy  this  requirement, 
the  coils  must  lie  an  exact  number  of  pole-pairs  apart, 
and,  since  the  a  coils  are  equidistant,  this  can  only  occur 
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whm  tlw  iHimbM'  af  pole-pain,  f,  it  eneUy  divitibto  b)  u. 

ijt.  fU  tuuki  be  All  tnte£«r. 

*      •     hjivc  d  !* ■-■'  p«lr«  of  circuit*  ill 

a  : li  Iwti  c>  ^ut,  bulh  >  and  f 

1 

jtrr  klul  uid 

Ibcrc  arv  ou  idle  Ewi>,  t.r.  C  ai  ■  >/i,  the  «ytttiiiclry  u  nul 

C 
up>c<   prutndnl   >^      ,   iriiuin*  exactly   divi»tltlo   by  «. 

Ttic  an|(te  bctwrcn  kuccckkive  coiU  iii  the  licid  i>  iio 
longer  conUanI  when  m  >  >,  but  the  vector  du(^iii 
can    be  di-.  '      i.,   a»    wlicii 

M  a  J.      1  :    III    bji>    i» 

*-- T  -  a" 

The  lu  limit   |<really  the  number  of 

clo»eii ^      :or  pha^  lappings,  but  only  »uch 

will  be  con^dercd   in  thit   paper.     It   i»  true  tlut  iiuuiy 

I- current  machines  haxt  been  built  in  which  »/ii 

.1  .\e  not  been  inte);rr!>,  and  varioU!>  artihcck  have 

1  to   le^acn   the    evil    oi    allowui);   commut^itor 

I  mukr  coiiCiil    with    p.irls   of   the    winding  at 

\ed 
1  ^iicr 

I  >cd  to  adhere  lanctly  to  syiiimeincal 

vv  .    „^ :  an  occa^oiwU  unfivourjbic  price,  this 

.  lice  will  secure  the  best  conditions  for  com- 
niuiaiu>:i  'ticicncy,  and  a  good  reputation. 

Ix)  Sum  .'tgi  IN  J  uinJing. — A  closed  winding 

i:  ■.  ul  unc  or  more  ::  njs.  each 

»..  ;>elf.     The  nuinbei  s  closed 

dc(«cud>  on  the  relation  belMccii  llic  iiuiiibci  of  com- 
tnuUtor  liar«  and  the  di->laiice  between  successive  coils 
coniK  '.licr.  I.e.  between  the  number  of  bars  C  and 

the  Ct r  pitch  v,   measured  in  commutator  bars. 

In  travcTMng  the  whole  winding  of  Cecils,  C^,  bars  are 
pasicd,  since  v,  bars  are  passed  in  traversing  each  coil.  In 
tiuveiMng  C,A  coiU,  or  i,Ath  of  the  winding,  C  vj*  bars 
Let  *  be  the  highest  common  factor  of  C 
.1  -n  r  ,'*  is  an  integer.     Hence   in   passing  C  v./A 

but;  out  i/Ath  of  the  winding,  the  commutator 

IS   tr.i.  .1   exact    number   of    times;    or,   in    other 

words,  the  winding  closes  whenever  C7*  coils  have  been 
traversed.  Thus  if  y,  and  C  have  a  highest  common  factor 
k,  the  whole  winding  has  h  closings  and  there  are  h  separate 
windings  <-..  ° '  each  containing  C/A  coils. 

The  k  \\  .ive  identical  circuits  only  if  the 

<-  are    satisfied.      The    latter    ore 

■  .i>cr  of  closings. 

:   arises   whether  it  is  an  advantage  for  a 

:iding  to  be  singly  closed.    For  the  tappings 

this  IS  immaterial ;   but  for  the  commutator   brushes  the 

singly-closed  winding  seems  to  give  better  results.     When 

there  is  only  one  closing,  the  distribution  of  the  current  in 


tlir     tkllkii 


)    thrlliii; 


■e 


ing  of   I...    . 
culls  as  they 
I  c  vector  n  is 


the  several  ciri.  ' 

brushes  on  thi- 
when  there  arc   . 
dcsijjn    offices 

I  well  as  unsymmcti : 

:  .'Ct  of   the  number 
dugrain  is  illustrated  in  Kxample  2  on  wave  windings 

^^)  I'outiOH   ol  the  pkiiie  tafftngi. — Phase  tappings  are 
irerely  cquipolential  connectors   taken  at  definite   places 


contact  formed  by  the 

trs  less  arbitrary  than 

iidings.     In  many 

..;s    are    prohibited 

:.gS. 

:igs  on   the   vector 


1  li.c  ImI*  uf    )utuUvullc- 


.e  wiodioK, 


Then  vector  i  >■  bar  i. 

Ns    „    I  +(ii  — i)y„ 

■  +  m  —  bar  [i  +  (■  —  i)r.]  +  ■'^• 

In  this  way  the  bar  corresponding  with  any  vector  caa 
be  at  once  located.  There  is  never  any  need  to  draw  lite 
^uol  vector  •.—a  simple  circle  is  all  tlut  is  required,  and 
even  this  can  gciier.Uly  be  omitted  when  the  al>ove  rule  is 
observed. 

Since  each  phase  of  an  V,-phaMr  "ivMem  »ub«e»d»  the 
angle    a  ».'S',    in    cat'  '■^. 

and   a   polygon    (i  »  c 

number  of  coils  belonging  to  a  phase  in  each  p  - 
is  C7<J  \V  This  quotient,  however,  may  or  iiu>  .-l 
be  an  integer.  If  C/d  S,  is  a  whole  number,  all  the 
pluses  are  alike  and  subtend  an  equal  angle  i  »/SV  'o 
tills  Case,  which  is  olwavs  to  be  striven  after,  the  position 
of  the  ■  -re 

merely  >) 

into   tl  S,  equal   parts.       Hence  the   nuiat>cts  -r» 

to  be  tapped  arc  the  same  as  the  numbers  of  ^ ". 

though   the  order   of  the   phases   may  be   i!  J, 

which,  however,  is   immaterial   (see  the  exau., ^p 

and   wave  windings).     If   C/J  N,  is  nol  an   integer,  some 
phases  1  coils  than  ol!  '   >s  coils  are  split) 

and  tlu  -.;e  not  quite  -  d.     In  this  case, 

the  bars  to  U:  lapped  are  easily  luuuU  from  the  diagram 
by  applying  the  above  rule. 

(5)  ^<i^  of  frciiure  waet  in  doubtt-Uy/er  xnndimgi. — 
The  general  shape  of  the  pressure  wave  depends  on  the 
amount  of  the  pole-pitch  over  which  the  phase  extends. 
Herein  lies  the  chief  difference  between  open  and  dosed 
windings.  In  the  open  winding,  each  phase  is  usually 
mode  to  extend  over  and  ii  ^^th  of  each  pole- 

pilch   ami    has    its   own    >:  .  In   the   closed 

w:  the  other  hand,  liic  ptiascs  >  -h 

pi.,  nis    over    2  w;\f   radians    in    i  -;i. 

whilst  every  tapping  serves  as  the  finish  oi  one  phase  and 
the  start  of  the  next 

For  example,  in  a  3-pha.sc  winding  each  phase  extends 
over  60*  in  the  open  winding  and  ix»*  in  the  closed 
winding.  With  uniformly  distribulcil  windings,  the  wind- 
ing factor  of  the  !  'ol  is  then  equal  to  o>>55  for  the 
ope".  \\)iit1i;i<j  .1  ■  vr  the  closed  winiliiis;  Tins 
»|,  !  the  open  wii  .^u 
alt.  „  ,  ^n  the  same  wr  ^■f 
with  a  closed  winding  as  in  a  3-phasc  open  winding  the 
former  must  be  made  6-phasc. 

With   closed   windings  lor    4-  and  6-phasc   pressures. 
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diametral  tappings  are  generally  used,  so  that  S/r  =  i. 
Tlie  output  of  the  machine  is  not  affected  thercbj-,  but  of 
course  tlie  shape  of  the  pressure  wave  is  not  the  same  as 
between  tappings  at  2  tt/N^  radians. 

As  in  single-layer  windings,  the  possibility  of  ripples  in 
the  pressure  curve  will  depend  mainly  on  the  number  of 
slots  per  pole.  It  will  be  seen  that  cases  occur  where  Q 
can  be  an  integer,  whilst  in  numerous  other  cases  this  is 
not  possible. 

Wlien  Q  is  an  integer,  then  for  the  coil-span  factor — 


/e  ^  cos  n-  =  cos  n 


xy 


where  coil-span  tt  ±  c  =:  tt  +  .v  y,  and  .v  :=  o,  1,2,  etc.,  x  is 
made  as  small  as  possible  to  get  approximately  full- 
pitch  coils.  Usually  x  =  o  or  +  i.  If  x  =  o,  i.e.  the  coils 
span  a  full  pitch, /e^_  =  i  for  all  harmonics.  li  x  =  i,  and 
ii  =  2Q±i,  then— 


/ 


M2Q±i)- 


r  _  _ 


:  cos  (2  Q  ±  l)  i   = 


COS-t. 
2 


This  is  approximately  unity  for  all  practical  values  of  y. 
Thus  the  coil-span  factor  has  practically  no  influence  on 
the  harmonics  of  the  order  2  Q  +  i,  when  Q  is  an  integer. 

With  regard  to  the  distribution  factor,  i/'  =  7  when  there 
are   2    coil-sides    per    slot,    so    that,    when   Q  =  Q„  =  an 

integer,  /»(,q„±  ,,  =  ±./;„„  and  f,„,  =  o  (or  '^  =  ?,  as  in 

y     3 

single-layer  windings.  When  there  are  more  than  two 
coil-sides  per  slot,  the  effect  is  practically  the  same,  for 
the  distribution  in  the  field  is  not  altered  if  the  coil-sides 
of  a  winding  with  two  coil-sides  per  slot  are  subdivided. 

Hence  when  Q  is  an  integer  a  double-layer  winding 
behaves  practically  in  the  same  way  as  a  single-layer 
winding  respecting  the  spacing  and  tooth  ripples. 

(6)  Lap  winditigs.— With  lap  connections  the  finish  of 
one  coil  is  joined  to  the  start  of  another— usually  the 
next— under  the  same  pole-pair.  If  there  are  more  than 
two  coil-sides  per  slot,  the  number  of  slots  can  be  increased 
to  C  =  s  ujz  without  affecting  the  position  of  the  commuta- 
tor bars.  The  angles  ^c  and  y,  for  the  increased  number 
of  slots  are  then  constant. 

In  the  lap  winding,  the  angle  a  =  y,y,  between  succes- 
sive coils  on  the  armature  is  equal  to  the  angle  ^z,  between 
the  same  coils  in  the  field,  hence  the  commutator  pitch— 


yc 


a 

''P 


=  1,2, 3,  etc.  [see  Fig.  31(a)  and  (6)]. 

Thus  a  =  \\f,  or  the  number  of  circuits  in  a  lap  winding 
IS  a  multiple  of  the  number  of  poles,  whilst  there  is  no 
restriction  concerning  the  number  of  coils,  etc. 

Measured  in  coil-sides,  y,  =  2  j'^  —y,,  —  yy. 

The  limitations  imposed  by  the  conditions  of  symmetry 
are  very  extensive  with  lap  windings.  Since  ajp  =y,  =  i, 
2,  etc.,  and  p/a  must  be  a  whole  number,  it  is  only  possible 
to  have  a  symmetrical  winding  when  a  =^  or  ;v  =  i,  as  in 
Fig-  31(a).  The  other  condition  becomes  sja^sfp  =  2  Q 
=  an  integer,  that  is,  the  slots  per  pole  must  be  a  whole 
number  or  a  whole  number  -|-  \. 


This  is  important  in  regard  to  the  shape  of  the  pressure 
wave,  for  when  Q  is  an  integer  there  may  be  a  strong 
ripple. 


(a)  (S) 

Fig.  31. — Lap  Windings. 

Example. — As  an  example,  consider  lap  windings  for 
large  6-phase  rotary  converters.  For  pressures  of  460  to 
600  volts  at  the  commutator  and  11  volts  between  bars  as 
a  mean  safe  working  limit,  suitable  values  of  bars  per  pole, 
to  give  the  same  number  of  coils  in  each  phase,  are — 

—  =  42,48,54 
2  p 

y<=— =  84,  96,  108 
P 

:  14,   16,  18 


pN^      6p 
With  eight  coil-sides  per  slot,  i.e.  ujz  =:  4 — 

,    24.  27 
Q  =  iq\,  12,  13  J 
The   position   of   the   phase   tappings  can   be   at   once 
written   down   for   the   above    cases.      Since  ^c=i,    the 


^        s         2C 

2  Q^-=     : 

p       pu 


Fig.  32. — Phase  Tappings  for  6-phase  Lap  Winding. 
84  Commutator  Bars  per  Pole-pair. 

All  pole-pairs  identical— only  one  pole-pair  shown. 

vectors  have  the  same  numbers  as  the  commutator  bars. 
Taking    the     first     case     for     instance,     where    y^  =  84 

and   ^=14,   the   slip-rings   go    to    bars    i,    14-14=:  15. 
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I  <f  i  K  14         -,.  i 

I  45x14a  71.    in     ll>e     »>ru     |»oJe-p«iri     ami     rvcry 

iuccrr  '  -  •  ■■  'i-  pair  i»  llie  Mine  ^»c«  Kig.  3*1 

\V>  to  lite  tiitpe  ot    llir    prvkkure   wavr,  liir 

|.  '  '      '    :     lirfc    ^) »  l».  I  <■ 

I  l>ii>ducc  a  proiiuuiicctl 


in<1c  i^  llilc  ' 


utuiy 

■Jt 


tn   the   oUicf    two   I  a%c»    j\,>   i>   mid.      The    . 
--»•='«.■    I>.>i    jppi uxiiuaicly   iull-pitili    i 
I      It     then     OOk  •  </j  a  cos 

«  ;;i !.  1  —  .■  >^i     liencr  Ihnr  i«  no  (lan(^  ul  lii'>  w. ,.k 

lliou^li  }^)  Ik  odd. 

riiouuli    ■  '^  no!   in-. 

|K-fi!Mrlll.<  l(     l»    Ilk' 

t 
I 
I  t>n  ol  llir  prc»uic  iipple  in  ihe  winding. 

. ...   ^ >hapc  o(  the  prcuure  wave  i>  calcuUtr<l  m 

Ihe  kaiue  way  a*  in  a  Mnjlle-laj-cr  winding. 


!.'<    LANca    f'^r 


.w— H-^ — g/  — 


Kio.  jj.— Wave  Winding. 
In  general,  a  —  3  v  ±  ^,. 


(7)  fl'a9*  wimdimgi. — With  wave  connections,  the  fniish 

o<  one  coil  is  joined  to  the  start  of  another  coil  under  the 

■■-'--       ^  Jain,  take  7.  and  i,,  with  reference  to  the 

^   with  two  cuil-sides  per  slot,  so  that 

-     —  -  f  »,C.     The  anjjle  a  =  v,  y.  between  two 

•  i  -     .■>  on  the  armature  is  equal  to  2  ir  ±  C.  where 

~  the  displacement  between  the  coils  in  the  tield  (see 

»  .-:  n). 

Then 

V  =  *_-'  —  *^_     '—         ''''  —  ^      a_C±<i 

or  ■t<j=/.v.  —  C. 

Thus  in  a  wave  winding,  a  ^  p,   but    the   value  of  C   is 

restricted  by  the  choice  of  ii  and  f. 
In  coil-sides — 

y.  =  *y.=.v,  +  > 

The  use  of  wave  windings  in  practice  is  also  seriously 
limited  by  the  conditions  of  symmetry,  fla  is  always  an 
integer  when  ii  =  1  and  d  =  f . 

The  former  (a  =  1 1  is  the  ordinary  wave  winding  with 
twx>   circuits,   of   which   the   vcclur    diagram   is   a   single 


.;»  with  u 

...ic  «1.     V. 

iiiuU  Imt  nude  41 


II 


'  4 

a 


lemorked  hrr*-  that  the   use  (A  cquip^rnliii 

'■•tf  wave  a  >  I   v*  'c- 

^    lor  as  the  ■  c — by  the 

who  oUaincd   a   patent  for  the   mne. 

uiii    iMit   limit   their   a;-'-''    ••...••■-> ..-i....i.. 

but.  III  the  author's  op 
ence  and  distrust  of  v\ 
circuit*    !■>    due    to    <!• 


V- 
ArnoU 

1  .  ..,  . 

•1- 

AO 

■  'le 
ct 
•.■\ 


ail 
lot.. 


been   found    that    ei|uipotcntial   connectors  can   be  dis- 
f»enM-d  with,  unless  required  as  phase  lappings. 

With  regard  to  the  sliape  of   the  pressure  curve  with 
Commutator  wave  windings — 


C      a      M       s 


'•=«.t>±' 


Now  y.  must  t>e  an  integer,  and  a  <  f  m  a  s>-mmetric»l 
winding  I  the  case  j  =  /  is  excluded,  for  here  the  lap  wind- 
ing is  usedi.  Hence  ui^  must  be  a  fraction,  and  since  « 
is  a  whole  number.  O  must  be  a  fraction.  Thus  there  U 
not  likely  to  be  a  ni  curve  of  a  wTive 

winding,  and   the  w..  led   in  the  same 

wave    as    for    a    unn  This 

property  of   the   wav>  ^ful  ft* 

alternators  where  a  smooth  pressure  curve  is  needed. 

Consider  now  two  examples  showing  how  the  phase 
tappings  can  be  located. 

ExamfU  1.— An  ordinary  3-circuit  wave  winding  for 
four  poles  has  81  commutator  bars.  Find  what  bars  must 
b.  lit  4-phase  pressure. 


C-«-  I      81  ±  I 

r.  =     7-=      7    =40  or  41. 
t 

of  a  single  polygon  with 

81  .      V,. 

(I)  Kof  3-phase  tappings,  N,  =  3.  Then  C;j  S",  = 
81/j  =  37,  so  that  all  the  phases  are  similar,  and  the  vcvfc* 
diagram  is  divided  into  three  equal  parts.  The  bars  to 
be  tapped  correspond  with  the  vectors  1,  1  +37^38, 
I  +  3  X  37  =  <;^.  Obviously  these  same  numbers  alto 
divide  the  i  ■!>« 

bars  to  be  ;  .  ** 
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that  the  order  of  the  phases  on  the  commutator  is  not  the 
same  as  that  in  the  diagram,  but  this  is  immaterial. 

(ii)  With  4-phase  tappings,  N;,  =  4  and  S1/4  is  not  an 
integer.  Hence  some  phases  will  have  more  coils  than 
others.     Two  alternatives  will  be  considered. 

.■l//<rnm//!'c:(n).— Take  j>v  =  4i  and  split  up  the  winding 
into  sections  of  20,  20,  20,  and  21  coils  respectively,  as 
shown  in  Fig.  34((i).  The  bars  to  be  tapped  then  correspond 
with  tlie  vectors  i,  21,  41,  and  61. 

Vector   I  =bar    i, 

„  21=  „  1  +  41X20=  1+10  =  11, 
„  41=  „  11+41x20=11  +  10  =  21, 
„      61=  „    21+41x20  =  21  +  10  =  31, 

(      „        1=   „    31+41  X2i=3i+5i  =  i)- 

It  is  always  advisable  to  include  the  last  line,  which 
serves  as  a  check  on  the  accuracy  of  the  working.  Thus 
the  bars  to  be  tapped  are  i,  11,  21,  and  31. 


|i[®|vector  41  Vector  1  j  <|>{i] 


y#|Vector42  Vector!  |®{i] 


&/  / 


the  vectors  in  the  diagram,  though  possibly  interchanged. 
The  tappings  can  therefore  bo  at  once  written  down- 
Phase      I,  tap  coils  "  =      I,  and  178  =  ;i  +  y,, 

II,       „       «+m      =   60,  and  237  =  (n  +  w) +>-/., 
„      III,      „       »  +  2  >H=  119,  and  296  =  (»  +  2J«)  +  >^. 

The  figures  in  the  first  column  refer  to  bars  in  the  first 
pair  of  circuits,  and  those  in  the  second  column  to  bars  in 
the  second  pair  of  circuits.  It  will  be  noticed  the  latter 
are  found  by  adding  ;>  to  the  numbers  in  the  first  column. 

It  may  be  interesting  to  confirm  these  positions  for  the 
phase  tappings  and  to  see  how  they  are  affected  by  the 
commutator  pitch. 

Let  Vc  =  89.  Then  C  and  >>,  have  no  common  factor  >  i , 
so  that  the  winding  is  singly  closed.  The  diagram  for  this 
case  is  shown  in  Fig.  35(a),  where  for  the  sake  of  clearness 


/'-''  //^ 


Fig.  34.— Phase  Tappings  for  4-phase  Wave  Winding. 
<T  =  I  ;  />  =  2  ;  C  =  81. 

AUernaiive  {b).—T3kQ  y.  =  40  and  split  up  the  winding 
into  groups  of  20,  21,  20,  and  20  coils  respectively.  The 
bars  to  be  tapped  then  correspond  with  vectors  i,  21,  42, 
and  62  [see  Fig.  34(6)]. 

Vector  I  =  bar    i , 

„  21=  „  1+40x20=  1  +  71=72, 
„  42=,,  72+40x21  =  72  +  30  =  21, 
„      62=   „    21+40x20  =  21  +  71  =  11, 

(      „        1=   „    11+40x20=11  +  71  =  1). 

Thus  phases  or  sHp-rings  I,  II,  III,  and  IV  go  to  bars  i, 
72,  21,  and  II  respectively. 

It  is  seen  that  in  both  a  and  b  the  relative  position  of 
the  bars  on  the  commutator  is  practically  the  same. 

Example  2.— An  8-pole  wave  winding  has  4  circuits,  354 
commutator  bars,  and  118  slots.  Find  the  position  of 
3-phase  tappings. 

Commutator  pitch  y,  =  -^  =  '^^^  —  ^  =  88  or  89. 
/>  4 

Symmetry  conditions  pja  ^4/2^2;  s/a  =  1 18/2  =  59  ; 

these  are  whole  numbers.  Also  C  =  s  m/2  =  1 1 8  x  6/2  =  354, 
i.e.  no  idle  coils.  The  winding  is  symmetrical.  Equi- 
potential  pitch  :  ;>  =  Cja  =  354/2  =  177.  There  are  two 
identical  polygons,  each  of  177  sides,  in  the  vector  diagram. 
m  =  Cja  N^  =  177/3  =  59  ;  hence  all  three  phases  are  alike, 
and   the  bars   to  be  tapped   have   the   same  numbers   as 


FlG.  35.— Phase  Tappings  for  3-phase  Wave  Winding. 
«  =  2;/.  =  4;C  =  354- 

the  two  polygons  are  drawn  to  different  scales.     The  bars- 

to  be  tapped  must  correspond  with  the  vectors  i,  60,  119, 

178,  237,  and  2c ' 

Vector 


( 

It  is  seen  that  the  numbers  of  vectors  and  bars  lof 
phases  II  and  III  are  interchanged. 

Let  y^  =  88.  Then  the  highest  common  factor  of  yc  and 
C  is  2;  so  that  each  polygon  closes  on  itself  and  the  winding 
is  doubly  closed.  The  diagram  is  shown  in  Fig.  35(6),  and 
the  vectors  have  the  same  numbers  as  in  Fig.  35(a),  but  the 
corresponding  bars  are  interchanged.    Thus— 


Vector      I  =  Bar 
60  =     " 
119  =     " 

(    ,.  1=     "     119  +  236 


1  ■^  59  X  8 
(236) 
237  +  236 


1  =  237 
-  119- 
=     I) 


t 


Vector  178  =  Bar  178 

237  =    "    178+236    =  00 — ' 


2q6  = 

178  = 


60+236 
296+236 


"296- 
=  178) 
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.>_...,   ..-r.— The  ilotting  isliit. 

I>ut  the  ooil-Mdcs  are 

1  .1  i.L'iiiiiiutati)r  winding.     The 

j/ter  p  coiU  havL-  been  joined 


made  Ml  lw 

coiU  arr  .  1 

taior  w  not. 

(t)   I! 

same  .> 

arranged  \u 

coiU  span  a 

up,  the  from  pitch  i»  itUviched  or  reduced  so  as  to  join  on 

to  the  ituX  ot  the  next  p  coiU,  until  ultimately  P     q  coils 

arc  connected  up.  One  half  of  the  pha^  is  then  com- 
pleted. I'he  other  half  is  joined  up  in  the  same  manner, 
and  put  in  scries  or  parallel  with  the  first  half,  as  needed. 
Thu%  in  a  3-phase  winding  six  terminals  are  obtained, 
u'  '  tetl  star  or  mesh. 

lit,    i/  =  (J'N',,    where    \)  =  y„  =  an 
luteal.     i.>  V  the  wave  ^liape  of  the  p^e^^ure  is 

practicallv  ;  .-  with  a  single-layer  winding  luving 

lies  of  V  and  Q.  Thus  the  ripple  due  to  the 
lannonics  may  be  very  pronounced,  and  this 
-  no  electrical  advantages  over  the  corre- 
igle-layer  winding. 

.'   ioinmuliitor  uitve  ttinJtngi. — If  an  ordinary 
«  at    the   points   wlierc    ^-pliase 

ta.  ■•  phases  arc  made  independent 

ai.  ;cd  can  be  interconnected 

M^-  c   feature   of    this   case    is 

the  absence  oi  the  third  harmonic  from  the  pliasc 
pressure.  The  spread  of  the  winding  when  opened  in 
this  way,  however,  is  not  altered,  and  the  phases  still 
overlap.     On  the  other  hand,  if  the  winding  i-  '  at 

six  points,  so  as  to  divide  it  into  six  parts  as  :  :al 

a^  of  the   wimliiig  ju^t  Ji.M.usM.-d, 

OI  ':nc    i-    i.h':i;iicd,     but    with     Q 

fraci)uit.>l.      liiis  ijM  v  is  due   to   the 

fact  tliat    \.  =  L  f  HK  I  .    oscillograms  in 

Part  I  piovc  ihi-  exwilKiii  :  lined  thereby. 

Sot  only  i»  thiN   ivuidiu^ j^r  making  certain  of 

obuining  a  smooth   pressure   curve,  but    the  designer  i» 

Vol.  .53. 


-' =^'=;«?— 


This  i>  11 
The  V 


ij  coiis  in   5 
«   3<Ka)].    Gent. 


i«>  Vector  dlMgnm 

KiG.  36.— Phase  Connect: 


a*m. 


cor»«iipoodi^  *ajU  mint 

asc  Waw  Winding  opened 


Outside  iiuniK-r-  -    I'  i' ..  '■  -IJi-.    tii-iJc   numbers  —  butt.ini 
coil-sides.     Nu  lji. 

c  .     .7. 

the  inequality  is  not  important  a^  a  rule.     Tlie  wir '■■■■:• 

must  then  be  cut  at  the  joints  corresponding  with  vi. 

I,  14,    i7,   40,   53,  and  06.    The  commutator  pitch    . — 

,^C±._7?±J^^. 

Vector    I  —  joint    1 

..      14=     ■        1  -h  13  X  jo=J3 

..     rj=  ..      13 -fjj  =  45 
••     ¥>=  4S+ii  =  (^ 

■      53  =  .       <^7  -^  3i  =  io 

J.  =^  10  +  'i  =     - 

.U  ■♦-  M  • 

16 
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These  joints  are  marlccd  in  Fig.  36(/'),  where  the  two 
ends  of  each  of  the  three  phases  arc  shown.  In  Fig.  37 
four  different  methods  of  connecting  the  three  phases 
arc  shown,  tlie  most  common  being  that  shown  in  Fig.  36(h), 
which  gives  the  highest  pressure. 

Sometimes  it  is  more  convenient  to  specify  the  coil-sides 
and  their  position  in  the  slots,  instead  of  the  joints  to  be 
opened,  in  the  shop's  instructions.  This  is  also  very  simple. 
Numbering  all  coil-sides  in  the  top  layer  odd  and  the 
corresponding  coil-sides  in  the  bottom  layer  even,  as  in 
Fig.  29,  then  corresponding  with  bar  or  joint  .v,  the 
number  of  the  coil-side  in  the  top  layer  is  (2  .v  —  i)  and  in 
the  bottom  layer  (2.v  — i)  — y^.  This  can  be  seen  from 
Fig-  33.  for— 

Bar  I  goes  to  coil-sides      i        .  and         i  — j\y 
„!+.)■>■     ,,  „        ^+ys       and     i+ys—yy 

=  I  -I-  2yc  and  i  +  ^y^—y^ 
„    -v  .,  .,        (2^ — i)and(2.« — i)— ,V 

Arranging  the  cross  connectors  for  the  two  halves  of 
each  phase  in  series — 


Professor 

SUvanus 

Thorav'son. 


Opened 

Coil-  side 

in 

joint 

top  layer     bottom  layer 

nc 

30?- 1           (2se-\)-yy 

*  I 

I^° I 

I34n 

23 

45 — °^f 

-S.S  0 89        i 

^1        ^ 

45 

04 

' 

67 

133—?!.^ 

108 -1 

10 

iCjO — 19      : 

63 iH^ 

153 ' 

t9 

32 

30 

The  back  pitch  y^  is  taken  as  25.  The  positions  of  these 
coil-sides  in  the  slots  can  be  at  once  written  down  by 
remembering  that  the  coil-side  ti  n  is  the  last  coil-side  in 
slot  n.  Frequently  a  dummy  coil  has  to  be  used  in  the 
ordinary  wave  winding,  and  the  position  of  this  coil  must 
be  borne  in  mind  when  fixing  the  position  of  coil-sides  in 
the  slots.  If  the  idle  coil  is  placed  at  the  end  of  the 
winding,  it  is  often  possible  to  cut  the  winding  at  points 
which  avoid  it  altogether,  by  merely  choosing  the  groups  of 
coils  in  the  vector  diagram  [Fig.  36((j)]  in  the  right  manner. 
In  this  case  the  position  of  the  coil-sides  in  the  slots  can  be 
at  once  determined  without  reference  to  the  idle  coil. 

It  is  hoped  that  these  examples  will  show  the  advantages 
of  the  vector  diagram  for  windings.  Not  only  does  the 
diagram  illustrate  the  pressure  relations  of  the  harmonics, 


but  the  diagram  for  the  fundamental  affords  a  clear  insight 
into  the  circuits  and  thereby  provides  a  much  simpler 
method  of  dealing  with  electrical  problems  than  the 
actual  drawing  of  the  winding,  which  is  both  laborious 
and  complicated. 

Though  outside  the  scope  of  this  paper,  it  might  also  be 
added  that  the  same  simple  method  can  be  adapted  for 
studying  the  effect  of  the  number  and  the  width  of  the 
commutator  brushes  on  the  symmetry  of  the  circuits  of  a 
commutator  winding.  For  tliis  purpose  the  bars  are  laid 
out  in  a  straight  hne  and  numbered  i,  1  -\-  yc,  i  +  2yc,  etc.. 


Fig.  37.— Different  Connections  with  3-phase  Open  Wave 
Winding. 

whilst  the  bars  making  contact  with  the  brushes  are  found 
by  spacing  the  brushes  correctly  on  the  commutator  circle. 
The  circuits  formed  by  the  brushes  can  then  be  traced  out 
at  once  on  the  developed  commutator,  and  the  dissym- 
metry caused  by  omitting  brush  spindles  or  using  un- 
suitable brush-widths  is  made  clear.  Such  a  diagram 
explains  well  the  cause  of  sparking  and  glowing  in  certain 
machines  with  symmetrical  windings. 

The  author  wishes  to  thank  Mr.  ].  W.  Sims  for  great 
assistance  in  preparing  this  paper,  Mr.  S.  Neville  for 
helping  to  draw  up  Table  9,  and  Mr.  C.  C.  Hawkins  for 
friendly  criticism.  The  paper  was  written  at  the  City  and 
Guilds  (Engineering)  College. 


Discussion  before  the  Institution,  14  January,  1915. 


Professor  Silvanus  P.  Thompson  :  Not  only  does  this 
paper  describe  the  present  state  of  the  subject,  but  it  also 
includes  the  authors'  investigations  on  many  exceedingly 
interesting  and  novel  points.  The  authors  begin  quite 
frankly  bj'  stating  that  they  have  not  been  concerned  with 
assigning  priority  in  connection  with  any  one  of  the 
various  points  dealt  with.  When  one  who  is  presenting 
a  subject  finds  that  one  of  his  predecessors  has  already 
thought  of  something  that  he  himself  has  suggested,  he 
ought  to  be  pleased  to  know  how  the  anticipation  of  his 
researches  confirms  their  substantial  importance.  Those 
who  have  thought  our  thoughts  before  us  ought  not  on 
that  account  to  be  underrated  by  us.     We  should  be  glad 


to  confirm  our  own  work  by  that  which  is  already  known.  P:o 
I  do  not  propose  to  touch  on  the  questions  of  priority  or  xho 
history.  No  doubt  in  the  works  of  Pichelmayer  and 
Arnold,  and  of  American  writers  such  as  Adams  and 
Foster,  many  of  these  things  have  been  expounded  in 
various  ways  at  different  times.  It  is  lo  years  ago,  for 
example,  since  at  a  Students'  meeting  of  this  Institution 
Messrs.  Biedermann  and  Sparks'''  gave  an  account  of  the 
way  in  which  the  harmonics  of  an  alternator  could  be  re- 
inforced or  suppressed  by  certain  spacings  of  the  coils  or 
by  a  certain  choice  of  the  breadth  of  pole.  -  One  is  glad 

*  E.    A.   Biedermann    and    J.    B.    Sparks.     E.m.f.    wave-forms. 
journal  I.E.E.,  vol.  35,  p.  493,  1905. 
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Professor 

Sil\*anus 

Tbompson. 


There  arc  luimbers  of  tliem.  There  :ue  five  of  the 
first  kind  alone  on  page  214  and  five  of  the  second 
kind  ;  and  there  are  12  more  of  them  on  page  229.  I 
refer  to  this  because  it  seems  to  me  there  is  a  possi- 
bility of  facilitating  future  labour,  as  well  as  explaining 
what  we  are  already  doing  when  \vc  use  formuht  of 
these  two  kinds.  Mathematicians  are  generally  so  busy 
with  their  own  intellectual  problems  that  they  do  not  con- 
descend to  the  needs  of  us  who  work  with  mathematics 
as  a  tool.  A  great  many  much  more  complicated  expres- 
sions than  those  have  in  time  past  been  simplified  by  the 
mere  device  of  tabulating  values.  We  have  had  tables  of  all 
the  different  functions,  sines,  cosines,  and  tangents  of  angles 
for  several  hundred  years ;  we  have  our  logarithms, 
natural  and  common,  tabulated.  Dr.  Kennelly  has  tabulated 
various  hyperbolic  quantities  for  use  in  cable  and  trans- 
mission work.  Gamma  functions  and  Bessel's  functions 
and  elliptic  functions,  and  spherical  harmonics  have  been 
tabulated  because  the  engineers  and  physicists  wanted 
them  and  could  not  get  on  without  them.  Now  my  sug- 
gestion is  this,  that  we  ought  really  to  give  names  to  these 
new  functions  and  tabulate  them.  We  have  had  to  do  it 
bit  by  bit  in  other  directions.  I  have  been  using  small 
tabulations  for  things  of  this  kind  for  some  time  in  a  very 
imperfect  way  without  having  special  names  for  them.  I 
am  going  to  suggest  to-night — because  I  think  the  authors 
will  be  glad  of  some  kind  of  "  handle  "  for  these  things— 
that  we  should  call  them  by  definite  names.  The  names 
do   not   matter  so  Ion"   as  we   have  a  handle  for  them. 


sin  6  . 


I 


\Vhat  is  the  physical  meaning,  first  of   all,  of 

want  to  suggest  that  its  real  physical  meaning  is  this  : 
Suppose  we  have  a  line  of  a  certain  length,  and  we  stand 
it  up  on  end  and  then  tilt  it  over  through  an  angle  and 
drop  a  plumb  line  down  from  it,  then  the  length  of  that 
plumb  line  divided  by  the  sloping  line  is,  as  we  all  know, 
the  cosine  of  the  angle  between  ;  the  cosine  is  the  measure 
of  the  resolved  height  of  this  tilted-over  line.  If  instead 
■of  having  a  tilted  line  vi^e  have  an  arc  struck  from  some 
centre,  it  also  is  in  a  certain  sense  tilted  over,  although  it 
begins  by  being  straight  ;  and  if  a  plumb  line  is  dropped 
from  it  we  have,  so  to  speak,  between  the  plumb  line  and  the 
curved  arc  a  similar  sort  of  relation.  The  sine  of  8  divided 
by  0  is  this  curvilinear  cosine.  Just  as  we  can  get  the 
resolved  part  of  a  sloping  line  by  multiplying  it  by  the 

amount   it   rakes   over,  so  we  get  the  function  — ~~   by 

u 

dividing  the  length  of  the  plumb  line  by  the  length  round 

the  arc.     That  is  its  physical  meaning,  and  I  propose  to 

call  that  function   by  the  name  of   "  cursine,"  and  write 

•     „     r„,         ,       r        ,  •        sin  11  d 
it  cufsin  9.     1  he  other  function 


n  sin  ( 


which  comes  again 


and  again  in  the  paper,  I  propose  to  call  by  the  name 
"  persine,"  and  write  it  pers„  B-  I  started  tabulating 
these  quantities  j'ears  ago,  and  I  found  only  this  week  that 
my  chief  assistant,  Mr.  J.  K.  Catterson-Smith,  had  been  using 
a  similar  partial  tabulation  of  the  values  of  the  cursine  for 
the  purpose  of  dynamo  design.  In  particular  he  has  found 
that  the  speed  of  running  of  an  alternating-current  com- 
mutator motor  is  always  equal  to  the  synchronous  speed 
multiplied  by  unity  plus  some  constant  times  the 
cursine  of  an  angle,  the  angle  depending  upon  the  way 
that  the  brushes  are  set.     I  could  mention  various  other 


cases — there  are  many,  for  instance,  in  the  geometry  of  Professc 
polygons  and  in  certain  methods  of  harmonic  analysis —  Thumps 
where  a  tabulation  of  these  functions  would  be  extremely 
useful  to  us.  The  Tables  appended  show  a  few  of  the  figures 
of  the  tabulation.  When  we  have  these  functions  properly 
tabulated  considerable  labour  will  be  saved  to  those  who 
are  working  on  these  lines.  Having  given  this  suggestion 
to  the  authors,  I  should  like  to  repeat  my  appreciation  of 
the  value  of  tliis  paper  iii  giving  us  a  rational  and  fairly 
complete  account  of  the  state  of  the  art,  including  their 
own  investigations.  My  only  regret  is  that  the  present 
paper  stops  short  with  the  no-load  conditions.  It  does  not 
deal  with  the  additional  matters  that  come  in  to  distort  the 
curves  of  the  flux  when  the  machine  is  working  at  loads  of 
different  amounts  and  phases.  I  hope  that  the  authors 
will  be  able  to  deal  with  that  on  another  occasion. 

Finally,  nothing  could  emphasize  better  than  a  paper  like 
this  the  very  great  value  to  the  industry  as  a  whole,  and 
to  those  who  are  working  at  the  design  of  machines,  of  the 
invention  which  enables  us  to  see  what  the  ripples  really 
are.  To  M.  Blondel,  who  first  of  all  worked  out  the  idea  of 
the  oscillograph,  and  to  Mr.  Duddell,  to  whom  we  owe 
so  largely  its  realization,  this  paper  must  have  a  most 
extraordinary  interest,  for  it  shows  what  a  useful  tool  an 
oscillograph  is  in  enabling  us  to  gel  at  the  complicated 
facts  that  need  explanation. 

Table  I. 

Values  ofciirsin  9  =  sin  9-^9. 


V 

cursin  (^ 

9 

cursin  it 

0° 

I  0000 

90° 

0-6381 

10° 

0-9949 

100° 

o'5643 

20° 

0-9798 

110° 

0-4895 

30" 

0-9549 

120° 

0-4135 

40" 

0-9207 

130° 

0-3376 

45° 

0-900  ■; 

140° 

0-2631 

SO" 

0-8778 

150° 

0-1910 

60° 

0-8270 

160° 

0-1225 

70° 

0-7691 

170° 

0-0585 

80° 

0-7053 

180= 

0-0000 

Values  of  pers,,  9  ^- 


Table  II. 

cursin  n  9       sin  n  9 


cursin  9 


n  sin  ( 


e 

/I  =  2 

"  =  3 

»  =4 

0° 

I  000 

I -000 

I -000 

10° 

0-984 

0-959 

0-928 

15° 

0-966 

0-909 

0-836 

20° 

0-944 

0-844 

0-721 

30° 

0-867 

0-663 

0-431 

45° 

0-707 

0-333 

0-000 

60° 

0-500 

0-000 

—  0-250 

Mr.  H.  BuRGE  :  The  authors  appear  to  have  arrived  at  Mr.  ii> 
some  valuable  conclusions,  which  I   think,  however,  are 
somewhat  obscured  by  an  excess  of  mathematical  detail. 
One  gathers  that  in  order  to  avoid  ripples  in  windings 
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«r.  waves  appear  side  by  side  at  o  and  two  positive  lialf-waves 

side  by  side  at  3.  For  the  fact  that  the  E.M.F.  wave  can, 
and  at  least  in  some  cases  does  pass  through  zero  in  the 
manner  above  described,  there  is  experimental  evidence. 
In  actual  cases  the  changes  b}'  flux-swing  and  by  flux 
pulsation  are  very  complicated,  and  it  is  difficult  to  isolate 
the  one  entirely  from  tlie  other.  There  are  other  possible 
laws  which  the  speed  variation  of  the  field  might  follow, 
and  further  analysis  may  show  that  they  arc  actually  more 


Fig.  a. 

true  ;  but  my  point  is  that  for  flux-swing  pure  and  simple, 
if  at  one  end  of  the  normal  half-wave  Fig.  19  correctly 
represents  the  facts,  then  it  follows  that  at  the  other  end 
the  last  half  of  a  tooth-period  must  show  an  excess  of 
electromotive  force  and  not  a  deficit.  A  whole  number  of 
tooth  ripples  in  the  half  period  is  then  obtained,  as  required 
by  the  ordinary  theory,  and  in  the  absence  of  this  condition 
I  venture  to  think  that  Fig.  19  cannot  be  held  to  be 
physically  possible. 
Mr.  Everest.  ^^'"-  A.  R.  EVEREST  :  I  should  like  to  class  tills  paper 
with  those  to  which  Professor  Thompson  has  referred, 
particularly  the  excellent  one  by  Foster*  about  two  years 
ago,  and  another  American  paper  by  Comfort  Adams  f 
about  four  years  previously,  which  covered  much  of  the 
ground  'with  which  the  present  authors  deal ;  while  a  paper' 
read  in  England  by  Mr.  M.  B.  Field  |  a  few  years  ago 
dealt  with  the  question  of  the  effect  of  the  teeth  in  intro- 
ducing ripples  in  the  E.M.F.  wave.  To  the  best  of  my 
knowledge  that  was  the  first  demonstration  of  the  princi- 
ples underlying  the  problem  which  has  since  been  worked 
on  by  others.  In  view  of  the  fact  that  these  matters  have 
been  dealt  with  two  or  three  times  previously  by  other 
writers,  I  was  a  little  disappointed  to  find  there  was  no 
information  in  the  paper  regarding  the  relative  practical 
success  of  the  various  methods  adopted  for  accomplishing 
different  purposes.  I  also  regret  that  the  authors  have  left 
the  question  of  the  effect  of  loads  severely  alone.     I  was 

*  W.  J.  Foster.  Potential  waves  of  alternating-current  generators. 
Trotisactioits  of  the  American  Institute  of  Electrical  Engineers,  vol.  32, 
p.  749,  1913. 

t  C.  A.  Adams.  Electromotive  force  wave-shape  in  alternators. 
Transactions  of  the  American  Institute  of  Electrical  Engineers,  vol.  28, 
p.  1053,  1900. 

J  M.  B.  Field.  Study  of  the  phenomenon  of  resonance  in  electric 
circuits  by  the  aid  of  oscillograms,     yournal  I.E.E.,  vol.  32,  p.  647, 1903. 


rather  hoping  to  find  at  least  sometliing  about  the  effect  of  Mr.  Everest 
the  circulating  current  in  a  closed  delta  armature,  which  is 
a  distortion  effect  occurring  without  "  load."  Distortion 
in  the  flux  wave  is  obtained  if  the  machine  is  not  perfect, 
due  to  the  circulating  current  alone,  and  I  should  like  to 
ask  whether  the  authors  cannot  give  us  some  information 
on  that  point.  There  is  one  remark  in  the  paper  which 
I  think  is  very  nicely  put.  The  authors  slate  :  "  Before 
a  liarmonic  can  appear  in  tlie  pressure  curve  it  must  exist 
in  the  flux  curve."  That  divides  the  whole  problem  into 
two  very  broad  parts,  one  of  which  is  the  creation  of 
the  trouble  due  to  irregularities  in  the  wave  of  the  flux 
from  the  rotor,  and  further  distorted,  as  it  may  be,  by  the 
stator  teeth  ;  and  the  other  is  the  elimination  of  the  trouble 
by  modifications  of  the  winding.  I  cannot  quite  agree 
with  the  authors  in  their  remarks  as  to  the  relative  merits 
of  the  drum  type  of  rotor  compared  with  the  salient-pole 
type.  The  type  of  rotor  that  is  used  is  determined  by  a 
number  of  important  principles,  but  the  salient-pole  rotor 
can  be  made  to  give  a  curve  as  near  to  a  perfect  sine  wave 
as  the  drum  type,  and  with  the  same  degree  of  certainty. 
Reference  has  been  made  to  staggering  or  "  diagonaling" 
the  poles  with  a  view  to  eliminating  troubles  which  have 
originated  elsewhere.  That,  I  think,  is  usually  considered 
a  very  undesirable  practice,  at  least  in  large  alternators. 
It  is  done  occasionall}',  but  there  are  means  of  overcoming 
the  difficulty  by  adopting  special  slot  arrangements,  which 
are  usually  considered  preferable.  There  is  one  other 
point  which  the  authors  did  not  mention,  and  to  which 
I  should  like  to  refer,  namely,  the  effect  of  "  amortisseur  " 
slots  in  producing  wave  distortion.  If  the  number  of 
"amortisseur"  slots  in  the  field  bears  a  certain  relation  to, 
or  comes  too  close  to,  the  number  of  slots  in  the  armature, 
troubles  arise  on  that  account.  In  regard  to  harmonics 
being  eliminated  by  the  irregular  slotting  or  irregular 
spacing  of  coils,  this  has  b^een  suggested  several  times,  the 
first  occasion  being,  I  think,  in  1903  or  1904.  Punga  then 
published  in  Germany  an  article  in  which  he  suggested 
that  one  or  two  slots  should  be  left  unwound.  That 
suggestion  is  continually  being  made  ;  but  so  far  as  I 
know,  except  for  highly  special  work,  it  is  not  adopted 
in  practice,  for  the  very  good  reason  that  there  are  commer- 
cial manufacturing  difiiculties  in  applying  it.  Uneven 
spacing  of  the  slots  is  obviously  impossible  on  a  large 
scale  because  all  the  slotting  tools  are  set  scrupulously  for 
regular  spacing.  The  other  alternative,  namely,  winding  1 
with  a  fractional  number  of  slots  per  pole  is  used,  and  that  S-.^.^ 
is  a  very  good  way  of  overcoming  some  of  the  difficulties. 
In  that  connection  I  should  like  to  refer  to  the  table 
on  page  218  giving  the  harmonics  for  3-phase  wind- 
ings with  various  numbers  of  slots  per  pole.  In  the 
first  column,  q  =  2,  that  is  there  are  12  slots  per 
pair  of  poles;  the  second  column  represents  18  slots  ;  the 
third  column,  24  slots  ;  and  the  fourth  column,  30  slots ; 
but  there  are  no  figures  given  for  intermediate  values.  If 
we  apply  the  rule  that  was  first  laid  down,  so  far  as  I  know, 
by  Mr.  M.  B.  Field,  we  shall  find  that  the  frequency  of  the  "" 
harmonics  created  by  the  slots  is  the  number  of  slots  per 
pair  of  poles  plus  or  minus  one.  It  is  interesting  to  see 
what  numbers  of  slots  can  be  used  which  would  make  these 
become  even  numbers,  because  any  number  of  slots  which 
indicates  harmonics  of  even  number  would  give  no  working 
harmonics  at  all.     That  is  found  to  be  the  case  in  practice, 
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the  paper.  It  '  '  '  .:  in  decision  and  coinplcleness. 
Iii^tciil   ol     11.  .:    the    matter   from    fuiulaiiicntal 

>ii,  the  autliufs  are 

•  1  to  silo*  that  this 

le   IS   syuiiiietiical    in    cacii    half-|H:riu<l    uf    the 

I  lol."     Fig.   19  IS  drawn  on  this  a>sumption,  but 

when  reading  the  paper  Dr.  Smith  carried  his  indecision  a 

step  further  and  showed  an  alternative  figure  ♦  with  the 

K>  111  ripple  unsymmetrical,  and  Iraiikly  admitted  that  he 

■    i   on   the   matter.     This    is    j  '      dis- 

;c,  since  the  authors  originall\  ^urc 

111    i^ic    pap<.i    and   only  cd    Ki)>.    19  aiiwt    1   hod 

p<  lilted  out,  and,  :i^   I    \  iivinccd  them,  that  the 

ii)}'k-niust   Ih  ical.     lir.  Smith  is  cvideiillv  still 

1;:  <.loubt,  and  1  ^_ ::om  Mr.  Hawkins'  remarks  that  he 

ihiiiks  thai  the  correct  tagure  has  been  cut  out  aiid  the 
'  •  :  ited.  The  alternator  being  on  open 
symmetrical  about  its  mid-point,  the 
I  Ml-,  wave  uUl  pass  througli  zero  when  the  pole  is 
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iicrcwith.  At  this  moment  the  centre  of  the  pule  is 
exactly  oppi>site  the  centre  of  a  tooth  or  of  a  slot. 
If,  now,  the  pole  is  moved  slightly  cither  to  the  right 
or  to  the  left,  the  change  in  the  flux  through  the 
cotl  will  be  the  uimt  both  in  magnitude  and  direction, 
and    therefore   the    elc^*  >    force   induced    in   the 
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is  not  present  when  the  machine  is  rotated  slowly,  and 
which  would  not  be  shown  by  an  exploring  coil  wound 
round  a  tooth  and  connected  to  a  ballistic  galvanometer  or 
flux-meter,  unless  the  total  flux  per  pole  were  always 
adjusted  to  have  the  same  value.  We  have  therefore  three 
cases :  (i)  The  air-gap  reluctance  is  constant ;  (2)  the 
air-gap  reluctance  fluctuates  and  causes  a  corresponding 
variation  in  the  total  flux  ;  and  (3)  the  air-gap  reluctance 
fluctuates,  but  the  total  flux  is  maintained  practically 
constant  by  induced  currents.  In  the  first  case  ripples 
will  be  produced  with  their  maximum  amplitude  at  the 
peak  of  the  K.M.F.  wave,  as  shown  in  Figs.  19  and  20. 
In  the  second  case,  which  is  very  rare,  ripples  will  be 
produced,  having  their  maximum  amplitude  as  the  E.M.F. 
wave  passes  through  zero.  In  the  third  case,  the  ripples 
will  be  reduced  in  amplitude.  The  reason  of  this  may  be 
seen  from  Fig.  C.  As  the  North  pole  moves  to  the  right 
it  will  introduce  flux  into  the  coil  at  an  irregular  rate  as  the 
pole-tip  passes  successively  teeth  and  slots.  If  the  air-gap 
reluctance  is  constant  the  receding  South  pole  will  remove 
its  flux  in  the  same  irregular  way,  and  will  accentuate  the 
irregularities,  giving  rise  to  pronounced  ripples.  If,  however, 
the  air-gap  reluctance  is  not  constant,  but  the  total  flux 
is  maintained  constant,  then  the  advancing  North  pole 
will  cover  an  extra  tooth  without  uncovering  one  behind 
it,  the  gap  reluctance  will  be  thereby  decreased,  and 
in  order  to  maintain  the  total  flux  constant  the  flux 
per  tooth  will  be  decreased.  Hence  we  have  two  opposing 
tendencies — the  sudden  increase  of  the  flux  through  the 
coil,  due,  first,  to  the  advancing  North  pole  covering  another 
tooth,  and  secondly  to  the  decrease  in  the  flux  per  tooth 
under  the  South  pole,  being  counteracted  to  some  extent 
by  the  decrease  in  the  flux  per  tooth  under  the  North  pole. 
This  will  lead  to  a  reduction  in  the  amplitude  of  the  ripples, 
and  would  appear  to  be  the  most  favourable  condition.  It 
is  to  be  noticed,  however,  that  although  in  the  second  and 
third  cases  the  irregularit)'  in  the  phase  of  the  ripple 
occurs  at  the  peak  of  the  main  wave  and  not  at  its  zero 
point,  yet  in  every  case  the  ripples  are  quite  symmetrical 
with  respect  to  the  main  wave.  In  answer  to  another 
objection  raised  by  Mr.  Hawkins  with  reference  to  Fig.  19, 
it  should  be  pointed  out  that  wherever  the  ripple  has  a 
well-pronounced  frequency,  its  period  is  i/i8th  of  the  funda- 
mental, or  its  frequency  is  18  times  that  of  the  fundamental. 
If  one  attempts  to  determine  the  ripple  frequency  by 
counting  the  number  of  crests  or  waves,  one  is  always  in 
some  uncertainty  at  the  zero  point  of  the  main  wave, 
owing  to  the  peculiar  irregularity  in  the  ripple  at  this  point. 
To  prevent  anybody  being  misled  by  the  arguments  put 
forward  by  Mr.  Hawkins,  which  led  him  to  the  conclusion 
that  Fig.  19  is  physically  impossible,  I  may  point  out  that 
his  whole  argument  is  based  on  the  assumption,  "  if  then 
there  was  excess  of  field  speed  and  of  electromotive  force 
from  ^  to  I,  there  must  also,  etc."  This  assumption  is 
quite  unwarranted  and  is  inconsistent  with  the  symmetry 
of  the  pole  ;  if  he  assumed  that  the  first  half-ripple 
returned  to  the  base  line  at  J  and  that  the  excess  of 
electromotive  force  extended  from  ^  to  |,  he  would  be 
led  to  an  exactly  opposite  but  correct  conclusion.  A 
convenient  and  simple  way  of  studying  tooth  ripples  is 
shown  in  Fig.  D  for  the  case  considered  by  Mr.  Hawkins, 
viz.  3  slots  per  pole  and  such  an  effective  pole  width 
that,  there  is  no  change  in  the  air-gap  reluctance.     If  the 


effect  of  "fringing"  is  neglected,  the  electromotive  force  Dr.  How< 
is  as  shown  at  b,  where  the  dotted  line  is  Mr.  Hawkins' 
"  smoothed-out  wave."     The  difference  between  them  is 


(a)- 


(5) 


(;.) 


Fig.  D. 

(a)  Flux  through  tlie  coil. 

(6)  Electromotive  force  induced  in  the  coil. 

(c)  Ripple  only. 

shown  at  c  and  may  be  called  the  ripple.  Fringing  from 
pole-tips  and.  teeth  will  reduce  the  amplitude  of  the 
ripples  and  round  them  off,  without,  however,  in  any 
way  altering  their  phase  or  destroying  their  symmetry 
with  respect  to  the  E.M.F.  wave, 

Mr.  R.  G.  Jakem.\n  :  The  authors  are  to  be  specially  Mr 
congratulated  on  the  remarkable  way  in  which  their 
calculated  wave-forms  agree  with  the  actual  oscillograms. 
Figs.  7  and  8,  Fig.  9,  and  Figs.  11,  12  and  13  show  this 
agreement  very  clearly.  Fig.  9  seems  to  me  to  be  especi- 
ally interesting ;  it  shows  that,  by  careful  design,  any 
wave-shape  whatever  may  be  obtained  without  difficulty. 
The  authors  inform  us  that  in  the  case  of  a  non-salient-pole 
turbo-alternator  with  the  polar-hump  unslotted,  with  a  flux 
curve  like  that  in  Fig.  9,  the  phase  pressure  will  have  a 
5  per  cent  third  harmonic.  This,  of  course,  is  very  serious 
if  the  neutral  point  is  earthed,  and  I  should  like  to  know 
whether  the  authors  have  any  oscillograms  which  show 
this  harmonic.  Turning  to  Part  II,  the  use  of  extra  empty 
slots  in  order  to  suppress  the  higher  harmonics  seems  to 
give  very  satisfactory  results.  The  advantage  can  be  seen 
at  once  on  comparing  Table  3  on  page  218  with  Table  9  on 
page  230.  The  figures  given  by  the  author,  however,  do 
not  seem  to  be  quite  practical,  since  it  is  impossible  to  put 
one  or  two  extra  slots  in  anything  but  a  single-phase  gene- 
rator. Three-phase  generators  must  have  at  least  three 
extra  slots  and  2-phase  machines  at  least  four,  because 
otherwise   the   phase   pressures   become    shifted    and   no 
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harmonics  slill  do  not  .ippear  in  Ihr  prtNsurc  wave  when 
three  or  four  exti.t  slots  urc  inscrled.  It  iecnjs  lo  me  that 
in  the  case  of  a  ^polr  3-pliase  firnrralor,  with  four  extra 
slots,  the  nunther  uf  slots  per  pole  will  be  an  integer,  and 
the  hitiher  harinona^  mav  -till  be  in  evidence.     On  page 
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Mr.  K.  T.  Chapman  (commmitttsleJ) :  This  paper  cooUiot  < 
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Mr.  a  very  comprehensive  treatment  of  pressure  waves  from 

Chapman.  ^^^^  designer's  point  of  view.  I  was  glad  to  find  that  the 
authors  cnipliasizc  the  importance  of  symmetry  in  the 
design  of  windings.  My  chief  objection  lo  the  vacant- 
slot  method  of  suppressing  the  tooth  and  spacing  ripples 
arises  from  the  dissymmetry  introduced  thereby.  In  the 
case  of  polyphase  alternators  the  presence  of  a  vacant  slot 
causes  the  phase  differences  between  the  electromotive 
forces  of  the  several  phases  to  be  unequal.  The  e.\ample 
on  page  229  represents,  perhaps,  a  somewhat  extreme 
case,  but  the  angles  between  the  three  phases  there  would 
be  115°,  115°,  and  130°.  In  view  of  the  sensitiveness  of 
induction  motors  and  rotary  converters  to  any  inaccuracy 
in  the  supply  pressures,  I  think  it  is  as  well  that  attention 
should  be  drawn  to  this  point,  which  might  be  serious 
in  some  instances.  If  the  number  of  poles  is  not  divisible 
by  three,  the  introduction  of  three '  empty  slots,  placed 
symmetrically,  will  not  produce  this  dissymmetry  in  a 
3-phase  machine.  A  similar  effect  frequently  creeps  in 
with  double-layer  windings.  This  will  not  be  detected 
if  the  vector  polygons  are  built  up  on  the  basis  of  the 
average  value  of  xf/^  as  recommended  by  Dr.  Smith.  Con- 
sider, for  instance,  the  example  on  page  234.  Since  there 
are  eight  coil-sides  per  slot  the  coil  vectors  will  be  in 
groups  of  four  ;  each  group  making  up  one  side  only  of 
the  complete  vector  polygon,  and  as  each  phase  contains 
14  coils  in  series  the  phase  pressure  will  be  represented 
by  a  line  joining  one  corner  of  the  polygon  to  the  middle 
of  the  fourth  side.  The  winding  is  thus  not  truly  6-phase, 
the  angles  between  successive  phases  being  58°  48'  and 
61°  12'  alternately.  If  windings  of  the  type  shown  in 
Fig.  29  (6)  had  been  employed,  the  number  of  sides  in  the 
vector  polygon  would  have  been  doubled  and  the  inequality 
between  the  phase  angles  would  have  been  removed.  In 
the  case  of  wave  windings  the  more  accurate  diagram  will 
usualh'  be  an  irregular  polygon  and  the  phase  vectors 
will  be  more  or  less  inaccurate  in  all  cases  except  those 
of  a  very  limited  class.  Although  small  deviations  may  not 
be  of  serious  importance  in  many  cases,  the  designer  may 
get  into  trouble  through  them  if  he  does  not  foresee 
the  possibility  of  their  occurrence. 
Mr.  Mr.  H.  H.  Broughton   {commuiiicaied) :    The   amount 

roug  on.  ^£  work  that  has  been  done  on  this  subject  (apart  from 
that  to  be  found  in  the  paper)  is  considerable,  and  no 
doubt  the  authors  have  an  extensive  bibliography  at  hand. 
I  am  of  the  opinion  that  such  a  bibliography,  as  an 
appendix  to  the  paper,  would  be  useful  to  other  workers 
in  the  field.  I  take  it  that  a  designer's  object  is  to 
produce  a  machine  which  will  give  a  sinusoidal  wave. 
Close  attention  is  paid  by  designers  to  the  shape  of  the 
slots  and  pole-shoes,  and  encouraging  results  have  been 
obtained  by  skewing  the  latter.  If  the  authors,  in  their 
reply,  v.ould  briefly  set  forth  the  steps  to  be  followed  in 
order  to  secure  a  sinusoidal  wave  I  should  be  obliged 
to  them.  Some  years  ago  Riidenberg  discussed  the 
question  of  suppressing  all  the  more  prominent  harmonics, 
even  in  cases  where  the  flux  distribution  was  extremely 
irregular,  by  a  suitable  distribution  of  the  winding. 
Riidenberg  gave  as  examples  a  number  of  windings  as 
well  as  the  oscillograms  of  the  pressure  waves  obtained 
with  various  flux  distributions.  An  inspection  of  those 
oscillograms  shows  that  many  of  them  are  practically 
sinusoidal,   and   in   some  cases  the  important   harmonics 


are  entirely  eliminated.  I  should  like  to  know  whether  Mr. 
the  authors  have  had  an  opportunity  of  making  tests  on  an  Broughfor 
alternator  wound  in  that  way.  If  they  have  made  such 
tests,  do  the  results  compare  favourably  with  those 
obtained  by  Riidenberg  ?  It  is,  or  it  should  be,  common 
practice  to  specify  the  shape  of  the  pressure  wave  in 
electrical  machinery,  and  in  those  cases  where  it  is  desired 
quickly  to  determine  the  departure  from  a  sinusoidal  wave 
I  think  that  two  no-load  ammeter-voltmeter  readings,  one 
with  a  choking  coil  and  condenser  in  circuit,  and  the 
otlier  with  the  condenser  alone,  would  prove  satisfactory. 
Although  such  a  test  gives  no  idea  as  to  which  harmonics 
are  distorting  the  wave,  it  gives  an  excellent  idea  of  the 
combined  effect  of  the  harmonics,  and  that  is  useful 
information.  I  have  used  the  method  on  several  occasions 
when  no  oscillograph  was  available  to  check  the  purity 
of  the  wave,  and  I  have  found  it  convenient  and  practical. 

Messrs.  S.  F.  Smith  and  R.  S.  H.  Boulding  (//;  reply)  :  Messrs. 
■We  should  like  to  explain  that  the  paper  is  intended  to  Boiidingf 
form  as  far  as  possible  a  complete  and  objective  study  of 
the  whole  problem  within  the  limits  stated.  Though 
questions  of  priority  had  to  be  disregarded,  claims  to 
originality  were  treated  in  the  same  way.  Also  reference 
to  the  work  of  many  of  the  writers  mentioned  by  speakers 
would  have  served  little  purpose,  except  for  comparing 
results  here  and  there. 

The  oscillograms  were  collected  during  several  years  of 
practical  experience,  and  the  results  were  collaborated  and 
worked  out  at  the  City  and  Guilds  (Engineering)  College^ 
in  connection  with  the  post-graduate  course  in  electro- 
magnetic machinery  under  Professor  Mather.  This  is  the 
first  Institution  paper  produced  in  this  course  of  the 
Imperial  College  of  Science  and  Technology,  and  it  is 
hoped  that  further  papers  of  a  similar  nature  will  follow 
in  the  future. 

However  desirable  the  discussion  of  special  windings, 
load  conditions,  and  of  the  other  points  raised  might  be,  it 
was  not  found  possible  to  deal  with  more  than  the  standard 
single-layer  and  double-layer  windings  under  no-load 
conditions,  for  reasons  which  were  clearly  stated  at  the 
outset  of  the  paper.  It  might  be  mentioned  that  load 
conditions  are  now  being  investigated.  Further,  the 
objective  standpoint  maintained  throughout  the  paper 
must  be  emphasized,  and  it  must  not  be  assumed  that  we 
advocate  any  particular  form  of  construction  such  as  the 
salient-pole  or  non-salient-pole  rotor,  or  the  use  of  empty 
or  skewed  slots. 

The  question  of  the  phase  of  the  tooth  ripple  due  to  the 
swinging  of  the  flux  (see  Section  4)  was  intentionally 
left  open  for  discussion.  Originally  Fig.  E  (reproduced 
herewith)  had  been  drawn  for  the  paper,  and  certain 
oscillographic  evidence  appeared  to  confirm  the 
correctness  of  this  diagram.  Later,  however,  the 
correspondence  in  the  Electrician  (referred  to  on  page  224) 
led  us  to  reconsider  the  matter,  and  we  came  to  the 
conclusion  that  Fig.  19  was  more  likely  fo  be  correct, 
both  from  considerations  of  symmetry  and  from  inspec- 
tion of  oscillograms.  Mathematically,  Fig.  19  is  ob- 
tained by  making  ?  =  o,  whilst  for  Fig.  E  5  =  7/4. 
Since,  in  our  opinion,  no  convincing  arguments  on  these 
points  had  been  published,  it  appeared  advisable  therefore 
to  provoke  a  discussion  in  order  that  this  question,  which 
is  not  without  theoretical  interest,  might  be  thrashed  out. 
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THE     MAGNETIZATION    OF     IRON    AT    HIGH     FLUX    DENSITY 
WITH  ALTERNATING  CURRENTS. 


By  J.  S.  Nicholson,  B.Sc,  Associate  Member. 

(Pijj<tr  Jint  received  28  Jiit\\  mid  in  final  form  9  Oclober,  1914  ;  rend  before  tlie  Scottish  Locai,  Section  8  Decewher,  1914.) 


In  the  testing  of  iron  stampings  at  high  flux  densities  by 
means  of  alternating  currents  glcat  difficulty  is  experienced 
in  iTiaintaining  an  eluctromolivc  force  of  sine-wave  form  at 
the  terminals  of  the  magnetizing  winding,  and  in  ensuring 
that  the  electromotive  force  induced  in  the  windings  of  the 
tester  shall  also  be  of  sine-wave  form. 

If  the  induced  electromotive  force  varies  according  to  a 
simple  sine  function  of  the  time,  namely  «=E  sin  2  tt//, 
where  c  =  instantaneous  value  of  the  electromotive  force, 
E  =  maximum  value  of  the  electromotive  force,  and  /:= 
frequency,  then  the  flux  density  in  the  core  of  the  tester  will 
also  vary  according  to  a  simple  sine  function  of  the  time, 
or  B=  B,,..  sin  (2  7r/7 -I- 7r/2),  so  that  B„„  the  maximum 
value  of  the  flux  density,  can  be  obtained  in  the  usual  way 
from  the  induced  electromotive  force,  E,-,  and  the  number 
of  turns,  T,  in  the  secondary  winding,  etc. 
E,  =  4-44T/*,„X  io-« 
=  4-44  T/  B„,  A  X  lo-" 


Therefore 


B„ 


E,-  X  10* 


(1) 


4-44  X  T/A 

and  B„ocE,-  for  a  constant  number  of  turns  and  constant 
frequency.  If,  however,  the  flux  and  therefore  also  the 
induced  electromotive  force  do  hot  vary  in  this  way,  it 
becomes  difficult  to  ascertain,  even  approximately,  the 
value  of  the  maximum  flux  density  in  the  core  corre- 
sponding to  a  particular  value  of  the  induced  electromotive 
force. 

The  author  will  show  in  what  follows  how  at  flux 
densities  with  maximum  values  of  20,000  lines  per  sq.  cm. 
and  upwards  in"Stalloy"  the  flux  in  the  tester  core  was 
approximately  maintained  as  a  snnple  sine  function  of  the 
time. 

Single-phase  Alterxatixg-current  Tester. 
Some  idea  of  the  possible  divergence  of  the  wave-form 
of  induced  electromotive  force  from  the  simple  harmonic 
form,  and  of  the  magnitude  of  the  error  in  B,„  when 
calculated  from  Equation  (i),  ma)'  be  obtained  by  a  study 
of  the  oscillograms  reproduced  in  Fig.  i.  These  were 
obtained  from  a  ring  tester  connected  between  two  lines 
of  a  40  k.v.a.  star-connected  3-phase  alternator  giving  an 
electroinotive  force  of  simple  sine-wave  form  on  open 
circuit.      The    magnetizing    winding    of    the   tester   had 


6  turns  per  cm.  length  of  periphery,  and  the  cross-section 
of  the  core  (Stalloy)  was  7-5  sq.  cm.  Oscillograms  of 
E„  E,-,  and  I  were  taken  when  the  induced  electromotive 
force  in  a  search  coil  of  150  turns  was  197  and  22'5  volts 
at  22'5  cycles  per  second,  corresponding  to  values  of  B„, 
from  Equation  (i)  of  17,500  and  20,000  lines  per  sq.  cm. 
respectively. 

The   equation   for   the   wave  of   induced  electromotive 
force  E,-  is,  however, 

e,-  =JJE,  sin  w/  +J2  E3  sin  3  (w  /  -|-  03) 

-h  ^2  E5  sin  5(w  / -I- 05)4-...     (2) 


where  E,=:  J{E.'  +  E^'  +  E^'  +...)  ;  and  the  equation  to 
the  flux  wave  is 

*  =  *„„  sin  (w  /  +  7r/2)  +  <I>„,3  sin  [3(w  /  4-  Wj)  -f-  7r/2] 

-t-*,„5sin  [5(w/4- 05)  + W2]4-...     (3) 
where 


^mi  = 


E,  X  10^ 


E,  X  10* 


4'44'i7 
and  so  on  ;  and  where 

B, 


*-=4-44T 


;■;   i',,„  = 


Es  X  10^ 


4-44  T  X  5/ 


R      —  '^"" 
""~    A 


* 


'"3   . 

A  ' 


B„ 


*: 


J«13  ^     )     "»is  ^ 

cross-sectional  area  of  the  iron  in  sq.  cm 


-4^->    etc.,    A     being    the 


Fig.  ia.  Fig.  ib. 

Oscillograms  of  e^,  i,  and  e. 

Bj„  (apparent)  =  17,500  and  20,000  lines  per  sq.  cm.  respectivcl}'. 

On  analysing  the  above  curves  of  E.it  will  be  found  that 
<t„,  =  *„„  —  <[>,„3  —  <t^^  for  Figs.  I A  and  ib,  giving  therefore 
the  following  values  for  B„,  (actual)  in  the  Stalloy  cores. 


Bot  apparent 
number 

of  lines  per 
sq.  cm. 

Ej  in 
150  turns.        E,  volts 
Volts 

E3  volts 

E5  volts 
0-62 

0-68 

e.-e, 

E,- 

o'oo6 
0020 

*»,3 

0-035 
0-067 

Correction 

for  Km 
(apparent) 

0-047 
0-093 

B,„  (actual) 
B,n  (apparent) 

B,„  (actual) 

17.500 
20,000 

197              19-58 
225              22-06 

2  04 
4-46 

o-oo6 
0-006 

0-953 

0-907 

16,600 
18,100 
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this  harmonic,  and  (2)  because  it  is,  next  to  the  funda- 
mental, I,,  the  most  important  component.  The  other 
components,  I5,  I;,  etc.,  of  ficquencies  5/,  7/,  etc.,  are  of 
minor  importance. 

A  simple  method  of  isolating  I3  and  of  limiting  the 
magnitude  of  the  electromotive  force,  K3,  necessary  to 
produce  I3  is  illustrated  in  Fig.  4,     The  magnetizing  wind- 
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Fig.  4. — Three  similar  Ring  Testers  each  with  two  Magnetizing 
Windings,  A  and  D,  uniformly  distributed.  The  A  Windings 
are  Star-connected  and  the  D  Windings  Mesh-connected 
and  Short-circuited. 


ings,  A,  are  supplied  with  currents,  Ia,  from  a  star- 
connected  3-phase  alternator  giving  a  sine-wave  electro- 
motive force  on  open  circuit.  The  currents,  Ia,  will  have 
no  third  harmonics,  but  they  will  include  the  5th,  7th,  nth, 
etc.,  harmonics.  The  D  windings,  being  mesh-connected, 
can  only  carry  currents  of  triple  frequency,  or  multiples 
thereof. 

Case  I.  Switch  S,  in  mesh  windings  D,  open.  (Fig.  4.) — 
The  magnetizing  current  has  no  triple  harmonic,  and 
hence  the  flux  in  the  cores  of  the  testers  cannot  varv 
according  to  a  simple  harmonic  law  but  will  have  a  pro- 
nounced third  harmonic.  The  electromotive  force  induced 
in  a  search  coil  on  any  of  the  testers  will  therefore  have 
a  strong  triple  harmonic,  E3,  the  value  of  which  will  be 
one-third  of  the  resultant  electromotive  force  on  open 
mesh. 

The  results  of  a  test  at  22'5  cycles  per  second  with  open- 
circuited  mesh  are  given  in  the  following  table  : — 


this  producing  a  flux  which  isi  very  approximately  of 
simple  harmonic  form.  The  resultant  mesh  voltage,  3  E3, 
becomes  very  small,  since  it  is  now  approximately  equal  to 
^3  X  3  ;'d,  where  lo  is  the  resistance  per  phase  of  the 
windings  1). 


t,  +  t.  =  l 


Fig.  5a. — Oscillograms  when  B^^^  (apparent)  =  17,500. 

Oscillograms  of  Ia,  I3,  I,  E,-  per  phase,  and  E  per  line 
of  3-phase  alternator,  are  given  in  Fig.  5,  and  a  few  of 
the  results  of  a  test  at  22'5  cycles  per  second  are  given 
in  the  table  on  page  251. 


,-^^..=^ 


Fig.  5B. — Oscillograms  when  B^^^  (apparent)  =  21,000.     Connec- 
tions of  Circuit  as  in  Fig.  4  with  Mesh  Sliort-ciicuited. 

For  a  given  flux  densit}',  E,'  is  proportional  to  the  fre- 
quency, whilst  E3  being  proportional  to  I3  (E3  =  I3  x  3  To)  is 
therefore  dependent  on  the  flux  density  and  almost  in- 
dependent of  the  frequency.     At  higher  frequencies,  there- 


E3  =  Er/ies/t/3 

volts 

Ia  amperes 

E3 

Ei 

E3 

E. 

VEf-(-E=-hE.-(-...  =E.. 
volts 

volts 

Remarks 

34-5 

19-2 

4i'S 

287 

0-557 

0-668 

306 

25-9 
19-9 

i6-8 

14-1 

9-54 

■    1875 

6-1 

2S'6 

217 

i7'45 

0  549 
0-545 
o'48o 

0-656 
0-650 
0-547 

See    Fig.    4.      Test    at    22-5 

cycles  per  second, 
Ei,    E3,    etc.      Volts   in    150 

turns  per  phase, 
I A  Amps,  in  6turns  per  cm. 

IO-5 

4'i5 

9'65 

0395 

0-430 

Case  2.  Switch  S,  in  mesh  windings  D,  closed.  {Fig.  4.)  — 
The  resultant  mesh  voltage,  3  E3,  will  now  send  a  cur- 
rent, I3,  of  triple  frequency  round  the  mesh  circuit. 
This  secondary  current,  I3,  and  the  primary  current,  Ia, 
combine  to  give  a  total  magnetizing  current,  i  =  if,  +  ij, 


fore,  the   ratio  E3/E,-  will  become  smaller  and  the  triple 
harmonic  component  in  E,  will  be  negligible. 

The  greatest  drawback  to  measurements  of  the  iron 
losses  with  the  above  connections  (Fig.  4)  is  the  fact  that 
the  copper  losses  in  the  mesh  circuit  soon  greatly  exceed 
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J6S 

«43 
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31, Aim 

30» 

1815 

o-5«i> 

.d- 

1. 

«3l6 

1  l^ 

».5«o 

»03 

•»-3 

o«o5 

»l^ 

o7<i 

19.500 

•336 

Mxk; 

0/105 

r 

1*    Jl.                                       rie* 

SOS 

0*4 

iti.XIO 

7-61 

47» 

06J9 

til  (I  lain*  per  ctn. 

'II   ^  i.i  I  >    I .'  CI  ml  .11 1    null    . '\\  1  i 

.c  iorcc  iiiiil  cunciil.  wc  iiuv 


lu. 
W. 
lulor  11. 

It-  ■ 
Ihii 

cm  ■    'c 

iiul..  1- 

tion  o»   ilic  \Ky  i>\  L- 

Irrmiii^!)  ol  :  .1  single  |  1 

giving  3n  ricclroinotivc  force  ol  the  required  Iroquencv 
and  iiiagnilude.  The  resulting  current,  I,,  is  then  adjusted 
in  magnitude  and  in  pliase  with  reference  to  the  current, 
Ix,  in  the  ktar-coniiectcd  windings  until  the  resultant 
induced  mesh  voltage  is  zero.  uiid.  ne^lectin)>  terms  of 
fre.i  icnsity  in  the  i 

aci  -^    law.      Kxp«.:  , 

the-  :  out  by  the  author  at  intervals 

dui:   ^  and  a   number  of  intere»ting 

results  have  be«n  obtained. 

Details  ol  leiUr  (ores. — Plach  tester  core  consisted  «rf  57 
ring  stampings  of  Stalloy  cut  approximately  to  size  by  the 
maker^.  Tliese  rings  were  clampHrd  in  bundles  and  turned 
inside  and  outude  until  the  mean  perimeter  wa>  ikj  cm 
an '.  i.f   each   ring  wa>    2-5i>  cm.     The 

avi  c    St.illov   with   in>uline   and    scale 

rci:  has   a   gross    weight    of 

^ '•-  -     -- -.  -  -.:    — „-it  of  approximately  5.740 

-    the  insuline  and  the  scale  accounting  for  the 
i-.ii..,  wiv.c  o(  ioo  grammes  per  core. 

The  net  crois-section  of  Stalloy  in  the  core   ^       • 

100  .»  7"f>5 

=  7'5<>  sq.  cm. 


Mean  tliickness  of  each  stamping  = 


.>o 


ohm,  o'i53  ohm,  0181  ohm,  and  o'SJi  ohm  rcspcc- 
•'  •  -  '      and  hence  with  Urge  currents  the  necekaly 
A  ill  be  apparent. 
'■  ■.tied 

with  ,. 

Method  or  Cakkvixg  otrr  the  Testis 
The   single-plias«   supply   wa  obtained   from   a  6-pole 
ring-wound  rotary  converter   which  was  coupled  to  a  2- 


D 


I — ^ 


a 


A  rcpn«cttU 


h'm.  6. 


i  wiiiilhd  «tlk   I   iia>-wa««   curnat.  Iv  *■    tnr'' 
<  aacle-phMc  tUamukm 
uwutfufM.  «rttk  ntto  «  to  Ik*  <*taH  af  Ike 


The  core  ring"  were  bcmnd  firmly  together  with  tape. 

■■  -. — Each  core  was  wound 

\ki'.  ire  34/40  S.W.C.     m.Mk-,. 

"I-  led.    The  mean  sectional  ar< 

''\  ■  "  •  rj  sq.  cm.,  giving  a  space  i.^;...  lui 

till  -  ii-jt  =  0-664. 

-'/  —Four    layers   of    dou!  ' 

ciHi  til  300  turns  per  layer  w\ 


W       W 


iidarT  wiadtack,  !$•  tmmt  ft*  tcma. 


252 


NICHOLSON:   THE   MAGNETIZATION    OF    IRON, 


pole  synchronous  motor  supplied  with  power  from   the 
3-phase  alternator.    The  single-phase  current,  I3,  was  taken 

two  phases  of  the  rotary  converter  with  a  lamp  load,  or 
by    adjusting   a   variable    inductance    in   series   with   the 
transformer,  T.     The  step-down  transformer,  T,  kept  the 
voltage  of  the  rotary  converter  high  and  its  cun-ent  low, 
thereby  reducing  the  armature  reaction  and  maintaining  a 
sine-wave  electromotive  force,  E,,,  at  the  terminals  of  the 
mesh  circuit.     Tile  ratio,  ;;,  of  this  transformer,  T,  varied 
from  5  at  the  highest  satui-ation  to  20  at  the  lower  values 
of  the  saturation. 

19,500 

<--' 

^ 

^ 

1 8,500 
18,000 
IT300 

/ 

^ 

/ 

The  phase  and  magnitude  of  I3  were  correct  when  the 
voltmeter,  V.M.,  and  the  wattmeter,  W3,  each  read  zero. 

/ 

No  difficulty  was  experienced  in  reducing  the  reading  of 
V.M.  (3  E3)  to  less  than  i  volt  with  150  turns  in  each  of  the 

/ 

/ 

mesh  search  coils,  S^,  in  tests  carried,  out  at  a  frequency  of 
22-5  C}'cles  per  second  at  the  highest  degree  of  saturation 
reached.     The  oscillogram  reproduced  in   Fig.   10  shows 
that  this  electromotive  force  was  mainly  of  frequency  9/. 
Wallmder  readings. — Each   wattmeter   had   its   moving 

16300 
16,000 
15,500^ 

from  on 
the  fina 
current, 

/ 

/ 

/ 

system  fitted  with  a  concave  mirror  of  i  metre  radius  of 
curvature.     Means  were  also  provided  for  interchanging 

)    /         100           200           300           400           500 
H 

Fig.  7.— B-H  Curve  for  Stalloy  Core. 

e  of  the  three  phases  of  the  rotary  converter  and 

phase  adjustment  of   I3  relative  to  the  3-phase 

Ia,  was  made  by  loading  sliglitly  the  remaining 

the  two  elements  of  the  2-phase  wattmeter  to  eliminate 
errors  due  to  slightly  different  constants  of  these  elements. 
Tests  were  carried  out  at  22-5  cycles  per  second  and  at 
15  cycles  per  second,  giving  67-5  cycles  per  second  and  45 
cycles  per  second  respectively  for  the  single-phase  alter- 
nator.    All  the  test  results  given  are  for  temperatures  of 
the  Stalloy  cores  of  55°  C.  to  65°  C. 

Results  of  Tests  Carried  Out. 
(a)  At  22"5  cycles  per  second,  W^  being  adjusted  to  read  zero. 


Induced  E.M.F.'s 

1 

Total  iron  losses 
in  cores 

Apparent  value  of  B,„ 
in  cores 

i 

.Actual  value  of  B„, 
in  cores 

B,„  (actual) 
B,i,  (apparent) 

E,-  in  150  turns 

3  E3  in  mesii  of 
3  X  150  turns 

Remarks 

Volts 
24-86 

Volts 

Watts 

56-4. 

Lines  per  sq.  cm. 
22,100 

Lines  per  sq.  cm. 
20,800 

0'94I 

23-68 
22-54 

0-35 
o-is 

50-6 
45' I 

21,050 
20,040 

20,170 
19,440 

0-958 
0-970 

B„,  (apparent). 
For  determina- 
tion of  correc- 

21-43 

0-20 

40-1 

19,050             1 

18,630 

0-978 

tion  factor  for 
B„,  see  p.  255. 

20-3 

020 

37-3 

18,040             ' 

17750 

0984 

(6)  At  15  cycles  per  second,  W^  being  adjusted  to  read  zero. 


Induced  E.M.F.'s 

Total  iron  losses 
in  cores 

Apparent  value  of  B,„ 
in  cores 

Actual  value  of  B,„ 
in  cores 

B,„  (actual) 

E,-  in  150  turns 

3  E3  in  mesh  of 
3  X  ISO  turns 

B,„  (apparent) 

Volts 

i6-S7 

Volts 
0-80 

Watts 
34-5 

Lines  per  sq.  cm. 
22,090 

Lines  per  sq.  cm. 
20,570 

0-931 

1578 

0-50 

31-0 

21,040 

20,030 

0-952 

15-03 

0-20 

27-8 

20,040 

19,340 

0-965 

14-28                             040 

25-7 

19,040 

18,560 

0-975 

13-56 

o-io 

23-85 

18,080 

17740 

0-981 
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17,000        18,600        lesooo        20,000      21000 
3^  (dctuaJ) 

PlO.  8.— Stalloy  Core  Losses. 

hysteresis   losses  plotted   against    B„  are   also   shown    in 
Fig.  8. 

\V,  =  hysteresis  losses  +  eddv  current  losses 
=  ,'V/B,'  +  /}VyB,' 

where   «  and  /)  are  constants,  and   V   is   the   volume   in 
cubic  cm. 


Therefore 


W. 


K  «  -f  6/  if  B.  is  consUnt. 


The  index,  x,  of  B«  in  the  hysteresis  loss  formula  may 
now  be  determined  as  follows  : — 

*i  =  ,VB.', 
log  a  =  log  (,  V)  +  r  log  B» 

A  graph  with  corresponding  \-alucs  of  log  a  as  ordinatcs 
jnd  log  B,  a^.  jbscissx  is  given  in  Fig.  9.  and  for  values  of 

Vol.  53. 


+J4  *:»  4-26  t::;    +a»   +»    <^»  -t^  -t^ 

yia.  y, — Determination  of  the  Hvsleresis  Curflkiefa  and 
the  Index  o<'B_. 


reliance  must  11  c-r,  be  placed  on  the  above  de- 

duction from  tl:<  alts  ;  for  greater  accuracy,  tests 

at    other    and    more    widely    different    fretjuencies    are 
necessary. 

Oscillograms  of  current  and  electromotive  force  taken 
under  the  above  test  con'  oa, 

lOB,  iol.    The  current  cut  ;»e 

currents  1.  ■  .icl>  v>j   !■  .  a 

shunt    the  n    were    i  ;tjc 

o-  strip.      1  ne   degree  of  saturation  attained    is 

s'  the   strongly    peaked    characirr    .1    tKr    !,.ijil 

nugnetiziiig-current  wave. 

DerERMiN'Ariox  ok  thk  Corrcctiov  Pactob  roi  B^ 

The  current, !«,  contains  all  harmonics  of  the  magnetuing 
current  except  the  triple  harmonic  and  multiples  Ihcrcof, 
thus 

i.=  ,^'jl,&in(>./-t-a,)-f  Vsl,  sin  5(«f -f  aj 

+  V»  If  sin  7  (•'  +  •.•-»■•••    (S) 
17 
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whilst  the  single-phase  alternator  current,  Ij,  will  contain 
only  the  triple  harmonics  and  multiples  thereof, 

ij  ^  s/2  I3  sin  3  (k>  /  +  03)  +  J2  I,  sin  9  (u  /  +  a,)  +  ... 
The  total  current  1  =  1,  +  /„ 
:=  y/2  I,  sin  (lu  I  +  a,)  +  J2  I3  sin  3  (w  t  +  a^) 

+  Valjsin  S  ("'  +  «s)+  ••• 

The    oscillograms   in    Fig.    10   show   a   pronounced   fifth 
harmonic  in    Ia,  whilst   I,   is  very  approximately   a   pure 


Fig.  ioa. — 15  Cycles  per  sec.  ;  6^^  =  17,500. 

sine  wave  of  triple  frequencj'.  The  induced  electromotive 
force,  E„  per  phase  of  the  tester  begins  even  at  the  com- 
paratively low  maximum  flux  density  of  17,500  lines  per 
sq.  cm.  (Fig.  ioa)  to  depart  from  the  simple  harmonic 
form,  and  at  21,000  hnes  per  sq.  cm.  (apparent)  a  strongly 
pronounced  fifth  harmonic,  corresponding  to  the  fifth 
harmonic  in   Ia,  is  evident.     In   this   case,    however,    the 


Fig.  loB. — 15  Cycles  per  sec;  B^^^  =  21,000. 

inducea  electromotive  force,  E,-,  has  no  triple-harmonic 
components,  and  consequently  the  equation  to  this  electro- 
motive force  wave  may  be  written 

e.-  =  \/2  E,  sin  u  /  +  J2  E5  sin  S  (w  /  +  i3^) 

+  j2E,siny{,ol  +  f3,)+...     (6) 

giving  for  the  flux  *  interlinked  with  each  search  coil, 
*  =  *,,„  sin  (w  /  +  ,r/2)  +  *5„  sin  {5  (w  t  +  (i^)  +  77/2  [ 

+  *,„,  sin  { 7  (oi  /  +  /3,)  +  7r/2  }  +  ... 


A  large  number  of  oscillograms  of  E,-  were  analysed 
graphically,  and  the  ratios.  E5/E,  and  E,/E„  obtained 
from  the  analyses  arc  plotted  against  B„,  (apparent)  in 
Fig.  II. 


ei  (mesh) 


Fig.  ioc. — 22-5  Cycles  per  sec.  ;  B^^_  =  21,800  ;  c.  (mesh)  is  here 
shown  greatly  magnified.     Connections  as  in  Fig.  6. 


00  4 


IJOOO      iSpOO         19,000       Z0,000       21,000       22,000        23,000 

Bm  (apparent) 

Fig.  II.— Values  of  E^/E,  and  E^/E,  (see  Equation  6) 
obtained  by  Analysis  of  Waves  of  E.. 


Fig.  12. — Analysis  of  the  Wave  of  E.  shown  in  Fig.  loB. 

At  the  maximum  saturation  reached  in  the  Stalloy  cores 
the  ratio,  Ej/E,,  did  not  exceed  o-i6o,  and  hence  the 
maximum  value  of  *s^/*,„,  did  not  exceed  0-160/5  or  0'O3-^. 
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COKKIii. 
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force,  K»  per  ptiaw;.  llu>  correction  lor  a  frequency 
of  JJ'5  cycles  per  iiecond  i>  given  in  the  second  column 
of  the  following  table,  and  the  total  correction  factor  for 
B.  for  a  frequency  of  Ji'5  cycles  per  ^cond  is  also  given 
in  this  table  — 


Wlieil  #  I'l    h  Va: 
♦  «♦.  sill  (■  (  -t 
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1  lu.  13. — Graphi  of  Ifaenetixinc  CurrenU  and  B_  fur  a 
Frequency  of  n-%  Cyvles  per  •cvuod  Cooncctiun*  a«  ia 
Kifi.  O 

With  the  test  connections  as  in  Fig.  6,  where  I,  and  1, 
were    separately    supplied   from   external   source*   to   the 


a.  tactual  1 

ha  (Iffufcal) 
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the  various  harmonics  which  are  also  plotted  in  Fig.  13 
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tester  windings,  and   hence  there  is  a  distortion   of  the 
core  flux  from  the  simple  harmonic  form. 

A  similar  result  was  obtained  for  the  ratio  ljh\  when  the 
test  connections  were  as  shown  in  Fig.  4,  with  the  mesh 
windings  short-circuited,  and  the  testers  were  forced  to 
induce  their  own  triple  harmonics  (see  dotted  line  in 
Fig.  14).  With  these  connections  the  ratio,  Ij/Ia,  decreased 
to  0'575  at  the  highest  saturation,  instead  of  only  falling  to 
0"6i5  as  was  the  case  when  I3  was  supplied  from  an 
external  source.  We  may  therefore  quite  reasonably 
assume  that  if  the  harmonics,  I5  and  I^,  had  also  been 
supplied  from  external  sources,  the  ratios,  I5/I,  and  I,/Ii, 
would  be  increased  at  the  higher  flux  densities  and  would 
become  more  nearly  constant.  Further,  it  is  probable 
that  under  these  circumstances  the  increased  values  of  I5 
and  I-  would  react  on  the  triple  harmonic,  I3,  and  cause  it 
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Fig.  14. — Ratios  of  Higher  Harmonics  of  the  Magnetizing 
Current  to  the  Fundamental  Components  I  or  to  I  for 
a  Frequency  of  22-5  Cycles  per  second,  and  with  Test 
Connections  as  in  Fig.  6. 


and  also  the  ratio,  I3/I,,  to  be  slightly  increased  at  the 
higher  flux  densities. 

The  equation  for  the  magnetizing  current  when  B  varies 
according  to  a  simple  harmonic  law,  B  =  B„,  sin  (w  t  +  57/2) 
would  then  become 

'  =  \/2  I,  I  sin  (w  /  +  a.)  +  83  sin  3  (a>  ^  +  a^ 

+  a5sin5  (<oi  +  a5)  +  a,  sin7{a-/4-a7) +...   [     (8) 

where  a3,  z-,  a,,  etc.,  are  approximately  constants  when 
saturation  is  reached  and  have  the  values  063,  0-25,  c  10 
(approx.),  for  Stalloy. 

The  law  [f^    ^^=Constant)  of  the  ordinary  alternating- 

X^secondary  -^  ° 


current  transformer  seems  therefore  to  extend  also  to 
the  ratios  of  the  various  harmonics  of  the  magnetizing 
current  to  one  anotlier  in  the  case  when  the  induced  flux 
varies  according  to  a  simple  harmonic  law.  The  phase 
angles,  «„  a^,  oj,  etc.,  appear  to  vary  only  sliglitly  within 
the  same  limits  of  flux  density.  Fig.  15  shows  the  analysis 
of  the  current  /  of  Fig.  louinto  its  harmonics,  and  may  be 
taken  as  typical  of  all  the  current  waves  from  the  tests 
carried  out  with  the  connections  shown  in  Fig.  6.  It  will 
be  seen  that  the  peak  in  the  magnetizing  current  is  due 
to  the  approximate  coincidence  of  the  peaks  of  all  the 
various  harmonics. 

In  the  above  investigation  the  aim  has  been  to  obtain  a 
flux  in  the  Stalloy  cores  varying  according  to  a  simple 
harmonic  law,  this  manner  of  variation  being  considered 
ideal.  An  examination  of  the  table  on  page  255  giving 
the  percentage  deviation  of  <J>„,  (actual)  from  *„  (apparent) 


Fig.  15.- 


-Analysis  of  Magnetizing  Currents  shown 
in  Fig.  lOB. 


shows  that  the  principal  source  of  the  deviation  is  the 
fifth-harmonic  component  of  the  flux.  This  harmonic 
would  practically  disappear  if  the  fifth  harmonic  in  the 
magnetizing  current  could  be  short-circuited  in  a  manner 
similar  to  that  of  the  third  harmonic,  I3,  as  in  Fig.  4  when 
the  switch  S  is  closed. 

This  method  being  impossible  with  3-phase  currents  and 
three  testers,  the  next  best  method  is  probably  to  insert 
condensers  and  variable  inductances  between  the  lines  of 
the  3-phase  circuit  in  Fig.  6  and  gradually  to  vary  the 
inductances  until  resonance  with  the  fifth  harmonic  is 
obtained.  Considerable  success  has  already  been  attained 
by  shunting  the  fifth  harmonic  in  this  manner,  the  switch- 
ing in  of  the  resonance  circuit  producing  an  appreciable 
lowering  of  the  peaks  in  the  wave  of  induced  electromotive 
force,  E,-,  per  phase.  Experiments  are  being  carried  out 
with  resonance  circuits  composed  of  60  mfd.  condensers 
in  series  with  variable  inductances  having  Stalloy  cores,, 
but  owing  to  pressure  of  other  work  and  to  misfortunes 
with  the  oscillograph  the  author  is  not  yet  able  to. publish, 
the  results. 
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Proftssor 
BaUy. 


give  a  smooth  curve ;  but  when  the  values  of  log  B  and 
log  "  Hysteresis"  are  plotted,  it  is  found  that  the  logs  also 
give  a  smooth  curve  strongly  convex  to  the  horizontal  axis, 
no  part  of  it  being  straight,  so  that  no  formula  of  the  form 
B"  can  possibly  be  used.     The  logarithmic  values  are  ; — 


B 

LogB 

Log  "Hysteresis" 

20,750 

4'3i7o 

03304 

20,500 

4-3118 

0-3139 

20,000 

4-3010 

0-2718 

19.500 

42900 

0-2330 

1 9,000 

ib,5oo 

4-2788 

0-2041 

4-2672 

0-1790 

18,000 

4-2553 

0-1584 

17.750 

4-2492 

0-1523 

The  hysteresis  values  in  Table  i  are  simply  the  total  loss 
per  cycle  minus  the  eddj'-current  loss  per  cycle,  and  con- 
sequently are  in  joules  for  the  whole  volume  of  iron.  This 
makes  no  difference  in  the  determination  of  the  index  of 
B,  and  it  is  obvious  by  inspection  that  the  relation  of  the 
two  logarithms  is  not  linear.  Hence  I  must  conclude 
either  that  there  is  some  fundamental  error  in  the  author's 
method  which  systematically  affects  the  values,  or  that  at 
and  above  a  flux  density  of  18,000  the  hysteresis  curve 
changes  its  character  altogether  and  in  the  opposite  direc- 
tion to  that  which  is  to  be  expected.  The  latter  conclusion 
requires  more  evidence  before  it  can  be  accepted  as 
probable. 

Mr.  W.  B.  HiRD  :  The  connection  between  the  mathe- 
matical formula  of  the  paper  and  the  physical  facts  which 
they  represent  is  so  familiar  to  the  author  that  he  has  left 
out  a  number  of  steps  of  the  explanation  which  to  many  of 
us  appear  by  no  means  obvious.  I  will  therefore  venture 
to  put  the  facts  of  the  case  in  my  own  words  in  the  hope 
that  this  may  cause  some  members  to  take  an  interest  in 
the  paper  who  might  otherwise  be  frightened  away  by  the 
mathematical  formula  and  the  difficulty  of  interpreting 
them.  Take  any  magnetic  circuit — say  a  ring  of  plates — 
such  as  that  used  by  the  author  and  wound  with  a  primary 
and  a  secondary  circuit.  If  we  can  depend  upon  having 
a  pure  sine  wave  of  primary  current  in  the  tester,  then 
so  long  as  the  magnetic  flux  densities  are  small  and  it  can 
be  assumed  that  the  flux  is  proportional  to  the  current, 
we  also  get  a  sine  curve  for  the  flux  and  a  sine  curve  for 
the  secondary  current.  When,  however,  the  flux  densities 
are  so  high  that  the  flux  is  no  longer  proportional  to  the 
current,  this  fundamental  relation  disappears,  the  flux  at 
the  top  falls  short  of  the  values  proportional  to  the  current 
and  is  therefore  not  of  sine-wave  form,  the  secondary  elec- 
tromotive force  is  no  longer  a  simple  sine  curve,  and  in 
order  to  deal  with  these  curves  mathematically  we  have  to 
resolve  them  into  various  harmonics.  Owing  to  the  sym- 
metry of  the  process  which  requires  that  the  positive  and 
negative  parts  of  the  wave  should  be  similar,  we  can  only 
have  odd  harmonics,  and  therefore  we  have  to  deal  with 
a  wave  consisting  of  a  fundamental,  third,  fifth,  and 
seventh,  etc.,  harmonics.  In  a  very  ingenious  manner  by 
using  a  combination  of  the  properties  of  a  star  and  a  mesh 
connection  in  order  to  climate  the  third  harmonic  and  all 
its  multiples  the  author  is  left  with  only  the  fundamental 


and  the  fifth,  seventh,  etc.,  harmonics.  The  third  harmonic  Mr 
is  of  course  the  more  important,  and  if  it  can  be  assumed 
that  the  fifth,  seventh,  etc.,  can  be  neglected,  the  flux  re- 
maining would  be  a  true  sine  curve.  The  oscillograms 
show  that  there  is  a  very  pronounced  fifth  harmonic  and 
that  this  cannot  be  neglected.  The  only  way  to  get  rid  of 
these  harmonics  is  that  proposed  by  the  author,  viz.  to 
insert  suitable  capacity  and  inductance  so  as  to  form  a 
circuit  having  resonance  for  these  harmonics.  This  method 
is  of  course  much  less  satisfactory  than  the  method  used 
for  eliminating  the  third  harmonic,  which  is  described  in 
the  paper,  because  it  requires  that  the  current  should  be 
supplied  by  the  tester  itself,  that  is  to  say,  it  cannot  entirely 
eliminate  the  harmonic,  but  can  only  reduce  its  amplitude 
to  a  certain  minimum.  It  is  conceivable  that  methods  of 
connection  which  would  enable  the  fifth  harmonic  to  be 
eliminated  might  be  devised  by  using  a  larger  number  of 
phases,  but  the  connections  would  evidently  become 
extremely  complicated,  probably  too  much  so  for  practical 
handling.  This  is  the  theory  of  the  paper  and  it  seems 
to  me  a  very  valuable  contribution  to  the  science  of  the 
magnetization  of  iron.  From  the  practical  point  of  view 
the  author  mentions  some  possible  developments.  Look- 
ing at  the  apparatus,  not  as  a  tester,  but  as  a  phase  trans- 
former, results  have  been  obtained  such  as  the  obtaining 
of  current  with  three  times  the  frequency  of  the  supply. 
In  many  cases  this  would  be  very  useful,  and  further 
developments  in  this  direction  will  be  expected.  It  would 
appear  at  first  sight,  considering  the  large  copper  losses 
which  must  necessarily  accompany  any  attempt  to  use  iron 
at  high  magnetic  densities,  and  also  the  hysteresis  and  eddy- 
current  losses  due  to  those  high  densities,  that  the  efficiency 
of  the  apparatus  must  be  low.  The  other  practical  point  of 
view  is  the  use  of  the  apparatus  purely  as  a  tester  in  order 
to  determine  the  actual  losses  in  samples  of  iron  at  given 
maximum  flux  densities.  For  this  purpose  I  think  the 
method  is  much  too  elaborate.  In  the  case  of  iron  to  be 
used  for  transformers,  it  might  be  worth  while  to  attempt 
a  much  .more  elaborate  and  accurate  determination  of  the 
losses  than  is  at  present  usual  in  practice,  but  from  the 
point  of  view  of  dynamo  design  I  am  certain  that  any 
methods  of  such  an  elaborate  nature  as  that  described  in 
the  paper  would  be  really  waste  of  time.  Only  in  the 
vaguest  way  can  we  guess  at  the  distribution  of  the  flux  in 
different  parts  of  the  magnetic  circuit  of  the  dynamo,  and 
therefore  only  in  a  very  vague  way  do  we  know  the  maxi- 
mum flux  densities  in  different  parts.  Under  such  con- 
ditions the  approximation  to  the  losses  which  is  obtained 
from  ordinary  commercial  methods  of  testing  is  as  useful 
and  serviceable  as  the  most  accurate  results  which  can  be 
got  by  elaborating  the  methods  of  test.  Of  course  I  do  not 
wish  these  remarks  to  be  taken  as  lessening  in  any  way  the 
value  of  work  of  this  kind.  We  have  found  over  and  over 
again  that  the  highest  theoretical  work,  though  it  appeared 
to  be  of  no  immediate  consequence  to  the  practical  man, 
has  nevertheless  proved  of  the  greatest  value  directly  or 
indirectly  at  some  future  time.  I  think  there  is  no  doubt 
that  the  value  of  this  paper  lies  for  the  present  in  its  more 
purely  theoretical  side — that  is,  in  the  new  methods  which 
it  suggests  of  testing  the  magnetic  properties  of  iron,  and  in 
the  warning  that  it  gives  us  that  the  actual  flux  densities  in 
the  iron  may  be  much  less  than  those  apparently  shown  by 
the  secondary  electromotive  force.     The  published  results 
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K,  ^  I ,  X  3  ri>  ;  this  means  that  the  mesh  windings 
aft  :i-inductive.     I   think  that  the  author's 

expi.  1  prove  valuable  for  giving  some  idea  of 

the  error  involved  in  assuming  a  sine  wave  when  cal- 
culating Ba  for  a  ring  tester.  At  hrst  sight  there  would 
not  appear  to  be  much  improvement  in  e,  of  Fig.  5A  as 
compared  with  e,  of  Kig.   ia. 

Ur.  A.  L.  Tacklev:  The  results  given  in  the  latter 
portion  of  the  paper  show  tliat  within  the  limits  of  a 
maximum  Aux  den-ilv  of  i7,:;o:>-20,ooo  lines  per  sq.  cm. 
the  slupc  of  the  ;■  .:rent  wave  to  produce  a 

sine  wave  of  flux  it  .  ,,  i  llux densities  is  approxi- 

mately constant.  This  suggested  to  me  that  this  part  of 
the  subject  might  be  approached  mathematically,  and  with 
the  author's  permission  I  worked  out  a  solution  on  these 
lines.  The  result  is  interesting  since  it  shows  exactly  the 
conditions  necessar\-  in  order  that  the  shape  of  the  current 
wa\  itinent  01  • 

all-  .>lcd  to  ci-    . 

shaf«cs 

Dr.  A  ■iicaUdj:    A   careful  theoretical 

•  J.  l^oWkOX      Chi^riiian  »  Addnak.     yamnul  I.BJ..  v>4.  SJ.  p.  J7, 

lull 


Ik   (lie 

must  I 


. .    ul  ca    iA 

.cr  to  t;r! 


tlie  au 
value 

the  0^1  'I  the  induced  electromotive  force  in  tl»e 

•    -Iv  find  the  area    »     .  ,  ,,  ^,.  .,uvt 

U  F.  wave.     1  the 

A), 
1  A 
B. 
tor 
the  hysteresis  loss.     In  01  ent 

losses  we  find  from  the  01..-.  „ ...  <^.  m 

the  same  way  as  shown  in  the  paper,  the  values  B„  Bt.  By 

.  .  .  for  the  harmonics  of  the  Hux  density.   The -V  •■-•the 

assumption  that   the   amplitudes  of  these    :.  are 

\imately  constant  over  t 
it  Ik  not  dilhcult  to  pro\ 
pel  cubic  cm.  of  the  iron  in  ergs  pci  >c«.uiiil  ik  given  by 

i*4(^)/"iB.  +  9B;+asB;+.  .  .\ 

where  /  is  the  thickness  of  the  strips  in  cm.,  and  f  equals 

the  resistivity  of  the  iron  in  C.G.S.  units  (abo'.;'  "^ As 

the  wattmeter  reading  give*  the  sum  of  the  -ind 

eddv-current  losses  we  can,  if  we  know  Ttic  Me:iiiiieLi 
index  easily  find  the  SteinmcU  coefficient.  1  was 
1;  -.o  notice   that  the  author  fii: 

II  .cU   index   has  the  value   r5> 

to  B_=u>,5oo.  In  a  paper  recently  read  tkeiore  tlie 
Hhysical  Society  of  London,  Ur.  Stroude  *  finds  that  for 
Stallov  the  values  of  the  SteinmcU  index  are  as  follow*  : — 


B. 

Stciiiirtj 

500—    1,000 

181 

1,000 —  i.oao 

178 

i.ooo—  4,000 

«7* 

4,000—11/100 

I'M 

It  appe.lI^  then  that  the  index  has  still  smaller  values  at 
thuhigli  Hux  densities  at   which   the  author  worked,     it  is 


c  ol   liic  -  i  ;i 

:    when  H.  •    ai>d 

14,000,  the  latter  s-alue  being  the  superior  bmi!  10  amich  b« 

*  p.  SraovDB.    An  aoctmi'       . 
trwM<u*mcr  iroau  SteUujr.  ai.. 
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worked.  Mr.  Nicholson's  nictliod  of  getting  :i  flux  of  sine- 
wiive  form  whilst  most  ingenious  is  rather  too  complicated 
for  everyday  use.  Would  it  not  be  possible  to  devise  a 
machine  which  would  give  an  E.M.F.  wave  of  such  a  shape 
that  it  would  produce  a  magnetizing  current  of  sine-wave 
form  ?  An  alternator  with  movable  pole-pieces  so  that 
the  shape  of  its  wave  could  be  varied,  or  one  with  exces- 
sive armature  reaction,  might  be  devised  for  this  purpose. 
In  the  latter  case  the  shape  of  the  wave  can  be  altered  by 
adding  inductance  or  resistance  to  either  the  armature  or 
the  field  circuit  until  the  desired  shape  is  attained.  The 
shape  of  the  applied-potential-difference  wave  that  will 
produce  a  current  wave  obeying  the  harmonic  law  in  the 
magnetizing  winding  can  readily  be  found  when  the 
hysteresis  loop  of  the  iron  under  test  is  known.  In  shape 
it  is  like  a  semicircle  flattened  on  the  top. 

Mr.  D.J.  MacKellar  {communicated)  :  I  should  like  to 
ask  the  author  whether  the  magnetic  leakage  at  the  high 
flux  densities  employed  has  been  found  to  have  any 
appreciable  effect  on  the  flux  distribution  in  the  tester 
cores,  and  whether  it  can  be  reasonably  assumed  that  the 
flux  density  is  uniform  over  the  whole  tester.  His  remark 
that  "  it  is  probable  that  a  point  may  soon  be  reached  at 
which  with  increasing  electromotive  force  the  maximum 
value  of  the  flux  density  in  the  tester  core  actually  begins 
to  decrease  "  is  very  interesting,  and  no  doubt  many  mis- 
leading results  in  tests  where  high  flux  densities  (with 
alternating  flux)  are  involved  could  be  explained  in  this 
way.  The  methods  of  getting  rid  of  the  third  and  fifth 
harmonics  are  ingenious,  and  it  would  appear  that  the 
seventh  and  higher  harmonics  have  a  practically  negligible 
effect  for  the  range  of  flux  densities  employed.  It  would 
be  interesting  to  know  how  the  results  of  a  test  with  the 
third  and  fifth  harmonics  eliminated  would  compare  with 
the  results  of  a  test  in  which  the  harmonics  were  present 
but  were  corrected  for  as  detailed  on  page  255. 

Mr.  A.  M.  Taylor  {communicated)  :  The  subject  of  this 
paper  is  of  great  interest  to  transformer  designers,  though 
the  information  contained  therein  would  have  been  of 
much  greater  value  to  me  had  it  appeared  a  year  ago,  as 
it  would  probably  have  prevented  mistakes  in  the  design  of 
a  frequency  changer — mistakes  vv-hich  proved  expensive  to 
rectify.  The  information  is  none  the  less  welcome  even, 
now.  The  author's  experiments  have  been  made  with  a 
4ok.v.a.  alternator,  with  a  core  area  of  7-5  sq.  cm.,  and  with 
pressures  of  the  order  of  20  volts  ;  mine  have  been  made 
with  the  supply  from  plant  of  a  capacity  of  25,000  k.v.a.,  with 
core  areas  of  300  sq.  cm.,  and  with  pressures  of  5,000  to 
6,000  volts.  My  experiments  were  carried  out  on  a  30/50 
kw.  frequency  changer  connected  up  as  shown  in  Fig.  7  of 
the  paper  which  I  read  before  the  Birmingham  Local 
Section  a  few  months  ago,*  and  the  essential  difference 
between  my  experiments  and  those  of  Mr.  Nicholson  is 
that  he  has  compelled  the  flux  of  his  tester  to  follow  a  sine 
law,  whereas  my  arrangement,  in  which  the  primary 
winding  of  the  (unsaturated)  working  transformer  is  in 
series  with  the  choking  coil,  rather  tends  to  accentuate  the 
natural  tendency  of  the  flux  in  the  (saturated)  core  of  the 
choking  coil  to  depart  from  a  sine  law.  I  should  be  glad  if 
Mr.  Nicholson  would  explain  how  it  is  that  the  triple  har- 

•  A.  M.  Taylor.  Static  transformers  for  the  simultaneous  chang- 
ing of  frequency  pressure  of  alternating  currents.  Journal  I.E.E.. 
vol.  52,  p.  700,  1914. 


monic    of    electromotive    force    in    the    primary    of    the  Mr 

,,        ,  ,  iu     Taylor. 

"  workuig  trauslormer  of  my  arrangement  causes  the 
terminal  electromotive  force  in  the  choking  coil  to  consist 
of  a  fundamental  and  a  triple-harmonic  wave  in  the  nega- 
tive {i.e.  subtractive)  sense  to  that  fundamental  instead  of 
in  a  positive  (i.e.  additive)  sense,  as  his  curves  appear  to 
convey,  and  as  I  certainly  expected.  In  regard  to  the  losses 
in  the  iron,  my  experiments  were  carried  out  with  choking 
coils  weighing  several  hundredweights  and  immersed  in 
oil  tanks.  I  propose  to  calibrate  the  tanks  for  heat  dissipa- 
tion at  ordinary  flux  densities  and  with  a  sine  wave  of  flux  ; 
this  will  then  enable  me  to  determine  by  how  much  the 
energy  losses  at  higher  flux  densities  and  with  deformed 
waves  of  flux  exceed  those  calculated  from  the  tests  of 
Stalloy  as  published  in  the  maker's  lists.  The  connections 
(see  Fig.  4)  used  by  the  author  are  virtually  those  of  the 
Spinelli  frequency  changer.  Perhaps  he  can  give  us  some 
figures  to  show  at  what  rate  the  voltage  Emcsi.  fell  off  as 
load  was  put  on  to  the  secondary  coils  D,,  Dj,  D3  con- 
nected as  shown.  The  oscillograms  in  Fig.  53  would  seem 
to  show  that  the  current  in  the  mesh,  when  the  latter  was 
short-circuited,  was  hardly  any  larger  than  in  Fig.  5A  when 
it  was  presumably  not  short-circuited,  which  points  to  a 
considerable  drop.  Perhaps  he  will  also  say  whether 
he  has  observed  that  the  electromotive  forces  in  the  coils 
D,,  D,,  D3,  are  simultaneous  and  all  assist  each  other.  I 
rather  anticipated  that  in  this  arrangement  there  would 
be  only  two  of  these  coils  active  at  any  moment. 

Professor   D.   Robertson  (communicated)  :    The    point  Professor 

Robertson 

dealt  with  in  the  paper  is  one  of  considerable  practical 
importance  in  making  magnetic  tests  by  alternating 
currents,  and  the  information  given  regarding  the  magni- 
tudes of  the  different  components  of  the  magnetizing- 
current  wave  is  of  great  interest.  The  author's  method  of 
eliminating  the  third  harmonic  in  the  induced  electromotive 
force  is  very  ingenious,  but  its  application  is  somewhat 
limited  by  the  amount  of  apparatus  necessary  to  carry  it 
out.  For  most  purposes,  one  would  probably  prefer  the 
simple  method  of  using  a  single  tester  and  then  allowing 
for  the  distortion  by  determining  the  form-factor  of  the 
induced  E.M.F.  wave.*  The  importance  of  allowing  for 
the  air  flux  embraced  by  the  search  coil  when  the  flux 
density  in  the  iron  is  high  is  pointed  out  on  page  255,  but 
the  figures  given  in  the  table  for  this  correction  do  not  seem 
to  agree  with  the  magnetization  curve  of  Fig.  7.  Thus, 
when  the  flux  density  in  the  iron  is  20,000  C.G.S.,  that  in 
the  air  would  be  aljout  480,  or  2-4  per  cent';  but  the  air  sec- 
tion is  practically  half  that  of  the  iron  (o'336  too"664)  and  so 
the  air  flux  will  be  1-2  per  cent  instead  of  the  o'5  per  cent 
given  in  the  table.  Possibly,  however,  these  corrections 
have  been  calculated  from  the  magnetization  curves  pub- 
lished by  the  makers,  which  give  appreciably  higher 
permeabihties  than  those  in  Fig.  7. 

Dr.  S.  P.  Smith  (communicated)  :  To  my  mind  the  most  Dr-  Smlt 
interesting  fact  in  this  paper  from  a  scientific  point  of  view 
is  the  action  of  saturated  iron  as  a  frequency  converter. 
Though  this  phenomenon  has  been  known  for  some  time, 
I  am  not  aware  that  a  suitable  and  complete  explanation 
has  been  given — at  any  rate  the  matter  is  not  widely  under- 
stood and  deserves  further  attention.  I  remember  that  in 
a  paper  read  by  Dr.  Coales  before  the  Birmingham  Local 

*  See,  for  instance,  A.  Campbell.     Magnetic  testing  of  iron   with 
alternating  current.     Journal  I.E.E.,  vol.  43,  p.  555,  1909. 
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analysis  given  on  page  253  and  taking  Professor  Raily's 
figures,  I  get  quite  different  values  for  eddy-current  loss 
from  those  given  by  him,  for  example  B„,  =  18,000,  total 
watts  37'8  and  24'3,  and  watts  per  cycle  W//=  1-67  and 
I  '62  respectively  : — 


W, If,  =  1-67  — a  +  bt\ 


for/,  ^  22'5  cycles  per  sec. 
for  /!,  =  15  cycles  per  sec. 

Therefore  &  =  0-00667;  6/,  =0-150  and  6/5  =  0-100; 
0  =  1-67  —  0-150^1-52,  as  against  the  values  of  0250, 
0'i67,  and  1-44  respectively  deduced  by  Professor  Baily  for 
the  eddy  losses  per  cycle  and  the  hysteresis  loss  per  cycle. 
If  Professor  Baily  will  follow  the  above  method  of  analysis 
he  will  get  results  for  the  hysteresis  loss  which  agree  very 
closely  with  those  in  the  paper. 

I  agree  with  Mr.  Hird  that  the  paper  may  be  rather 
difficult  for  many  members  to  follow,  but  for  various 
reasons  it  was  deemed  advisable  to  limit  its  bulk.  The 
mathematical  formute  consist  chiefl}'  of  expansions  of 
electromotive  forces,  currents,  and  fluxes  into  series  of  sine 
waves  of  frequencies/,  3/  5/,  etc.,  and  I  trust  that  these 
will  not  repel  any  reader.  The  paper  will  of  course  be 
more  directly  available  to  those  who  have  already  carried 
out  experiments  with  alternating-current  testers.  Mr. 
Hird  rightly  emphasizes  the  fact  that  the  method  proposed 
for  the  reduction  of  the  fifth  harmonic  by  short-circuiting 
it  through  a  suitable  capacity  and  inductance  can  only  be 
partly  successful.  After  a  number  of  attempts  to  minimize 
this  harmonic  of  the  induced  electromotive  force  in  that 
manner  I  have  now  decided  to  abandon  the  resonance 
circuits.  Designs  have  been  got  out  for  a  3-phase 
alternator  to  give  currents  of  frequency  5/  and  to  be  con- 
nected in  series  with  the  main  3-phase  alternator  of 
fundamental  frequency  /.  The  magnetizing  currents,  i, 
and  (5,  will  then  be  supplied  from  external  sources  to  the 
star-connected  windings  A  of  the  testers,  and  the  triple- 
harmonic  current  i^  will  be  supplied  as  former!)'  to  the 
mesh  windings  D.  The  efficiency  of  the  frequency 
changer  shown  in  Fig.  4  would  be  low,  but  owing  to  the 
fact  that  the  primary  current  !„  varies  with  I3  the  efficiency 
need  not  be  very  low.  With  a  terminal  line  pressure  of 
173  volts  on  the  primary  side  (giving  E,  per  phase  := 
100  volts),  a  secondary  voltage  of  3  x  66-8  =  200  volts  may 
be  obtained  on  open  circuit,  whilst  with  the  small  3-phase 
generator  at  my  command  the  mesh  voltage  had  fallen 
9  per  cent  when  the  current  I3  was  one-third  of  its 
short-circuit  value.  Further  information  on  this  point  will 
be  obtained  from  Mr.  A.  M.  Taylor's  paper.  I  also  agree 
with  Mr.  Hird  that  the  method  of  testing  is  too  elaborate 
for  practical  or  everyday  purposes ;  the  method  was 
devised  for  a  scientific  investigation  of  the  subject,  but  I 
am  hopeful  that  a  simplification  will  allow  of  the  maintain- 
ing of  a  simple-harmonic  wave  of  flux  even  with  single- 
phase  testers. 

Mr.  Lackie  mentions  the  presence  of  a  third  harmonic 
in  a  3-phase  star-connected  static  balancer.  This  is  what 
may  be  expected  whenever  the  star  point  of  the  choke 
coils  is  connected  to  the  neutral  wire.  The  star  connec- 
tion of  the  choke  coils  puts  the  three  phases  of  the  choke 
coils  in  parallel  so  far  as  the  triple  harmonics  of  the  choke- 
coil  magnetizing  currents  are  concerned,  and  the  neutral 
wire  provides  the  closing  link  in  the  circuit  for  the  triple- 
harmonic  currents. 


Mr.  McWhirter  calls  attention  to  the  fact  that  the  power 
factor  of  the  power  measured  by  the  wattmeters  W^,  W„, 
in  Fig.  6  is  approximately  0-5  instead  of  being  approxi- 
mately zero  as  in  the  ordinary  tests  with  a  single-phase 
tester.  One  of  the  wattmeters  reads  positive  and  the  other 
reads  negative,  the  total  power  being  the  algebraic  sum  of 
the  readings  of  W„  and  W^.  If  then  the  wattmeters  W^ 
form  the  two  systems  of  a  2-phase  wattmeter,  such  as  the 
Drysdale  instrument  employed,  great  accuracy  may  be 
obtained  in  the  measurement  of  the  iron  losses.  For  this 
reason  alone  the  3-phase  connections  probably  represent  a 
great  advance  in  the  accuracy  with  which  the  iron  losses 
can  be  measured  with  an  ordinary  dynamometer  watt- 
meter. Although  d  in  Fig.  5A  does  not  seem  at  first  sight 
to  be  any  improvement  on  Ct  in  Fig.  ia,  the  absence  of  an 
appreciable  third  harmonic  in  t',-  of  Fig.  5A  means  a  very 
considerable  smoothing  out  of  the  flux  wave. 

The  mathematical  deductions  made  by  Mr.  Tackley  are 
most  interesting,  and  throw  considerable  light  on  the  sub- 
ject of  magnetization  at  high  flux  densities  with  alternating 
currents,  and  also  provide  an  excellent  check  on  the  ratios 
of  the  harmonics  of  the  magnetizing  current  obtained 
experimentally  (see  Fig.  14)  when  the  flux  density  varied 
approximately  according  to  a  simple  sine  function  of 
the  time. 

Dr.  Russell  challenges  me  with  evading  the  mathematical 
difliculties  of  separating  the  eddy-current  and  hysteresis 
losses  when  the  magnetic  flux  does  not  obey  the  sine  law. 
I  quite  agree  with  him.  I  believe  it  to  be  worth  one's 
while,  in  general,  to  elaborate  an  experiment  if  by  so  doing 
one  can  reduce  the  number  of  variables  or  reduce  the 
magnitude  of  these  variables  and  so  obtain  more  uniform 
conditions  and  have  fewer  corrections  to  apply  to  the  final 
experimental  results.  Dr.  Russell  gives  an  expression  for 
the  eddy-current  losses  in  the  general  case ;  the  shape  of 
the  induced  E.M.F.  wave  alters,  however,  with  the  fre- 
quency— the  lower  the  frequency  the  greater  do  the  ratios 
of  B3/B,,  B5/B1,  etc.,  become,  and  hence  it  is  not  possible  to 
separate  the  eddy-current  and  the  hysteresis  losses  by  per- 
fotming  a  number  of  experiments  at  constant  B„,  but  at 
different  frequencies. 

I  am  very  pleased  to  find  that  the  preliminary  results 
which  I  obtained  for  the  Steinmetz  index  come  approxi- 
mately into  line  with  those  found  at  lower  flux  densities  by 
Mr.  Stroude.  I  am  interested  in  Dr.  Russell's  suggestion 
of  maintaining  a  sine  wave  of  magnetizing  current  in  the 
tester.  This  is  the  converse  of  the  method  described  in 
the  paper,  but  at  very  high  flux  densities  the  sine  wave 
of  current  would  produce  a  flux  wave  which  approaches 
closely  to  a  rectangular  shape,  a  wave  which  therefore 
contains  prominent  higher  harmonics  and  for  which  the 
quantity  (B]  -|-  9  B3  +  25  B,  +  .  .  .)  is  large.  I  do  not 
believe  it  would  be  so  easy  to  obtain  this  sine  wave 
of  current  as  it  would  be  to  apply  at  the  terminals  of 
a  single-phase  tester  such  an  E.M.F.  wave  that  the  induced 
electromotive  force  would  be  maintained  a  sine  wave. 

Mr.  MacKellar  calls  attention  to  a  possible  un-uniform 
distribution  of  the  flux  in  the  tester  cores.  I  think  the 
leakage  flux  would  not  affect  the  distribution.  The  eddy 
currents  might,  however,  do  so  if  the  core  plates  are  thick, 
and  especially  if  the  flux  does  not  vary  according  to  a 
sine  law. 

Mr.   Taylor   had   a   great   advantage    over    me    in    his 
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Bv    A.    H.    Kaili.ng,    U.Enjj..    Member. 


{AiUirfSi  (iditfretl 

I  liavc  chosen  as  the  subject  of  this  address  the  j>osilion 
of  electrical  engineering  in  the  world's  social  organization. 
I  propose  to  show  how  and  why  in  the  chain  of  occupa- 
tions and  professions  the  advent  of  the  electrical  cnjjineer 
has  of  necessity  l>ccn  a  late  one.  and  how  he,  Uke  most  late 
dcvi  Ills  one   of    the   highest 

devi  isrns  and  must  reali/e  his 

po^.  ^li.     Out  ol   this  recognition  there  arises  the 

clul^  c  accumulated  experience  of  the  interme^liate 

formations  lor  the  purpose  of  achieving  further  progrcs- 
the  duly  to  advance  the  age  and  the  professions  which  ha\t. 
produced  him,  until  he  in  turn  has  led  to  new  and  higher 
developments,  to  an  increase  in  efficiency  of  matters 
humane  and  in  nature,  and  to  an  increased  knowledge  t>l 
matter  by  man. 

In  our  age  of  speciali/ation  on  the  one  hand,  and  of 
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increased    and    highly   developed    tools,   n;  and 

spiritual,  on   the  other,  the  mental  »-orkei   ,..   ^teo 

succumbs  to  routine.     In  such  a  state — as  too  often  the 

manual  worker — he  becomes,  knowingly  or 

a  unit   that    in   its  daily  routine  w<ork   has 

.^e  which  he  and  his  work  take  in  the     >..jiUiuuity 
S'aHire  " 
Nature 
ll.    Ihe    h:. 

luliilled   ;  .4  a 

f, — >..4,.lcr,  and  lie — , -"" 

with  special  functions  for  the  various  purposes 


u> 


^64 


KAILIXG:   BIRMINGHAM    LOCAL   SECTION:   CHAIRMAN'S   ADDRESS. 


In  order  to  obtain  the  best  overall  efficiency,  definite 
organisms  have  been  created,  speciall)'  devoted  to  and 
developed  (or  specialized  work.  This  overall  efficiency  in 
human  society,  however,  will  only  be  obtained  when  the 
specialized  organism  is  aware  of  tlie  bond  connecting  it  to 
the  common  body,  the  reason  for  its  specialization,  tlie 
work  that  it  has  been  created  for,  that  part  of  the  task 
which  its  predecessors  have  accomplished,  and  the  tasks 
that  are  before  it.  Otherwise,  instead  of  giving  rise  to 
increased  efficiency,  specialization  is  bound  to  lead  to 
dissolution.  Onl}-  the  man  who  understands  his  work  in 
this  sense  is  worthy  of  the  name  "  electrical  engineer." 

In  order  clearly  to  conceive  our  position,  I  propose  to 
consider  whctlier,  as  a  bodv,  we  have  a  claim  to  be 
mentioned  amongst  the  groups  of  workers  whose  names  are 
identified  in  history  with  distinct  and'  definite  progress  of 
humanity. 

Man's  original  occupation  was  that  of  a  hunter  ;  he  had 
to  find  food,  and  he  had  to  defend  himself.  All  classes 
since  that  day  owe  their  existence  to  Nature's  law  of  the 
survival  of  the  fittest,  i.e.  the  most  efficient  being.  The 
most  urgent  immediate  requirements  of  humanity  were 
improvements  in  the  methods  of  defence  and  of  obtaining 
food  in  a  more  regular,  secure,  and  easy  way.  The  rearing 
of  cattle  and  the  tilling  of  the  soil  served  this  purpose. 

Efficiency  demanded  that  special  knowledge,  whether 
ill  regard  to  good  or  bad  land,  or  to  movement  of  sun  and 
stars,  or  healing,  should  be  centred  in  certain  individuals, 
and  handed  on  by  them  from  one  generation  to  another. 
Priest  castes  filled  this  gap,  and  from  them  separated  in 
the  course  of  lime  the  pliysician,  the  teacher,  the  lawyer, 
and  the  philosopher. 

As  civilization  progressed,  humanity  learned  the  use  of 
materials.  It  learned  the  exchange  of  materials — ^the  im- 
portance of  the  trader,  who  contributed  to  efficiency  by 
removing  the  restriction  in  the  use  of  certain  commodities 
to  certain  localities  and  times. 

The  justification  for  all  these  classes  of  workers,  there- 
fore, was  that  they  represented  tools  specialized  for  doing 
away  with  waste,  either  by  producing  more  efficiently 
necessities  of  life,  or  b}'  preventing  undue  waste  of  life, 
or  bj'  co-ordinating  the  actions  of  men  so  as  to  remove 
friction  and  waste,  or  by  developing  brain  and  morale, 
thus  producing  a  more  far-sighted,  more  efficient  being,  or 
finall)'  by  creating  efficient  communication  between  com- 
munities, thereby  tending  to  equalize  abundance  and  need. 
All  these  vocations  have  already  been  in  existence  for 
thousands  of  years.  Why  has  engineering,  and  especially 
electrical  engineering,  come  so  late,  and  what  is  its 
mission  ? 

As  humanity  progressed,  it  dealt  with  men  and  matter 
as  it  found  them,  and  it  used  the  kinetic  energy  of  men 
and  animals,  and  perhaps  of  wind  and  water,  as  well  as 
certain  substances  and  some  of  their  physical  properties. 
Although  attempts  were  made  from  time  to  time  to  probe 
deeper,  practically  nothing  was  known  of  the  structure  of 
matter,  or  of  energy  in  its  manifold  variations.  The 
problems  of  dynamics,  if  we  leave  out  Aristotle,  were  dead 
until  the  time  of  Galilei  and  Newton  ;  the  problems  of 
matter  until  Priestley  and  Berzelius.  Engineering  science 
meant,  as  in  Galilei's  law,  going  away  from  this  earth, 
or,  as  in  the  atomic  theorj',  going  into  the  infinitesimal. 
Electrical  engineering  started  when  humanity  was  pre- 


pared for  an  advance  in  this  direction.  In  its  narrower 
sense  it  means  the  application  of  the  knowledge  of  what 
we  call  electricity.  In  its  broader  sense  it  is  the  know- 
ledge of  matter  and  its  attribute  "  energy  " — or,  vice  versa, 
energy  which  pianifests  itself  in  the  form  of  matter — and 
their  applications. 

If  we  consider  history  as  the  progress  of  the  knowledge 
of  matter,  the  sequence  is  a  logical  one  from  physical 
properties  to  the  properties  of  the  molecule,  from  the 
problem  of  the  molecule  to  that  of  the  atom,  and  from 
the  problems  of  atoms  to  those  of  tlie  corpuscle,  pro- 
ceeding step  by  step  to  smaller  and  smaller  units  of  matter. 
If,  on  the  otlier  hand,  we  consider  history  as  the 
progress  of  the  knowledge  of  movements,  we  find  exactly 
the  same  development  from  Galilei's  and  Keppler's  law 
of  the  planets  to  the  knowledge  of  the  potential  and 
kinetic  energies  of  moving  bodies,  to  heat  and  cohesion, 
to  chemical  energy,  and  from  there  to  electricity  and 
light,  the  energy  of  corpuscles,  as  the  basis  of  all. 

The  knowledge  of  all  these  problems  and  the  application 
of  such  knowledge  went  hand  in  hand,  sometimes  the 
application  leading  and  the  explanation  following,  some- 
times theory  first  and  application  afterwards,  and  it  is 
self-evident  that  the  sequence  depended  partly  on  the 
greater  pressure  for  practical  application,  the  pressure  to  . 
achieve  something,  to  prevent  something,  or  the  greater 
need  to  understand  certain  facts,  certain  problems,  and  by 
understanding  them  to  govern  them. 

I  have  tried  here  to  show  how  and  why  engineering,  and 
especiall)'  electrical  engineering,  came  as  the  latest 
development  proceeding  from  visible  matter  and  the 
energy  of  visible  matter,  further  and  further  into  the 
region  of  the  invisible  and  iniinitesimal. 

Having  realized  what  led  to  our  profession,  I  now  come 
to  the  second  point,  which  I  set  out  to  consider  :  In  how 
far  has  electrical  engineering  already  contributed  to 
human  development,  by,  shall  I  say,  improving  human 
progress  and  efficiency. 

This  problem  has  been  dealt  with  in  innumerable  ways. 
I  am  not  going  to  speak  about  the  "  thousands  of  miles  of 
telephone  wires,  and  the  millions  invested  in  electrical 
undertakings,"  which  have  become  almost  proverbial ;  nor 
shall  I  give  statistics.  I  hope,  however,  to  be  able  to 
show,  shall  I  say  from  a  philosophical  point  of  view — 
which  translated  into  modern  language  means  a  natural 
science  point  of  view,  or  from  the  point  of  view  of  the 
laws  of  energy — that  we  have  established  our  claim  and 
have  achieved  greater  efficiency  in  the  universe. 

What  is  the  problem  ?  Humanity,  that  is  a  number  of 
human  beings  endowed  with  mental  and  physical  energies 
(which  may  or  may  not  be  of  the  same  nature),  inhabits  for 
a  certain  time  a  certain  space.  They  have  at  their  disposal 
a  definite  sum  of  matter  in  innumerable  varieties  and  com- 
binations, and  a  definite  sum  of  energy,  part  of  which  is 
free  energy  in  all  its  known  forms,  and  perhaps  in  some 
that  we  do  not  know  yet. 

Electrical  engineering  is  a  power  for  civilization  if  it  in- 
creases mankind's  efficiency  in  dealing  with  these  factors  : — 

(i)  If  it  enables  us  to  make  better  use  of  matter  either 
by  increasing  the  number  of  varieties  in  existence 
or  by  producing  them  more  cheaply,  or  by  making 
better  use  of  their  properties. 
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\Vc  have  in  •.ucccsMve  step*  reached  the  point  where  all 

energies  are  restricted  to  and  based  on  one,  and  one  only, 

vu.   corpuscular  enerjjv — electricity.     All   other   energies 

'■.'a;  the  energ)' of  accelerated  cor- 

.  ;    the  energy  of  )>roups  of  cor- 

it ;  the  energy  ■ 

.  iical  energ\'  ;  ; 

■  l>lc  volumes.     Tiioe  ttunrio  may 

■     •    ^  ■  .  it  may  be  doubtful  whether  the 

V   oi   energy  which   denies  the   existence  of    mass 

»,.i  t>e  victorious,  or  the  pure,  shall    I    say   corpuscular 

theo-^-,  which  simply  accepts  substance  with  its  energy  as 

'  attributes  inherent  to  it,  inseparable  from  it.     I 

accept    the   latter.     For   the  present  purpose, 

:,,..w.i.!     It  is  imiiiateri.tl. 

l!  iVkuild  lead  iiic  l'<^  far  to  show  the  successive  stages 
i:,  I  ilic   varyi:  •    which  electrical  scientists   and 

j-iiVMCists  in  gi  travelled  before  this  definite quali- 

uiuf  Wiu'wUtlge  resulted.  Three  difTerent  important  dis- 
coveiio  had  l>ecn  made  previously,  more  of  a  quantitative 
than  a  qualitative  character. 

U)  The  law  vation  of  mas>,  or  rather  of  sub- 

stance conception  of  mass  nuy  have  to 

be  chaitged  in  the  Ught  of  Sir   J.  J.   Thomson's 
expUnalions). 
(2)  The  law  of  con!>cr\-ation  of  energ)'. 
(3 1  The  law  of  dissipation  of  free  energy. 
Whilst  t'-rve  three  laws  had  given  great  impetus  loappli- 
red  a  qualitative  explanation,  such  as  the  one 
,  -  f«r  in  Its  clearest  form  by  Sir  J.  J.  Thomson, 

to   i:  1   fully   and   connect    the    facts   which    arc 

expii  --iv>  ■■..  iiicselaws.  In  the  hght  of  these  explanations, 
the  world  is  the  held  of  the  electrical  engineer. 


, 'UkMtMlilv  ft  UaoWoC'- 


tu  Iransfuim  all  lo(m>  o(   eotigy 

-  ni 

■  n 

d 


,..,^   ..,,-  .  ,^,       .  v,iiidly,  to  tianafurni  cuoi)- 
iiieiits,  and  permit  us  to  hope  tlul  one  day  ^^ 


mean-  thnt  wr  poises', 


lit 


electrical  nature,  we  should  be  able  to  make  u>c  ol,  at,  wbcfl. 
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Now  It  happens  that  for  this  particular  purpose  electrical 
eneigy  in  its  narrower   sense  is   ni.  ^iiy 

other  known  (■■rni  of  rneruy       l.<-t  ii  .\e 

certain  encr .  ig 

to  waste,  i.c  st 

ol  these  ent!  fjy 

of  the  sun -.„.  .  ._, ._..ics 

it  to  certain  altitudes,  transforms  it  into  :  energy 

of  our  rivers,  and  is  stored  and  tranM>  i  ::ic,i  mto  the 
chemical  cnergv  of  coal,  o^  oil.  and  of  organic  substauccsi. 
T'  -  i» 

as  "iC 

St  j.te 

in  .  or 

free 


to    "  a\-ailablc 


accumulated    without    condderation 
energy. " 

Human  society  to-day  requires  these  energies  in  order  to 
apply  them  as  hght,  heat,  chemical  energy,  mechanical 
energv.  Therefore  it  has  either  to  transplant  itscli  to 
til- 


^1)  Because  the  available  source  .rin  he  conveniently 
transformed  and  electrical  c:  natetl. 

(j)  Because  electrons  are  the  hgbtt.  . ._ i  of  electrical 

energy  known,  and  therefore  the  caveat  to  trans- 
port ;  or,  difierently  expressed,  they  carry  a  maxi- 
mum amount  of  energy  per  volume  of  weight,  and 
arc  therefore  the  roost  convenient  form  ol  energy 
osrrier*. 

It)   1  ■»» 

gy 

used  by  mankind. 
(4)  Electrical  energy,  as  an  intemicdiary  to  the  other 
forms,  allows  us  to  store  energy  in  a  more  con- 
venient and  more  efficient  way  than  woutd  other- 
wise  be  possible. 
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If  therefore,  on  account  of  these  facts,  it  is  possible  to 
use  the  limited  amount  of  free  energy  which  is  running 
to  waste  in  our  solar  system,  independent  of  its  position 
(by  transmitting  it)  and  time  (by  storing  it)  we  have  one  of 
the  most  valuable  results  and  achievements  for  mankind. 

The  four  advantages  shown  lead  us  to  tlic  most  impor- 
tant fields  of  electrical  engineering,  in  its  narrower  sense, 
to  electrical  generation,  electrical  transmission,  electrical 
re-transforniation,  or  application  to  motive  power,  heat, 
liihtina.  and  chemical  processes,  and  finally  to  electrical 
storage. 

(i)  Generation. 

We  have  shown  that  the  solar  energy  is  available  for  use 
either  in  the  form  of  kinetic  energy  in  our  rivers  or  in  the 
form  of  chemical  energy  in  plants  and  other  organic  sub- 
stances, the  one  running  to  waste  all  the  time  {i.e.  being 
transformed  into  bound  energy),  the  other  one  stored. 
Where  kinetic  energy  is  available,  as  in  water  and  wind, 
the  transformation  into  electric  energy  is  ideal.  The 
efliciency  of  the  process  of  transformation  is  fairly  high, 
and  the  capital  ouday,  especially  where  high  velocity  can 
be  obtained,  comparatively  low  (with  the  exception  of 
tidal  works  where  large  masses  have  to  be  employed,  since 
the  potential  energy  per  volume  is  small).  Efficiencies  of 
say  90  per  cent  can  be  commercially  obtained. 

Where  chemical  energy  has  to  be  transformed,  the 
efficiency  of  transformation  is  still  low,  and  it  is  to  be 
hoped  that  in  time  either  some  more  efficient  mechanism 
of  transformation  may  be  found,  or  that  it  may  be  possible 
to  transform  the  energy  of  radiation  direct  into  electrical 
energy,  without  the  intermediate  steps  of  heat  and 
mechanical  energy,  each  one  of  which  is  of  course  a  source 
of  loss.  The  direct  transformation  of  chemical  into 
electrical  energy  through  primary  cells,  and  of  heat  into 
electrical  energy  by  thermo  batteries,  whilst  useful  for 
specialized  purposes,  is,  on  account  of  the  relatively  small 
energies  which  come  into  play,  of  secondary  importance. 

(2)  Transmission. 

The  transmission  of  electrical  energy  can  be  accom- 
plished with  a  higher  efficiency  than  that  of  any  other 
form  of  energy  (except  electromagnetic  radiation).  We 
can  construct  transmission  lines  50  or  100  miles  long  having 
85  to  90  per  cent  efficiency,  and  we  could  transmit  electrical 
energy  over  still  greater  distances  if  free  energy  became  so 
scarce  that  a  higher  capital  outlay  for  the  transmission  line 
would  be  advisable.  The  only  alternative,  transmission  by 
radiation,  whilst  practicable  and  carried  out  for  small 
amounts  of  energy,  is  yet  impracticable  for  large  quantities, 
for  the  same  reason  that  light  cannot  be  transformed 
conveniently  into  electrical  energy,  i.e.  because  an  efficient 
mechanism  of  transformation  has  not  yet  been  discovered. 
An  excellent  potential  field  for  research  is  here  open. 

(3)  Application. 

The  re-transformation  of  electrical  energy  into  other 
forms  of  energy  is  to-day  so  well  known  that  energy  can 
be  obtained  in  all  the  forms  in  which  we  can  apply  it. 

Light. — This  is  produced  relatively  with  efficiency,  since 
we  can  conveniently  obtain  high  temperatures  at  which  the 
ratio  of  light  rays  to  heat  rays  is  great,  i.e.  the  transformation 
losses  are  low.  We  produce  it  cheaply  because  of  the  low 
losses  in  transmission   and   transformation  ;   furthermore, 


because  the  method  of  starting  and  stopping  is  simple, 
can  be  carried  out  at  a  minimum  cost,  and  can  be  effected 
by  remote  control.  We  produce  light  without  the  bad 
influence  on  human  organisms  exercised  by  all  other 
methods  which  rely  on  the  oxidization  process.  It  is  clear 
that  tliesc  facts  make  us  work  more  efficiently,  inde- 
pendent of  movement  of  the  sun,  i.e.  of  day  and  night  ; 
they  also  obviate  to  a  certain  extent  the  differences  be- 
tween the  seasons  in  countries  of  liigh  latitude,  increase  our 
efficiency  for  work  indoors  and  underground,  and  prolong 
in  general  the  time  of  work  and  of  life  under  suitable 
sanitarj'  conditions. 

Heat. — As  in  the  case  of  light,  heat  is  produced  without 
creating  fumes,  without  a  long  period  for  starting  and 
stopping,  with  the  possibility  of  remote  control  and  of  easy, 
simple,  and  efficient  regulation.  For  domestic  purposes 
of  heating  and  cooking  we  are  only  at  the  beginning  of  the 
development.  For  industrial  purposes,  it  need  only  be 
stated  that  electrical  energy,  beside  the  advantages  already 
mentioned,  allows  us  to  produce  higher  temperatures 
than  by  any  other  known  means,  and  that  it  allows  us 
to  concentrate  heat  on  limited  areas  better  than  in  any 
other  known  manner.  Electrode  furnaces  and  induction 
furnaces  were  developed  to  apply  heat  in  this  way.  This 
knowledge  has  given  us  anew  metal  in  aluminium,  and  has 
enabled  us  to  produce  high-class  steel  electrically,  to  melt 
quartz,  to  manufacture  calcium  carbide,  carborundum,  and 
graphite,  and  to  fuse  and  weld  metal.  It  has  presented  us 
with  all  the  advantages  connected  with  the  application  of 
these  materials  in  their  new  or  cheapened  form,  and  has 
therefore  resulted  in  their  more  general  use. 

Chemical  energy. — By  passing  the  current  into  solutions 
containing  copper,  silver,  and  gold,  these  metals  are  refined. 
We  are  able  to  reduce  them  from  low-grade  ores,  by 
electrolytic  methods,  such  as  gold  by  the  cyanide  process. 
The  great  increases  in  the  industrial  consumption  of  such 
metals,  for  instance  of  copper  (42,000  tons  in  1870  to 
700,000  tons  in  1907,  with  a  price  reduction  from  ^£105  in 
1870  to  ;^65  per  ton  in  1907),  have  only  been  rendered 
possible  because  electro-chemistry  allowed  us  to  work  up 
lower-grade  deposits  of  copper  by  economic  methods. 
Zinc  and  lead  are  produced  in  a  similar  way. 

Gold,  silver,  and  copper  can  be  deposited  by  means  of 
the  electric  current  :  the  origin  of  the  plating  industry. 
We  produce  oxygen  and  hydrogen  for  oxidizing  or  reduc- 
ing processes  in  connection  with  numerous  industrial 
applications,  like  the  bleaching  of  cotton  and  paper,  and 
for  sterilization  purposes.  By  electrolytic  processes  we 
produce  caustic  soda.  We  separate  the  nitrogen  out  of 
the  air  and  make  nitrates  to  fertilize  the  soil.  We  produce 
chemical  energy  for  the  growth  of  those  plants  which  we 
can  assimilate  in  our  human  organism,  so  as  to  replace  the 
free  energy  which  we  spend — a  long  row  of  energy  trans- 
formations this  last  series — from  the  corpuscle  energy 
which  in  the  electric  arc  combines  nitrogen  and  oxygen 
from  the  air,  until  it  becomes  mental  or  muscular  energy 
in  our  body. 

Only  when  we  look  closely  into  transformations  of 
energy  such  as  that  just  mentioned,  does  it  become  clear 
to  us  that  such  a  series  of  immensely  complicated  trans- 
formations can  only  be  performed  by  extremely  fine  trans- 
mission apparatus,  with  energies  highly  concentrated  in 
small   masses,  and   that   the    dynamic    energy   of   larger 
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knowledijc  of  electrical  matters  and  especially  the  theory 
of  etherr  or,  as  we  know  it  now,  of  the  corpuscle,  has 
enabled  us  partly  to  prove  existing  laws  in  organic  matter, 
and  partly  to  form  pictures,  working  hypotheses  for  chanis 
of  facts,  "which  otherwise  could  hardly  be  understood. 

Amongst  a  few,  the  mechanism  by  means  of  which  our 
senses   r'eceive  and  transmit  an   external  stimulus  to  the 
central  organ  of  the  brain,  and  how  they  respond  to  an 
internal  stimulus,  has  been  explained.     It  has  been  found 
that  the  tissues  of  vegetable  and  animal  matter  respond  to 
any  external  stimulus  of  heat,  radiation,  or  other  electrical 
or  "mechanical  energy  in  a  dct^nite  way,  which,  if  not  con- 
stituted, is  at  any  rate  accompanied   by    a   movement  of 
corpuscles,   a   movement    that   can    be   galvanometrically 
measured.     The  influence  of  strength  of  stimulus  as  pro- 
ducing a  definite  strength  of  sensation,  positive  or  negative, 
its  change  with  the  dying  of  the  tissue,  its  alteration  when 
conducth-ity  is  altered  by  anaesthetics,  and  its  strength  when 
produced  by  internal  energy  of  the  human  body  as  agamst 
an  external  one,  have  been  ascertained,  and  in  this  way  we 
have  definitely  established  some  laws,  showing  that  in  the 
human  body  the  receiving  and  transmitting  mechanisms  are 
of  partly  electrical  nature.     There  are  scientists  who  go  so 
far  as  to  say  that  they  consider   all    processes   of   livmg 
matter  are  produced  by  corpuscles,  such  as  growth,  con- 
traction of  muscles,  genesis,  etc.,  or,  as  Arrhenius  says,  "  It 
is  the  ions  which  work,  they  produce  contraction  in  heart 
and  muscle."     Biologists  and  psychologists  have  actually 
explained  memory,  inheritance,  and  telepathy,  by  means  of 
the  vibration  of  electrical  corpuscles,  and  if  these  explana- 
tions are  far  from  conclusive,  it  must  be  confessed  that 
they  give  a  better  picture  of  the  facts  than  any  other  yet 
in  exTstence.     If  through  this  better  understanding,  only 
some  of  the  factors  that  influence  these  phenomena  can  be 
definitely    ascertained   in    regard   to   quantity   or   quality, 
and  be  "thereby  made  amenable  to  our  influence,  an  nn- 
mense  vista  of"  new  tasks  would  be  in  front  of  electrical 
engineering. 

Electrical  engineering  in  mastering  matter  is  trying  to 
probe  into  the  mechanism  of  living  organism  and  into 
problems  which  concern  the  human  body  and  mind.  In 
every  result  which  they  have  achieved,  and  in  every  further 
one  that  they  may  unravel,  these  endeavours  mean  an 
increase  in  the  efficiency  of  the  individual. 

I  have  thus  already  started  on  the  last  proof  that  I  have 
to  give  for  the  mission  of  electrical  engineering,  namely,  its 
intTuence  on  improving  the  collective  efficiency  of  mankind. 
It  is  clear  that  the  last-mentioned  problems  are  of  as  much 
importance  for  human  society  and  its  efficiency  as  for  the 
individual. 

I  have  shown  that  electrical  engineering  has  acted  as  a 
great,  perhaps  the  greatest,  democratizing  agent.  It  has 
taught  us  to  make  full  use  of  the  materials  and  energies 
available,  and  thus,  on  the  one  hand  by  cheap  production, 
and  on  the  other  by  cheap  transportation,  has  made  com- 
modities and  tools,  which  were  the  properties  of  the  few,  the 
tools  and  properties  of  the  masses  of  mankind. 

Us  second  influence  consisted  in  replacing  to  an  ever- 
increasing  extent  manual  labour  by  other  available  energies, 
thus  conferring  a  further  boon  on  mankind  by  allowing  us 
to  spend  our  energy  more  and  more  in  a  form  which  we 
are  allowed  to  call  a  higher  one— mental  energy.  The 
very  great  progress  in  science  during  the  last  century  is 
largely  due  to  this  fact.     Science  and  knowledge,  through 


this  emancipation  of  mental  energy,  have  become,  from 
the  labour  of  the  few,  the  labour  of  many. 

In  conclusion,  I  wish  to  refer  to  a  third  factor  contribut- 
ing to  the  efficiency  of  the  human  race.  This  efficiency, 
as  has  been  already  pointed  out,  greatly  depends  on  the 
universal  spreading  of  knowledge  or  experience  that  has 
been  gained  by  individuals  either  in  theory  or  application. 
Such  knowledge  originally  adhered  to  the  individual  until 
language  enabled  him  to  communicate  with  his  fcllow-incn, 
until  the  written,  and  later  on  the  printed  sign  allowed  him 
to  hand  it  over  to  a  greater  and  greater  number.  To-day, 
the  knowledge  of  one  individual  can  be  within  an  hour  the 
knowledge  of  mankind  in  all  distant  parts  of  the  globe. 
The  transmission  of  messages  by  electric  currents  in  a  cable 
or  by  radiation  in  wireless  telegraphy  has  removed  the  time 
factor  and  the  factor  of  distance  in  the  spreading  of  know- 
ledge throughout  the  universe. 

Though  the  picture  is  not  complete,  I  think  I  have  shown 
that  electrical  engineering  has  led  to  a  better  understand- 
ing, a  more  extended  and  a  more  efficient  use  of  nearly  all 
existing  matter  and  energy.  It  has  led  to  a  better  understand- 
ing of  animal  and  human  organisms  and  problems.  It  has 
bridged  space  and  time  and  minimized  their  influence 
where  they  become  resistance  factors  against  energies 
mental  and  physical,  it  has  increased  the  efficiency  of  indi- 
viduals and  of  society,  and  it  has  therefore  established  its 
claim  to  be  one  of  the  most  valuable  factors  in  the  progress 
of  mankind. 

For  the  electrical  engineer,  however  small  and  however 
unimportant  his  specialized  work  may  often  appear  to  him 
to  be,  this  knowledge  should  be  a  profound  source  of  satis- 
faction and  happiness  and  a  spur  to  increased  activity. 
Happiness,  if  we  look  at  it  purely  from  the  energy  point  of 
view,  should  of  necessity  be  such  a  spur.  It  acts  as  a  tonic, 
that  is,  either  in  the  form  of  better  conductivity  between  the 
brain  centres  or  in  our  receiving  apparatus  of  nerves,  or  in 
our  electromechanical  transformer  of  muscles,  or  in  general 
as  a  better  efficiency  of  all  the  energies  which  we  accumu- 
late in  our  system  and  which  we  spend  mentally  and 
physically. 

Happiness  has  been  defined  as  the  product  of  human 
energy  spent  and  progress  (positive  or  negative)  achieved 
by  an  individual  or  a  class. 

The  knowledge  of  what  as  a  class  we  have  accomplished 
should  therefore  act  as  a  stimulant  to  further  work.  Whilst 
we  have  as  a  definite  achievement  a  picture  which  describes 
the  world— matter  in  all  its  varialions— much  remains  to  be 
cleared  up,  from  the  structure  of  the  atom,  the  mechanism 
of  the  corpuscle,  and  the  problem  of  continuity  which  Sir 
Oliver  Lodge  has  put  before  us,  to  the  knowledge  of  the 
mechanism  of  the  transforming  apparatus  for  the  various 
energies  and  the  actual  construction  of  such  apparatus. 
Much  also  remains  to  be  done  from  the  design  of  machinery 
for  the  increased  concentration  of  energy  in  all  its  forms 
to  the  design  of  machinery  for  the  thousand-and-one  forms, 
applications  for  which  we  have  to  specialize  so  as  to 
embrace  an  ever-increasing  knowledge,  and  to  study  an 
ever-increasing  variety  of  applications  of  that  all-pervading 
substance  which  we  call  electricity,  ether,  corpuscle,  and 
which  forms  and  means  the  universe. 

In  this  sense  the  profession  of  electrical  engineering,  the 
history  which  led  up  to  it,  the  tasks  which  it  has  accom- 
plished, and  the  problems  which  it  still  has  to  conquer, 
should  be  understood. 
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In  order  to  dctcrimiic  the  pnmary  current  from  the 
reading  oi  the  ammeter  in  the  secondary,  it  is  necessary 
that  the  ratio  (primary  current )/( secondary  current)  be 
known  ;  and  it  is  desirable  Uiat  this  ratio  remain  iicarlv 
constant,  independent  of  the  current  throujihout  the  raiijjc 


rrent   transfoinicr   is   used   in  connection 

the  determination  of  power,  or  with 

■•  I  the  measurement  of  energy,  in  addi- 

'>"«  1  c  ratio  the  phase  of  the  secondary  current 

with   i    to  the  primary  current  must  be  known. 

I  his  angle  should  preferably  be  small. 

The    \et.tor    value    of    the    voltage    generated    in    the 
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12)  The  II;  .  ^uricul,  11,  ,   winch  is  in  phase  with 

the  flux,  its  1 '    .  ihc  latter  being  shown  in  Fig.  t. 

(3)  The  current,  h,  supplying  the  hysteresis  loss.  This  is 
given  by  K.'  I.=  K.  '♦'♦;  or.  substituting  E,'=  ^'jw/*«„ 
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where  /sBs  frequeno , 

'  = '■  and  L  =  sclf-iiiductance  of  lo.id, 

*■•=  and    L,  =  leakat>c    of     transformer 

>c<.oiiiiary, 

I.  =  vector   value,  and  I.  the  R.M.S.   \-alue,  of   the  This  current  is  in  quadrature  (leading)  with  the  flux      K^ 

current    in    the    secondary    winding  of    the   j    depends  on  the  quality  and  volume  of  the  iron  coic.  and  at 
transformer.  ,he  low  !'  cd  in  the  current  transformer  cannot 

The  maximum  value  of  the  flux  required  to  generate  this       ^  '^" 
•  jitage  is 


K. 


(4)  Tht  curicut,  J„  supplying  the  eddy-current  loss,  given 
by  E,'  I.  =  K./*V.   Substituting  for  E.'.  1.  =    jf* '     ^  ^^d 
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•here  n,  is  the  number  of  turns  on  the  secondarv.     The  K.  dcpend>  on  the  quality  and  volume  of  the  uoo 

flns  vector   is  in   quadrature   (leading)  with   the   electro-  and  aK  .f  tile  thickness  of  • 

motive-force  vector  E,'.  the    ctl  -    in    the    copper    . 

Subrtituting  for  E,'.  neglected. 

The  value  of  the  total  primary  current  i< 

VOU53.  1  =  1. +  •-  +  !.  + 1.  ^^ 
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Rcsolvinij  into  components  icspectively  in  phase  and  in 
quadrature  witli  llic  llux, 

i=(i.|+..,0  +  '(i.^i.+  .,) 

where  X  =  2  tt./  (L  +  L.), 
R  =  r  +  n, 

and       Z  =  JWT^. 
The  core-loss  current  is  given  by  I,  =  U  +  !<• 


The  exciting  current  is  given  by  I„=  y/l/  +  !,„=. 
Substituting   in   the   above   equation,  the  total  primary 
current 

where  I,,,,  and  I„  are  the  magnetizing  and  core-loss  cur- 
rents referred  to  the  secondary  of  the  transformer. 
The  numerical  value  of  I  is 


^   ,   2l,(XI,.,-hRl„)   ,   ^, 


where  I„  is  the  exciting  current  referred  to  the  secondary 
of  the  transformer. 
The  ratio  is 
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The  angle  of  lead  of  the  primary  current  with  reference 

to  the  flux  is 
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Now  the  angle  of  lead  of  I,  (the  primary  component 
balancing  the  secondary  load  current)  with  reference  to  the 
Hux  is  tan-"  R/X.  Hence  the  phase  of  I,  leads  that  of  I  by 
the  angle 
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Determin.^tion  of  Constants. 
The  relation  of  },„,,  I„,  and  I„  to  the  generated  voltage 
is  determined  bj'  an  open-circuit  test.  The  secondary 
winding  is  connected  in  series  with  a  low-range  ammeter 
and  a  wattmeter  current-coil  to  the  line.  Tlie  potential 
coils  of  the  wattmeter  and  of  a  voltmeter  are  connected 
to  the  transformer  terminals.    Readings  of  amperes,  volts, 


and  watts  are  taken,  and  the  "active"  and  "reactive" 
currents  are  calculated. 

The  reactive  current  is  I,,,^. 

The  active  current,  corrected  for  the  current  in  the 
meter  pressure-coils,  is  I„.         _^^__^ 

The  exciting  current,  I^,  is  »yi;„,  +  I;',. 
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Fig.  2. 


The  equivalent  impedance,  reactance,  and  resistance  of 
the  primary  and  secondary  windings  in  series,  taken  with 
the  primary  short-circuited,  may  be  calculated  from  the 
readings  of  the  voltmeter,  ammeter,  and  wattmeter. 
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The  secondary  leakage  reactance  is  approximately  one- 
half  of  the  total  reactance.  The  secondary  resistance  may 
be  estimated  similarly,  but  is  preferably  measured  with 
continuous  current. 

The  resistance  and  reactance  of  the  meters  and  leads  are 
obtained  from  the  readings  of  the  voltmeter,  wattmeter, 
and  ammeter,  when  the  secondary  circuit  is  closed  through 
them  and  the  primary  winding  is  excited. 

The  numerical  values  of  the  ratio  and  phase  angle  may 
be  obtained  by  substitution  in  the  respective  expressions. 

Figs.  2  and  3  give  the  results  of  the  open-circuit  and 
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rcMstance  of  t'-         ■   -dan'  circuit.     (Actitil  obscrN-ations 
give  rc»ulli  c  losclv  with  the  calculated  curves.) 

T!  Ill  tlic  ph.4ie  angle  arc  of 

thr<  V    general  citcci  cf   u-'-!- 

:  alxj  of  magncluii 
currents  mi  the  rui; 
phase  angle  ol  the  traiisloriucr  ;  but  fur  practical  purpoMr>. 
since  It  IS  diflicull  to  measure  L.  accurately,  it  is  better  tu 
determine  the  ratio  and  the  phase  angle  corresponding  to 
the  particular  conditions  of  a  measurement,  that  is.  with 
the  same  in>truments,  leads,  frequency,  wave-form,  and 
lentpcrature. 

The  ratio  and  the  phase  angle  under  acltial  conditions 
ma%  :iiently  measured,  with  an  ac>. 

for  purposes,   by    means   of   a 
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The  iron  used  in  modern  instrument  transformers  U  of 

such  excellent  quality,  j,.   '  \    so 

thin    I'lat  I.  and  I,  arc  ci  a»e 

'.<resents  a  IcmI  ui  iLc  ac<.wi)«Ui>  uici  the 

Previous  magnetic  treatment,  such  as  a  1.  .j»A 

suddenly  remove<l,  superimposed  ci'him-u.  u-  ^  ic, 

has  a   marked   effect   on   the   ma^:  -o^ 

current-,  and  hence  also  on  the  raim  auu  un  ju..-i  .tugte. 
llcfiTc  use,  therefore,  the  iron  of  the  current  transformer 
>hould  lie  brought  to  a  neutral  ci  :  -    the 

-roondary  circuit   and   putting   lu..  ary. 

imary  current  then  being  contii»uotiM>  i«»li*ttd  to 


272 


PROCEEDINGS   OF    10   DECEMBER,   1914,   AND   14  JANUARY,   1915. 


PROCEEDINGS    OF    THE    INSTITUTION. 

ORDINARY   MEETING   OF   10   DECEMBER,   1914. 

Proceedings  of  the  572nd   Ordinary  Meeting  of  The    Institution  of   Electrical  Engineers 
held  on  Thursday,    10  December,    19 14 — Sir  John   Swell,    President,  in  the  chair. 

The  minutes  of  the  Ordinary  Meeting  held  on  26  November,  1914,  were  taken  as  read,  and 
contirmed. 

The  Hst  of  candidates  for  election  and  transfer  approved  by  the  Conncil  for  ballot  was  taken  as  read, 
and  was  ordered  to  be  suspended  in  the  Hall. 

The  President  :  I  was  unable  to  refer  at  our  last  meeting  to  the  news  which  we  heard  just  before  that 
meeting  of  the  loss  to  our  Navy  of  H.M.S.  Bulwark.  The  Commander  of  that  vessel,  Captain  G.  L.  Sclater, 
had  been  a  Member  of  this  Institution  since  1903,  and  took  a  very  great  interest  in  electrical  matters. 
Although  he  did  not  die  lighting,  he  gave  his  life  quite  as  much  in  the  service  of  King  and  country  as  if  he 
had  done  so.  I  therefore  ask  you  to  pass  a  vote  of  condolence  to  his  widow  and  relatives,  by  all  standing 
in  silence. 

The  resolution  was  duly  passed. 

A  paper  by  Mr.  E.  B.  Wedmore,  Member,  entitled  "  Automatic  Protective  Switchgear  for  Alternating- 
cuixent  Systems"  (see  page  157),  was  read  and  discussed,  and  the  meeting  adjourned  at  9.45  p.m. 


ORDINARY   MEETING   OF  14   JANUARY,   1915. 

Proceedings  of  the  573rd  Ordinary  Meeting  of  The  Institution  of  Electrical  Engineers, 
held  on  Thursday,  14  January,  1915 — Mr.  J.  S.  Highfield,  Vice-President,  in 
the  chair. 

The  minutes  of  the  Ordinary  Meeting  held  on  10  December,  1914,  were  taken  as  read,  and 
confirmed. 

The  Ch.\iriMan  :  Owing  to  the  illness  of  the  President,  Sir  John  Snell, — not  serious  illness,  I  am  glad  to 
say — I  have  been  asked  to  take  the  chair  to-night. 

Messrs.  A.  G.  Collis  and  W.  E.  Butcher  were  appointed  scrutineers  of  the  ballot  for  the  election 
and  transfer  of  members,  and,  at  the  end  of  the  meeting,  the  result  of  the  ballot  was  declared  as  follows  : — 


Members. 
de  Souza,  Edgard  Egydio. 
Vyvyan,  Richard  Norman. 

Associate  Members. 
Blair,  Frank. 

Bridger,  Thomas  William. 
Climie,  Henry  Riclmiond. 
Fuller,  Algernon  Clement,  Capt.,  R.  !•; 
Laurie,  Donald  Saunders. 
Parker,  William  Leonard. 

Associate. 
Harris,  Douglas  Gordon. 

Graduates. 
Atkins,  Sidney  James. 
Briggs,  John  Cockbain. 
Dawson,  William  John  M. 
Edgar,  George  Thomas. 
Fairfield,  Thomas  James. 
Grover,  Charles. 


Elections. 

Graduates — continued. 
Houghton,  Samuel  Birchall. 
Kemp,  Henry  Donald. 
Lewis,  Edward. 
Little,  Douglas. 
McGuinness,  Charles  Joseph. 
Manley,  George  Thomas. 
Pettifor,  Walter  Hayward. 
Prescott,  Charles  William  W. 
Rose,  Percy  Thomas. 
Winter,  Harry  Norman. 

Students. 
Baxter,  William  Morley. 
Brazel,  Claude  Hamilton. 
Chowna,  Cawasji  Pallonji,  B.A. 
Cole,  Norman  Henry. 
Dancy,  Wilfrid. 
Dowerah,  Bidyananda. 
Doyle,  Henry. 
Farmer,  Claude  Douglas. 
Fiske,  Alfred  Reginald. 


Students — continued. 
Ford,  William  Arthur. 
Freedman,  Paul. 
Garland,  Cecil  Clifford. 
Grainger,  Otto  W. 
John,  William  James. 
Jones,  John  Williams. 
Jones,  Leslie  John. 
Kerr,  Philip  Cameron. 
Lye,  Donovan  Henry  C. 
Messer,  William  G. 
Murray,  Leslie  E.  Ruthven. 
Needham,  Joseph  Frank  W. 
Parkinson,  Arthur  Muir. 
Pearce,  James  George. 
Rau,  M.  R.  Raja,  B.A. 
Rcndle,  Gerald  Alfred. 
Schroeder,  Francis  Herbert. 
Sheldrick,  John  Engledow. 
Stevens,  George  Carson. 
Tirunarayanan,  M.  B.,  B.A. 
Vaidya,  Mahadev  Vaman  P.,  B.Sc. 
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llUKkrticv 

.1  U'  JH,mr-,i  '  iff  tirmhti  ^  ""'" 

l». 

Mrmrn  KtU -       -    --    - 

Haillcv,  Oc  1. 


Aaetntlt  to  Atitfaalf  Ue-mSn 


Hull.  A'  -lW»rtcn 

Maiiii    I  ivobrrt  (i. 

XI  < 
Johnrion,  Aixhihald  j^,  -ihiptoi 

U.  >.  U  hiiK 

Bndy.  Chn»tof>licr  ].  Sliannon,  Jotcpli  Herbert. 

Mr   \V.  M.  .MuKiiic\  :  It  is>  our  custom— and  1  think  you  will  aRtcr  it  i<*  »  fittiiig  cue— <l»:it  a  lew  wofd* 
'c-  &ud  here  (HiMiilv  when  .i  piuiiccr  in  our  brunch  ol 

:     ..         '  '  'rfcr  to  the  lu»%  which  the  lii>litulion  has  sustained  in  —  — ..   k- - 

was  not  pcrsoiiollv  known  to  in.inv  oi  you  ;  he  was  a  very  old  inaii  when  he  died,  and  be  ha« 

till  .1  I.  ''  '  ol  a  Kf^^*  '"*"  ""** 

,  ;  birth,  li  ■-•8      He  died  ill    .  '»e 

Jiid  Novenil^cf  last.     He  was  thereiore  H6  years  old.     He  came  to  England  on  a  holiday  at  the  time  ui 

the    1851    E.vhibitioii,   .111.1   was  so  impressed  by  our  free   1     ■  •   •     is  that   he  settled    her-    '-     ■-'   a 

natiirali/cd   Hrilnii  111   iSfiy.     He  was  associated   with   this   I  .   almost   from  the  Iv  ug 

r  in  1S75.     He  was  on  the  Council  ..  :  tor  u  years  bctwec:  *  ■** 

Ji    -  ....     1  irom  iHyo  to  iHy6.     He  was  aJs     ;1 iry  Auditor  ol  the  lit •'* 

yean  from  i8qo.     To  show  that  his  was  a  real  and  practical  interest,  1  may  mention  that  he  bequeathed  j^ajo 

>f  the   Institution   and  .^^50  t"   the    I!  'JT 

.  ..    ;.  .^:li  b;ick  will   Iv  aware  of  .Mi    Su    lis  l1  ^"t 

of  telegraphy.  Soon  after  he  came  to  England  he  became  associated,  as  mechanicuiii  and  assisiant.  with 
Sir  Charles  WTieatstonc.  with  whom  he  c  >||aborated  in  the  carrNnn^;  out  to  success  of  maiiy  practical 
invcntioiiN.  The  well-known  .\  B  C  telegraph  instrument,  which  is  >till  in  use  t'  a  ccrt:un  extent,  is  known 
by  the  name  of  Whcatstoiie,  but  it  is  recognized  that  the  carrying  out  of  that  Iv  '''"■ 

mechanism  was  largely  due  to  .\iigustus  Stroh,  who  also  carried  out  the  developmeiii    --  uid 

ver\'  successful  piece  of  telegraphic  apparatus  which  is  still  largely  used  by  the  Post  Oftice  here  and  m  other 

:  to  the  Wheatstone  automatic  hiuli-->pcc<l  For  this  work  he  was 

Medal  by  ihe   Inleriialional   Jury   oi    tla-    I  ^7S      His  work  was  not 

coiihncd  to  electrical  and  mechanical  invention.     He  devised  instruments  for  use  in  almost  all  branches  of 

phy-^cs.     He  was   a  scientific  mechanician  of   the  very  highest  qualities.     When   he  was   a  y-oung  man 

in  Ciermaiiy  it  is  related  that  he  was  known  amongst  his  comrades  in  the  clock  industry  in  which  he  began 

life  as  "  the  prince  of  mechanicians,"  and  anyone  who  knew  him  and  knew  his  work  will  agree  that  that  u-as 

a  well-deser\'ed  title.     All  his  yvork  yva-  distinguished   by  the  very  greatest   nicety,  accuracy,  skill,  and 

ingenuity.     He   made,   I    sup|H>sc,   hundieds   of   inventions.     The   factory  which   he   established   for   the 

A  n  inventions  and  ol   t'  by 

I  then  retired  troiii  bii-  'ts 

in  mecliaoics  and  in  electricity.     I  am  afraid  I  am  one  ol  the  few  here  to-night  who  remember  the  (viper  he 

. '  '    •        ■'      !     •  •   •      I  in  i88j  on  "Attraction  and  Repu!  '       *     ^"  ''  '      ■  '    i  Com- 

.  with  those  of  Magnciism"  •     li  w..  inents, 

earned  out  by  the  author  with  unfailing  success — a  striking  demonstration  ol  ingenuity   and  man;, 

skill.     The  well-illustrate<l  account  in  the  Journitl  may  Ixr  referred  to  with  interest  and  probt.     11 

oocasionallv  took  ixirt  in  our  discussions,  principallv  on  telephoi.ii.  and  microphonic  nwtter^     Heyi"asalu-a>"S 

acl         ■      '  • 

bci 

of  the  death  of  Hughes.     In  musical  matters  Stroh  also  took  a  great  interest.     He  w.»s  associated  vnxh 

•  Journal  l.t.L.,  vui.  ll.  p.  I9S.  HXU- 
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Wheatstone  in  the  invention  of  what  is  called  the  English  concertina — an  instrument  that  I  believe  musical 
fieople  consider  is  really  a  musical  instrument.  He  also  in  comparatively  recent  years  invented  what  is  known 
as  the  Stroh  violin,  in  which  there  is  no  body,  the  vibrations  being  transmitted  to  a  diaphragm  provided  with  a 
trumpet.  As  to  his  personal  qualities,  of  which  modesty  and  kindliness  were  pre-eminent,  I  can  only  say  that 
nobody  could  know  him  without  liking  him  very  much.  I  do  not  think  I  can  close  these  remarks  Ijetter 
than  by  reading  to  you  a  few  words  from  a  notice  of  Mr.  Stroh  in  Engineering  of  a  month  ago,*  written  by 
Mr.  Conrad  Cooke,  who  knew  him  intimately  :  "  So  has  passed  away  a  man  who,  although  his  name  was 
practically  unknown  to  the  general  public,  was  truly  a  great  man  ;  for  his  inventions,  several  of  which  are  of 
the  highest  importance,  may  be  counted  by  hundreds.  His  house  remains  a  monument  to  the  fertility  of  his 
inventive  genius,  for  it  contains  hundreds  of  the  most  delicate  instruments  devised  by  himself,  and  made  with 
his  own  hands,  all  exhibiting  a  perfection  of  workmanship.  It  was  the  extraordinary  modesty  of  Mr.  Stroh — 
amounting  to  almost  self-effacement — that  prevented  him  from  having  the  highest  honours  conferred  upon 
him.  He  was  always  not  only  ready,  but  eager,  to  place  his  unrivalled  skill  as  a  mechanician  at  the  disposal 
of  all  his  friends,  and  he  will  be  missed  for  a  very  long  time  by  a  coterie  of  admirers,  for  he  won  the  esteem 
and  affection  of  all  who  had  the  privilege  to  know  him." 

A  paper  by  Messrs.  S.  P.  Smith,  D.Sc,  Associate  Member,  and  R.  S.  H.  Boulding,  Student,  entitled 
"  The  Shape  of  the  Pressure  Wave  in  Electrical  Machinery  "  (see  page  205),  was  read  and  discussed,  and  the 
meeting  adjourned  at  9.50  p.m. 

*  Engineering,  vol.  98,  p,  599,  1914. 
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COMMISSIONS  IN  ROYAL  GARRISON  ARTILLERY. 

The  President  is  informed  that  the  vacancies  for  com- 
missions in  the  Royal  Garrison  Artillerj'  for  which,  at  the 
invitation  of  the  War  Office,  he  recently  nominated  a 
number  of  young  engineers  have  all  been  filled  for  the 
present. 

ENGINEER   UNITS— ROYAL    NAVAL    DIVISION. 

The  Adjutant  has  written  to  the  Secretary  of  the  Institu- 
tion as  follows  : — 

With  further  reference  to  the  matter  of  commisions  I 
have  to  inform  you  that  in  view  of  the  fact  that  this  Unit 
will  be  leaving  for  active  service  at  no  very  distant  date, 
it  has  been  decided  that  no  N.C.O.  or  man  is  to  be  allowed 
to  leave  the  Unit  for  the  purpose  of  taking  up  a  commission 
in  another  branch  of  H.M.  Forces  except  by  the  direct 
permission  of  the  G.O.C.  i/c.  This  consent  will  only  be 
granted  in  very  special  cases. 

I  think  it  is  only  fair  that  any  members  of  )'Our  Institu- 
tion who  are  considering,  the  question  of  joining  this  Unit 
should  be  made  aware  of  the  above. 

ACCESSIONS   TO   THE    REFERENCE    LIBRARY. 
Archbutt,  L.,  and  Deelev,  R.  M.     Lubrication  and  lubri- 
cants.     A   treatise    on    the   theory   and    practice    of 
lubrication,  and  on  the  nature,  properties,  and  testing 
of  lubricants.       3rd  ed.     8vo.     635  pp.     London,  1912 
Avery,  A.  H.    Auto-transformer  design. 

8vo.     68  pp.     London,  1909 


Avery,  A.  H.     Dynamo  and  electric  motor  building 
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Batstone,   S.    C.      Electric-light   fitting.      A   treatise   on 
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THE    SIXTH    KELVIN    LECTURE. 


LORD    KELVhS'S   WORK   ON    GYROSTAT  I CS. 
By  Professor  A.  Gkay,  LL.D.,  K.R.S.,  Member. 

(I^ih4re  JetntTut  18  JauUiMry,  1915. 


I.  GvRosTATic  Experiments  in  the  Glasgow 
Class-room. 

When  I  was  a  student,  and  afterwards  wlien  I  was  an 

assistant  at  Glasgow,  Lord  Kelvin  lectured  to  his  ordinary 

> '.  .  -  twice  a  week,  when  he  was  not  called  away,  and  his 

I  ct  was  dvnamic-i.     About  the  middle  of  the  session 

ice  on  the  lecture-table,  and 

>  .  experiments  wliich  tilled  us 

\m;::  ittii^i  I   .1:.  I  ;.;vrostatic  questions  in  the  weekly  class- 

cs;.iinuiai;,jiis  which  were  equally  productive  of   dismay. 

These  gyroslatic  questions,  like  many  of  our  exercises  in 

natural  philosophy,  were  often  of  a  numerical  character. 

It  is  always  a  good  thing  to  get  down  to  numbers,  and  it  is 

ilthful  mental  discipline  to  he  forced  to  "  get  the 

.1."      Our  equipment  for   the  solution   of   these 

was    of  test,    for    Lord    Kelvin   was 

■  keenly  a;  11  observing  the  behaviour  of 

the  apparatus,  that  he  rather  frequently  forgot  to  give  us 

the  full  dynamical  explanation  of  the  curious  evolutions 

which  we  beheld.     I  well  remember  how  puzzled  I  was 

1  ..  .,     -._  .^  which  wc  had  placed  before  us,  that  the  rate 

round  of  the  axis  of  a  g)'roscopc  in  azimuth  was 

t   the  moment  of  the  applied  couple, 

:ixis  perpendicular  to  tlie  axis  of  rola- 

m  of  the  flywheel.     I  could 

lion  of  angular  momenta, and 

.  see  that  the  axis  of  resultant  angular  momentum 

— .J  at  tliat  rate;  but  why  should  that  also  be  the  rale 

<.>f   turning  of  the  axis  of  figure  r     That  was  my  special 

ili"i    .'■  '  :[  was  only  afterwards,  when  1   got  the  idea 

jn,  and  saw   how  the   general   equation  is 

•jw  It  breaks  down  into  the  conditions  for 

that    the    matter    became  clear.      Then    I 

-r,  that  in  the  general  c;isc  there  are  two 

\  i  turning.     It  is  a  good  thing  to  stimulate 

tile  curiosity  of  a  student  and  to  make  him  tiud  out  things 

Vol.  53. 


for  himself  -  it  is  nlso  3n  excellent  thing  (o  anticipate  hii 
di'  '   lest  he  grow  weary  and  faint  by 

\\:  .  .y. 

The  lectures  that  wc  ttad  were  undoubtedly  most  in- 
teresting and  suggestive,  though  they  were  not  perhaps 
always  directed  to  the  more  prosaic  topics  which  fonncd 

the  staple  matter  of  the  ■'  for 

ordinary  students.     The  l:  ■  .«ys 

that  of  thL 

of  wo<.h1,  w.. 

prolate    ellipsoid    01    revolution.        lt»     surface    may    be 

imagined  to  be  generated  by  the  revolution  of  an  ellipse 

about  its  longer  axis.     [The  diagrun,  Fig.  i,  shows  a  really 


KIG. 


egg-sliaped  solid.]     I  lay  it  on  its  side,  and  we  see  that 
in  (liat  position  it  is  stable  for  fore  and  aft  inclinations. 


Tlii>  . 

If.  :  I    as  it  lies  on  the  tray 

iHrtorc   iiic  couple  with   .  as 

to  make  u       ..      _.   one  of   the   n.u ler« 

^tlut  IS,  of  course,  a  diameter  about  which  the  moiucnt  o< 

19 
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inertia  is  :i  maxiimim),  the  solid  shows  that  when  spin  is 
applied  the  equilibrium  is  unstable.  The  ellipsoid  at  once 
sets  itself  on  one  end,  and  then  rotates  in  stable  equilibrium 
with  the  long  axis  nearly  vertical.  This  is  a  very  remark- 
able result.  The  centre  of  gravity  has  been  raised,  and  the 
equilibrium  is  now  stable.  The  spin  has  altered  the  con- 
ditions of  equilibrium  completely. 

Of  course  it  was  pointed  out  to  us  that  all  these  phe- 
nomena are  well  shown  by  the  ordinary  spinning-top,  spun 
by  the  unwinding  from  it  of  a  string  when  the  top  has  been 
skilfully  thrown  from  the  hand.  Schoolboys  are  not  encour- 
aged now  ^indeed  they  are  itecouraged  by  prefects  and  other 
important  personages)  to  play  with  tops  and  marbles,  and 
thus  many  phenomena  of  spin  and  collision  which  some  of 
us  used  to  observe  are  missed.  The  swaying  round  of  the 
axis  of  a  top  when  rising  just  after  spin  to  the  "sleeping" 
position,  and  the  similar  conical  motion  of  the  axis  when 
the  top  is  about  to  fall,  give  examples  of  precessional 
motion,  of,  in  fact,  the  astronomical  phenomenon  called 
precession  of  the  equino.xes. 


Fig.  2. 

Precession  was  illustrated  by  the  interesting  old  model 
of  a  terrestrial  globe  which  I  have  here  (Fig.  2).  You  see 
that  the  globe  is  weighted  so  that  a  pin  projecting  from  the 
North  Pole  rolls  round  a  ring,  that  is  a  narrow  cone  fixed 
in  the  earth  rolls  in  the  inside  of  a  cone  fixed  in  space. 
These  cones  have  their  vertices  at  the  earth's  centre,  the 
axis  of  the  fixed  cone  is  perpendicular  to  the  ecliptic  and  its 
semi-angle  is  23°  27',  that  is,  an  angle  equal  to  the  obliquity 
of  the  ecliptic.  On  this  ring,  which  represents  the  ecliptic, 
you  have  the  intersections  withit  of  the  earth's  equator — that 
is,  the  equinoxes — and  so,  as  the  earth  turns,  the  two  intersec- 
tions move  along  the  ecliptic,  the  equinoxes  precess.  The 
earth,  in  fact,  is  a  top  on  which  we  happen  to  live,  the  spin 
is  one  turn  in  24  sidereal  hours,  and  the  conical  motion  is 
completed  in  a  period  of  26,000  years  (Fig.  3).  One  of  our 
problems  was  to  calculate  the  diameter  of  this  pin  for  the 
"  earth,  or,  as  it  was  sometimes  put,  to  find  the  diameter  of  the 
North  or  South  Pole  !  If  I  remember  aright  the  diameter 
is  about  21  inches. 

These  were  our  first  gyrostatic  experiments  and  illustra- 
tions. I  must  not  omit  to  mention  that  the  spinning  of 
the  ellipsoid  was  attempted  also  with  each  of  two  eggs, 
and  that  with  one  the  experiment  always  succeeded,  and 


with  the  other  always  failed.  The  reason  of  this  failure 
and  success  was  interesting  ;  and  although  some  students 
laughed  at  the  experiment,  it  nevertlieless  arrested  the 
attention  of  all.  The  contents  of  one  egg  were  a  viscid 
liquid,  the  contents  of  the  other  had  been  subjected  to 
a  process  of  coagulation  by  prolonged  exposure  to  an 
elevated  temperature.  In  other  words,  one  egg,  the  one 
that  would  not  spin  on  end,  was  raw,  the  other  had  been 
boiled  hard.  I  now  repeat  this  experiment,  which  is  the 
scientific  solution  of  the  famous  problem  of  Christopher 
Columbus,  to  make  an  egg  stand  on  end. 

It  is  very  easy  to  show,  on  principles  which  I  hope  to 
explain  later,  why  the  solid  prolate  ellipsoid,  the  piece 
of  wood,  or  the  hard-boiled  egg,  sets  itself  on  end  when  it 
is  spun  about  one  of  the  shortest  diameters  ;  it  is  not  at  all 
easy  to  show  why  the  raw  egg  does  not. 

There  is  another  point  in  this  connection  to  which  I  wish 
to  direct  attention.  I  see  in  the  papers  from  day  to  day, 
especially  the  country  papers,  notices  of  abnormally  large 
eggs  laid  by  fowls,  and  I  have  myself  observed  that  some 
eggs  are  more  prolate  than  others,  but  so  far  I  have  not  come 
across  an  oblate  one  !    An  egg  in  the  form  of  an  oblate  cllip- 
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Fig.  3. 

soid  of  revolution,  that  is,  of  the  external  shape  produced  by 
the  revolution  of  an  ellipse  about  its  shorter  axis,  might  be 
spun  about  that  axis,  and  would  continue  so  to  spin  ;  a  pro- 
late one  would  not  continue  to  spin  about  its  axis  of  figure. 
As  we  cannot  obtain  an  oblate  egg,  we  make  up  one  of  sheet 
metal  filled  with  water,  and  try  to  spin  it.  I  have  one 
here  that  I  shall  show  you  presently,  and  we  shall  see  that 
it  can  be  spun  without  difficulty.  The  possibility  of  spin- 
ning an  oblate  ellipsoidal  mass  of  liquid  was  discovered 
mathematically  by  Colin  MacLaurin,  Professor  of  Mathe- 
matics at  Edinburgh  in  the  first  half  of  the  eighteenth 
century.  He  showed  that,  provided  the  angular  speed 
was  kept  under  a  certain  limit  depending  on  the  density 
of  the  fluid,  there  were  two  revolution  ellipsoids  of  different 
eccentricities,  which  were  figures  of  equilibrium  for  a  mass 
of  liquid  spinning  about  the  axis  of  figure,  with  its  surface 
free.  With  one  or  other  of  the  eccentricities  proper  for  the 
speed,  the  case  may  be  supposed  removed  without  affecting 
the  equilibrium.  Of  course  it  is  understood  that  there  is  no 
terrestrial  gravity  to  produce  disturbance  ;  the  spinning 
ellipsoid  of  liquid,  without  enclosing  case,  could  not  be 
realized  e.xcept  in  the  laboratory  at  the  centre  of  the  earth 
that  Lord  Kelvin  used  to  long  for,  and  perhaps  for  various 
reasons  not  even  there. 
All  this  is  connected  with  a  subject  to  which  Lord  Kelvin 
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1.  Dynamical  Thkuky  ov  Rotation  or  Plank  or 

PuLAKIZKIi   LlUHT. 

The  first  paper  in  wliich  l-ord  Kelvin  dealt  with  what 
inav  be  irKaiticd  a>  .i  ^vio^t.ilii.'  piol>U-ii)  it  that  publi>lic(l 
I  enlilled 

■'!C    Hrli- 

l.n;hi         1.  .... 

ktat  ■■  or  '•  I  but  Ihc  equations  which  are  arnvcil 

at  in  the  diw .......  c'l   the  dynamical  illuNtrations  referred 

to  are  in  form  essentially  ol  the  kind  which  he  afterwards 
>..«;iril  i;\ i.«t.ilic. 

r   I    In:;  I  .Miental   idea  of  this  paper  is  one  which  he 
'   .i  t^uod  deal  in   later  papers  and,  fruin  time  to 
t  ~  tectuie>  to  tiis  students.     It  is  that  the  rotation 

.lie   of    puUri/ed    light    transinitted    through   a 
s  I    sugar  or  tartaric    acid,  or  across   ^  plate  of 

quarti  cut  at  right  angles  to  the  axis  of  the  crystal,  is 
to  be  explained  by  a  helical  structure  of  the  medium  ; 
while  what  appears  at  first  sight  to  be  the  exactly  similar 
rotation  of  that  plane,  by  passage  of  the  hght  through 
a  piece  of  heavv  glass  alung  (he  lines  of  force  of  a 
i:  <iial  motion  already  ex.  ling 

1.  icd  with  the  motion  produced 

by  tne  wave  ol  iight. 

Think  (as  I  heard  him  once  say)  of  a  transparent  elastic 
med:um  full  of  little  helical  hollows  of  the  order  of 
1/40000  inch  in  dimensions,  having  all  their  axes  turned 
the  same  way,  so  that  to  an  obser\'cr  looking  along  them 
I'  '  '  ^  are  all  '  .  ded  or  all  left-handed,  or 
.1  prepomli  .m  one  direction  or  the  other. 

Suwii  a  me<liuni  would  liavc  the  property  of  transmitting, 
in  the  direction  of  the  axes  of  the  helices,  waves  of  tor- 
sional displacement  at  different  speeds  according  as  the 
torsion  is  right-handed  or  left-handed.  Hence  a  wave  of 
circularly  polarized  light  would,  he  suggested,  travel  at 
different  speeds  in  that  direction,  according  as  the  dis- 
placement involved  was  right-handed  or  left-handed,  for 
t  reaction  would  be  greater  in  one  case  than  in 

I  Hence   the  two  oppositely  turning    circularly 

I      >  .am  of  plane  j  4ht 

iii.is  ji,  would  tra\t.  -.i  in 

the  same  direction  at  different  speeds,  and  a  dilterence  of 
phase  would  grow  up,  which  would  account  exactly  (or 
the  turning  of  the  plane  of  polarization. 

The  turning  of  the  plane  of  (tolari/ed  light,  which  takes 
place  ill  whatever  direction  the  beam  passes  through  a 
lotutionof  ips  to  be  expbined 
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The  illustration  proposed  was  a  double  pendulum.  A 
cord  (see  Fig.  4I  is  attached  at  the  two  ends  of  a  horizontal 
rod  A  H,  and  to  the  middle  point  of  this  cord  is  fastened  a 
simple  :  '!i  /  as  indicated.     The  distance 

of  the  .' ,  that  is  /  -*-  OC.     The  rod  is 

nn  .al 

axi  1  .  -cd 

to  be  01  negligible  mass  and  quite  dexible,  and  the  bob  is 
a  massive  particle. 

If  «  were  zero  we  sliould  liave  a  pendulum  the  period  ot 
which  is  J  r^'//^  (or  vibrations  in  the  plane  ^  ^  ,  er 

suppf'M^l  vertical,  and  2  -rj!  ^  for  vibra!!on>  .<•  cs 

to    ■  »t 

gc:  .  -y 

motions. 

When  the  "■•■•t<..'\  with  m  not  zero,  is  •■-'■-••^■i  to  two 
rectangular  .;  axes  of  *  and  v  ;  which 

revolve  with  i;ic  loa,  the  equations  of  motion  01  the  bob 
are 


i-.'-.t+(7--')'  =  o. 
#  +  »•*+ (^  —  •■).y  =  o. 
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where  .v,  v  are  the  co-ordinates  of  the  bob  and  .r,  y 
their  tim'c'ratcs  of  change,  and  .V,  v  are  the  accelerations 
corresponding. 

The  second  terms  on  the  left-hand  sides  of  these  equa- 
tions, 2u .»-,  —2  w  V,  are  in  form  what  were  called  afterwards 
by  Lord  Kelvin  gvrostatic  terms,  and  the  conditions  for  the 
existence  of  real  periods  of  oscillatory  motion  in  the  general 
case,  depending,  as  the  reality  of  these  periods  does,  on 
the  walue  of  w,  gives  us  an  idea  of  what  he  termed  in  that 
connection  "  g\'rostatic  domination." 

In  an  .\ppendix  to  this  lecture  will  be  found  a  synopsis 
of  the  solution  of  this  interesting  case  of  motion  with  some 
modifications  of  notation  and  mode  of  presentment.  The 
reader  mav  refer  also  to  the  original  paper.  :=  It  is  reprinted 
as  Appendix  F  of  Lord  Kelvin's  "  Baltimore  Lectures." 
The  main  results  may  be  expressed  as  follows  :— 
(i)  If  a  long  straight  rod,  which  is  unequally  elastic  in  two 
rectangular  directions,  or  is  of  unequal  diameters  in  these 
directions  if  of  uniform  elastic  quality  (a  rod  of  elliptic 
section,  for  example),  be  rotated  rapidly  about  its  axis,  and 
vibrations  be  maintained  in  a  fixed  transverse  direction 
at  one  end,  waves  of  rectilinear  vibration,  the  direction 
of  which  slowly  turns  round  as  the  wave  advances,  will  be 
propagated  along  the  rod. 

(2)  Let  the  transverse  elasticity  of  the  medium,  which  to 
fix  the  ideas  may  be  taken,  as  has  already  been  suggested,  as 
a  long  straight  rod,  along  which  waves  of  transverse  dis- 
placement are  propagated  in  the  direction  of  its  length, 
vary  with  the  direction  of  the  transverse,  so  that  it  has 
maximum  and  minimum  values  in  axial  planes  at  right 
angles  to  one  another.  If  this  rod  be  slightly  and  uni- 
formly twisted  about  its  axis  these  planes  become  heli- 
coidal  or  screw  surfaces.  Think  now  of  a  line  in  space 
parallel  to  the  axis  of  the  rod.  This  line  will  intersect 
either  of  these  surfaces  at  points  whose  successive  dis- 
tances apart  are  all  equal  to  the  step  s  of  the  screw.  If 
the  rod  be  turned  about  its  axis  as  a  whole  each  point  of 
intersection  will  move  along  the  line  at  a  speed  v  which 
depends  on  the  rate  of  turning. 

Let  a  rectilinear  vibration  be  kept  applied  at  any  cross- 
section,  say  one  end,  and  let  the  rod  be  rotated  about  its 
axis  in  the  proper  direction,  and  at  such  a  rate  that  the 
speed  V  just  specified  is  equal  to  the  velocity  of  propaga- 
tion of  the  wave  produced  by  the  apphed  vibration.  The 
result  will  be  that  a  series  of  waves  of  rectilinear  vibration 
will  run  along  the  rod,  without  any  turning  of  the  plane 
of  vibration  in  space.  In  order  that  the  rotation  may  be 
rapid  it  is  necessary  that  the  wave-length,  a  say,  should 
be  many  times  the  step  s  of  the  screw. 

According  to  our  notation  the  period  of  vibration  is  stt/^, 
and  therefore  the  velocity  of  propagation  of  the  wave  is 
aiilzTT.  But  if  s  be  the  step  of  the  screw,  and  w  denote 
as  before  the  angular  speed  of  rotation,  the  value  of  v  is 
a)S/2-7r.     Hence  we  must  have  uis  =  aii  or  ut=:afi!s. 

The  effects  of  the  twist  and  rotation  thus  exactly  balance 
one  another.  The  latter  (see  AppendLx)  gives  a  rotation 
of  amount  ^tX^w^  in  a  wave-length,  or  a  complete  turn 
in  8,i  w3/X'  wave-lengths.  Hence  the  effect  of  a  single  turn 
of  twist  in  a  length  s  is  equivalent  to  that  of  rotation  in 
8  n  m3/X*  wave-lengths. 

The  dynamical  illustration  is  thus  applicable  to  all  the 
cases  of   turning   of   the   plane  of   polarization   of   light. 
•  Loc.  cit.  above. 


There  is  one  point  of  difference,  however,  which  renders 
a   rotational    medium    more   truly   representative   of   the 
magneto-optic   turning,   and    is    decisive   as    between    a 
rotational  and  a   structural   explanation    of    the   dilferent 
phenomena.     A  beam  of  plane  polarized  light  which  has 
tr.iversed  a  piece  of  heavy  glass  in  a  magnetic  field  will, 
if  it  be  reflected  and  sent  back  through  the  medium,  have 
the  turning  of  the  plane  doubled  by  the  backward  passage, 
while  backward  passage  througli  quartz  or  a  sugar  solu- 
tion annuls  the  turning  produced  by  the  forward  passage. 
These  facts  point,  as  Lord  Kelvin  repeatedly  urged  in  his 
teaching,    to  a   rotational   explanation    of    the   magneto- 
optic  effect  and  to  a  structural  explanation  for  the  other. 
I  shall  return  to  this  subject  in  discussing  Lord  Kelvin's 
explanation   of    Faraday's   phenomenon  of  magneto-optic 
rotation  by  gyrostatic  action  as  set  forth  in  later  papers  ; 
but  I  may  remark  here  that  in  his  paper  *  on  "  Magnetism 
and  Molecular  Rotation  "  he  definitely  discarded  his  gyro- 
static  hypothesis,  at  least  as  an  explanation  of  Zeeman's 
discovery  of   the  effect  of  a  magnetic  field  applied  to  a 
source  of  hght  in  modifying  the  spectral  lines.     Of  course 
the  idea  of  convection  currents  due  to  moving  electrons 
and  the  action  of  a  magnetic  field  on  such  currents,  and  of 
the  light  as  due  to  electromagnetic  action  in  an  insulating 
medium,  through  which  the  electric  disturbance  is  propa- 
gated,  has  completely   altered    the    views    of    physicists 
regarding   the    medium    and    its    necessary    constitution. 
There  is,  however,  still  a  correspondence,  to  a  considerable 
extent  exact,  between  the  dynamics  of  such  systems  as  that 
here  discussed,  and  also  gyrostatic  systems,  on   the  one 
hand,  and   the  optical  or  electrical  action  on  the  other. 
[This  I  have  dealt  with  in  §  (11    of  the  Appendix  to  this 
lecture.] 

3.  Precessional  Motion  of  a  Liquid. 
Ab  ut  20  years  later  gyrostatic  problems  attracted  Lord 
Kelvin's  attention  in  a  very  special  way.  From  1875 
onward  for  several  years  he  was  much  occupied  with  many 
things,  for  instance  he  transacted  much  business  connected 
with  submarine  cable  instruments,  eclipsing  lights  for 
lighthouses,  and  compasses  and  sounding  machines.  I 
was  one  of  his  assistants,  and  remember  how  busy  we  all 
were  For  the  two  years  from  1875  to  1877  there  are  set 
down  in  the  list  of  his  papers  four  on  the  subject  of 
gyrostatic  action,  but  of  these  only  two  were  ever  printed, 
the  first  and  the  last.  The  former  was  entitled  "  Vibra- 
tions and  Waves  in  a  Stretched  Uniform  Cham  of 
Symmetrical  Gyrostats,"  f  the  latter  "  On  the  Precessional 
Motion  of  a  Liquid."  +  I  shall  first  give  some  account  of 
the  latter  paper,  because  it  contained  descriptions  and 
illustrations  of  gyrostats  and  gyrostatic  action,  and  shall 
then  return  to  the  former. 

The  circumstances  in  which  this  paper  was  written  were 

interesting.      In    1875    Lord    Kelvin    (then    Sir    William 

Thomson)    visited    America    as    one    of    the    judges    of 

Group     2S     (Scientific    Instruments)    of    the    Centennial 

Exhibition  at  Philadelphia.     There  he  saw  many  things 

that  were  new  and  of   very  great  interest,  among  them 

Bell's   newly   invented   telephone,  and   met   most   of   the 

»  Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  20,  1899  ;  Math. 

and  Phvs.  Papers,  vol.  5,  p.  354-  ,         ,    ,  „„   ,o_.  . 

f  Proceedings  of  the  London  Mathematical  Society,  vol.  6,  p.  190,  IS75  . 

Math,  and  Phys.  Papers,  vol.  4,  p.  533-  ,.  x  t-    i-     „   „   t 

J  British  Association  Report,  1876,  Transactions  of  Sections,  p.  i 
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.  A  ui  the  liiiti 
.   occupied   his  : 
almost  to  the  exclusion  of  all  other  scientific  subjects. 
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••  nearly  the  same  as  if  the  whole  rotating  mass  were 
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earth. 

At  the  Glasgow  Meeting  of  the   British  Association   in 

1876  Lord  Kelvin  was  President  of  Section  A,  and  began 

lential     address    by    quoting    the    Anacreontic 

HtXw  /<  k<iiV>>>'  y^iv  ' 
which  begins  the  complaint  of  the  poet  that  no  matter 
what  hero  he  wished  to  sing,  his  lyre  refused  to  respond  to 
any  thniie  but  that  of  Love  !  Try  as  Lord  Kelvin  hked  to 
»pea^  •  •'—  r-vfic  men,  and  scicnttlic  inventions  that 
*  I  ■■  ItJm  of  lit  K,rval  Sj^ieh,  ml  15J.  p.  57 J.  1*05. 
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The  case  is  a  cylindrical  bus  surrounding  i..^   ccl, 
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provided  with  bearings  at  tlie  ends.  Round  the  case,  as 
nearly  as  may  be  in  the  central  plane  of  the  flywheel,  is  a 
projecting  rim,  the  edge  of  wliich  is  not  quite  circular,  but 
rather  polygonal  with  curved  sides,  and  the  points  of 
meeting  of  the  sides  rounded  off.  The  rim  serves  to 
support  the  gyrostat,  as  it  stands  on  this  glass  plate,  in  some 
of  its  evolutions. 

The  bearings  are  cups  in  which  the  rounded  points  of 
hardened  steel  of  the  a.xle  run.  This  is  not  a  good  arrange- 
ment if  the  gyrostat  is  to  be  subjected  to  shocks,  or  to  be 
roughly  handled  in  any  way.  Oiling  also  is  required,  after 
every  second  spin  at  least.  In  our  new  gyrostats  we  use 
ball  bearings  designed  to  resist  considerable  shocks  and 
stresses  without  derangement.  With  these,  in  some 
experiments,  we  have  gone  up  to  speeds  of  about  25,000 
revs,  per  minute,  and  have  found  the  flywheel  to  be  still 
rotating  rapidly  after  the  lapse  of  45  minutes.  Also  the 
wheel  may  be  run  for  several  hours  with  only  one 
oiling. 

It  will  be  convenient  to  show  here  some  of  the  experi- 
ments usually  performed  in  the  Ordinary  Class  of  Natural 
Philosophy  in  Lord  Kelvin's  time.  The  multiplicity  of 
subjects  put  down  to  be  treated  in  the  dynamical  part  of 
the  course  precluded,  as  I  have  hinted,  any  detailed 
explanations  of  these  experiments.  They  were  carried  out 
in  fact  with  the  avowed  and  excellent  purpose  of  exciting 
curiosity  in  the  minds  of  the  students,  and  a  desire  to 
find  out  why  gyrostats  behave  in  a  manner  at  first  sight 
so  anomalous.  Interest  vi^as  certainly  aroused  in  a  few,  but 
I  fear  that  the  majority  despaired  of  penetrating  such 
mj'steries,  and  sought  external  help  for  the  mastering  of 
the  more  hackneyed  topics  of  the  degree  e.xaminations. 

The  process  of  spinning  excited  more  interest  than  any 
other  part  of  the  experiment,  for  the  ordinary  elementary 
student  cares  more  for  a  little  bit  of  sensation  than  about 
the  scientific  result  to  be  proved.  A  long  cord  was  laid  out 
on  the  floor,  then  the  free  end  passed  one  and  a  half,  or  two 
and  a  half,  times  round  the  axle  of  the  gyrostat,  which  was 
held  by  the  operator,  with  its  axis  vertical,  in  a  suitable 
socket  on  a  table  fixed  to  the  floor.  An  attendant  holding 
the  free  end  ran  away  with  it,  slowly  at  first  then  faster  and 
faster,  down  a  long  passage  and  tlirough  a  large  adjoining 
room,  while  friction  was  applied  to  the  cord  as  it  entered 
the  gyrostat  case. 

For  the  runner  was  substituted  later  a  large  wheel  with 
grooved  rim  on  which  the  cord  was  wound  as  it  was  drawn 
through  the  gyrostat.  I  estimate  that  speeds  of  about 
100  turns  per  second  or  less,  may  have  been  obtained  in 
this  way.  Now,  of  course,  one  spins  by  an  electric  motor, 
as  I  shall  presently  describe. 

I  will  make  one  or  two  of  the  experiments  with  the 
original  gyrostats,  but  it  will  save  time  if  I  repeat  the 
others  with  some  of  the  new  and  improved  gyrostats 
invented  by  Dr.  J.  G.  Gray,  whom  I  am  fortunate  in  having 
to  assist  me  on  the  present  occasion. 

First  then  taking  this  gyrostat,  the  oldest  I  believe  of  the 
collection,  I  spin  it  with  this  motor  arrangement  on  the 
table.  The  shaft  of  the  flywheel  is  made  to  bear  on  the 
rough  edge  of  a  disk  carried  by  the  overhanging  shaft 
of  the  motor.  The  motor  is  run  slowly,  and  the  operator 
makes  the  surfaces  bear  lightly  on  one  another  at  first, 
then  he  increases  the  speed  and  bears  more  heavily  until 
the  motor  and  the  shaft  have  attained  their  full  speed. 


I  now  hold  the  spinning  gyrostat  with  its  axis  of  spin 
horizontal,  and  slip  a  noose  of  cord  over  one  end  of  the 
part  of  the  case  round  the  axis,  and  leave  tlic  arrangement 
to  itself  (Fig.  6  shows  this   experiment,  but  the  gyrostat 


Fig.  6. 

used  was  that  indicated  in  Fig.  7).  You  see  that  the  axis 
of  spin  remains  horizontal,  and  at  the  same  time  turns 
round  apparently  in  a  horizontal  plane.  In  reality  the  axis 
alternately  descends  slightly  below  and  rises  slightly  above 
the  horizontal  ;  but  a  true  horizontal  motion  can  be  got  by 
properly  starting  the  gyrostat  in  the  azimuthal  motion,  and 
then  leaving  it  to  itself.  I  call  the  horizontal  or  azimuthal 
motion  of  the  axis  a  "  precessional  motion  "  of  the  gyrostat. 
The  same  thing  can  be  shown  by  suspending  the 
gyrostat  by   a   cord   attached  to  the  rim,  and  hanging  a 


Fig.  7. 

weight  by  a  cord  to  the  part  of  the  case  surrounding  the 
axle.  The  diagram  shows  the  arrangement  and  the  direc- 
tions of  turning  (Fig.  7). 

This  behaviour  of  the  gyrostat  is  often  considered  para- 
doxical, and  must  I  suppose  be  regarded  as  difficult  to 
explain  in  a  popular  manner.  At  any  rate  the  popular 
explanations  are  as  a  rule  extremely  unsatisfactory.  Yet 
in  this  particular  case  of  horizontalitj'  of  the  axis  the  matter 
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Look  at  Ihe  thing  now  in  this  way  (see  Fig.  6).  The  axis 
C'!  i  which  Ihe  flywheel  has  anguUr  momentum 

I'  .  >u  see  towards  the    axis  A  of  the  couple, 

»■  ,  .,:.j  .1^  speed,  U  say.  Now,  and  this  is  the  point 
iiL''.  ii:^.j;iiiied  as  a  rule,  this  motion  itseli  creates  a 
rate  ol  production  of  angular  momentum  about  the 
mzis  A  of  the  couple.  For  when  an  axis  with  which  is 
associated  a  directed  quantity,  L  say,  is  turning  towards 
a  &xed  direction  at  right  angles  to  it  with  angular 
speed  U,  there  is  a  time-rate  of  production  of  the 
quantity  a>v>ciatcd  with  the  latter  direction  measured 
by  the  protluct   Lu.» 

Now  itie  flywheel  is  revolving  with  angular  speed  «,  so 
thai  if   Its   moment    of    inertia    is   mlf,    it    has    angular 
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Here  it  is  important  to  remark  that  tbcre  are  two 
po-  'le 
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are  given  in   Ibe  Ibeuiy  as  :  '.iC 

equation  (see  Appendix;.     <  .^iL 

The  former  to  the  brst  approximation  does  not  depend 
on  applied  forces,  the  other  does.  Lord  Kelvin  called 
the  former  "adynamic,'  the  other  "  precessioaaL"  But 
in  strictness  both  involve  the  .forces,  and  they  appear 
as  the  roots  of  a  certain  equation.  One  ol  these  is 
at   once    approximately   Tv..  en  theu:  .in 

fast,    the    gyrostat    set    on  ;t!    rc-t  '.o 

itself.     The  motion  is  one  ol   ^  :ie 

steady  motion,  which  is  cliaracu  .   ,  n, 

given  very  nearly,  but  not  quite  exactly,  by  tbe  same 
formula  as  before.  Ttie  other  motion  ol  the  axis  in  tbe 
same  cone  is  one  of  much  greater  prece«stoiul  angular 
speed,  which  is  given  by  a  more  complicated  formula  (see 
Apfsendix).  I  do  not  think  I  ever  heard  Lord  Kelvin 
refer  to  this  latter  motion  in  !  !^ 

realized  by  proper  means.      The   ,  ^  h 

I  have  seen  ul  gyrostatic  steady  moiioo  as  a  rule  ignore 
this  second  posiSible  motion. 

In  strictness  we  must  regard  this  scoood  precesstooal 
motion  as  charactenstic  also  ol  the  gyrostat  when  its  axis  is 
horiiontal,  but  in  that  case  the  prcce»K>nal  aiigalar  speed 
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seem  to  be  generally  known,  as  tlic  rule  is  generally 
stated  absolutely. 

It  is  important  to  notice  tliat  it  the  centre  ot  gravity  of 
the  gjTOstat  is  above  the  point  of  support,  supposed  on 
the  line  of  the  axis,  the  two  processional  motions  are 
in  the  same  direction  ;  if  on  tiie  other  hand  the  centre  of 
gravity  be  below  the  point  of  support,  the  precessional 
motions  are  in  opposite  directions.  The  faster  motion 
changes  sign  in  passing  through  an  infinite  value,  when 
the  axis  is  horizontal. 

Bj'  the  effect  of  hurrying  or  retarding  the  precession 
was  explained  the  rising  and  falling  of  a  top  spinning 
on  a  rounded  peg  in  contact  with  a  rough  floor  along 
which  the  top  can  move.  At  first  the  spin  is  fast  and 
the  slipping  is  such  as  to  produce  a  hurrying  friction 
couple  which  causes  the  erection  of  the  top.  After  the 
spin  has  fallen  off  the  slipping  is  the  other  way  and 
a  couple  which  produces  the  reverse  effect  results,  and 
the  top  falls. 

Another  of  Lord  Kelvin's  experiments  was  that  with  a 
gyrostat  supported  on  a  universal  gimbal  joint  as  shown  in 


Fig.  9. 

the  diagram  (Fig.  9).  This  drawing  shows  only  one  gimbal 
axis  clearly  :  the  other  axis  is  at  right  angles  to  this  and  is 
hidden  by  the  upper  ring  to  which  the  knife-edges  are 
seen  attached.  Here  is  the  gyrostat  formerly  always  em- 
ployed in  the  experiment,  which,  however,  I  can  carry  out 
more  readily  with  the  new  apparatus.  You  see  that  the 
gyrostat  thus  mounted  forms  an  inverted  pendulum,  which 
has  two  freedoms  of  motion,  and  when  the  wheel  is  without 
spin  is  unstable  in  both.  With  spin  the  gyrostat  is  stable 
in  both  freedoms. 

This  is  an  example  of  a  doubly  unstable  arrangement 
rendered  completely  stable  by  spin.  In  Thomson  and 
Taifs  "Natural  Philosophy"  the  interesting  theorem  is 
proved  (at  least  it  is  implied  in  the  discussion  in  §  345, 
et  seq.)  that  in  a  gyrostatic  system  an  even  number,  but  not 
an  odd  number,  of  freedoms  can  be  stabilized  by  rotation 
of  flywheels.     Of  this  we  have  here  a  particular  case. 

Here  is  another  arrangement  of  double  instability  which 
was  always  shown  (Fig.  10).  I  believe  the  idea  was  due  to 
the  late  Professor  Blackburn.  A  trapeze  is  attached  at  its 
ends  to  two  vertical  chains  by  two  rings  attached  to  two 
swivels,  so  that  the  trapeze  can  turn  about  its  own  longi- 
tudinal axis.     The  trapeze  is  made  of  two  slips  of  wood 


between  which  the  rim  of  the  gyrostat  can  be  slipped  and 
secured  by  a  pin.  One  of  the  chains  you  see  has  inserted 
in  it  a  large  ring,  so  placed  that  by  unhooking  one  of  the 
chains,  passing  it  througli  the  ring,  and  then  rehooking  it, 
and  turning  the  trapeze  end  for  end,  we  have  it  suspended 
by  crossed  chains.  Such  a  bifilar  suspension  is  of  course 
unstable,  as  the  trapeze  tends  to  turn    round    towards 


Fig.  10. 

assuming  the  arrangement  of  two  parallel  or  uncrossed 
chains,  in  which  of  course  the  centre  of  gravity  is  lower 
than  in  the  other  case,  and  which  so  far  as  the  bifilar 
is  concerned  is  the  arrangement  of  stable  equilibrium 
without  spin. 

The  gyrostat  when  without  spin  and  hanging  below  the 
trapeze,  with  the  chains  uncrossed,  has  two  freedoms  for 
both  of  which  it  is  stable  :  (i)  The  system  can  swing  as  a 


Fig.  II. 

pendulum  about  the  swivels  at  the  end  of  the  trapeze  ; 
(2)  the  trapeze  can  turn  in  azimuth  about  a  vertical  axis 
through  its  middle  point,  in  vibrations  in  which  the  chains 
are  carried  in  opposite  directions  out  of  the  vertical.  These 
two  modes  of  motion  are  thus  both  stable  modes  without 
spin  of  the  flywheel. 

Now  when  the  chains  are  crossed,  and   the  trapeze  is 
turned  so  that  the  gyrostat  is  above  it,  both  freedoms  are 
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of  the  wheel,  and  a  stiff  rod  of  steel  inserted  in  this  fornix  .-i 
rigid  leg  or  stilt  for  the  case.  .\t  the  other  side  is  a  projec- 
tion with,  on  what  I  call  its  under  side,  that  facing  the 
nine  wav  a^  the  socket,  a  cup->haped  hollow.  This  >pil:e 
of  steel.  |v>inted  at  both  ends,  if  placed  with  one  end  in  the 
cup  and  with  the  other  end  reslin}<  on  this  steel  plate  on 
the  table,  forms  another  leg  or  stilt.  We  could  h.irdly 
have  a  more  insecure  supfvort  for  the  ij\To-it.i|  than  I  his. 
'  cnt,  I  need  hu:  <ul 

t'  re  are  two  in-  :.al. 

the   otiicr  .1.  ;.         .!      These,  you  sec,  arc  both  rendered 
stable  by  ri.;.i',.    :.      i   the  tlywhecl. 
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water  takes  the  place  of  the  flywheel  :  these  ifc  T.'.e  only 
points  of  ditfereiicr  I  !>piii  the  (jlobe  in  the  ordinary 
wav,  and  y<>  ;  iii  all  respects  the  liquid  {jyroKtat 

iiiiitate>  the    i  .        :    of  the  solid  one. 

This  spheroid  has  an  oblatcness  of  about  ', 

that  is  the  diffeicnce  in  length  of  the  polar  anc  A 

diameters  is  about  5  per  cent  of  the  length  of  eil.iei .  Here, 
however,  is  another  liquid  gjTostat  which  has  about  5  per 
cent  of  prolateness  (Kig.  ix\.  I  attempt  to  spin  it,  and 
you  see  that  as  soon  as  it  <  4 

apparatus  its  spin    hav   ei^ 

quence  of  instability  <  ■  n 

has    been   entirely   tn  >* 

motion  of  the  water,  into  which  the  rotational  motion 
breaks  down.  Hemiaiieiit  steady  rotation  of  the  bquid 
globe  IS  impossible. 
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be  sufiiciently  prolate.  The  axial  diameter,  in  fact,  must 
either  lie  sliorter  than  the  equatorial  diameter,  or  be  more 
than  three  times  as  long.''-  As  Sir  Georj^e  Greenliill  points 
out,  a  modern  elongated  projectile  if  tilled  with  a  liquid 
would  not  rotate  steadily  about  its  axis  of  figure,  and  there- 
fore would  not  have  a  definite  trajectory  as  a  rifle  bullet 
has  ;  it  would  turn  liroadsidc  on  to  the  direction  of  motion. 

5.    GYROSTATIC    TuiiORY    OK    ELASTICITY. 

One  other  experiment  I  shall  make  with  the  veteran 
gyrostat,  which  has  been  spun  again.  You  see  that  the  rim 
carries  two  trunnions  in  line  with  the  centre  of  the  wheel 
(Fig.  14).  •  These  are  placed  on  bearings  attached  to  this 
square  wooden  frame  ;  and  now  you  see  that  as  I  hold  the 
tray  in  my  hands  in  a  horizontal  position,  the  gyrostat  rests 
with  its  axis  vertical  or  nearly  so.  The  direction  in  which 
the  wheel  is  spinning  is  shown  by  the  arrow  on  the  upper 
side.  I  now  carry  the  tray  round  in  azimuth  in  the  direction 
of  spin  :  nothing  happens  ;  the  gyrostat  spins  on  placidly. 


F'iG.  14. 

If,  however,  I  carry  the  tray  slowly  round  the  other  way, 
the  gyrostat  immediately  turns  upside  down  on  the  trun- 
nions ;  and  now,  as  I  go  on  carrying  the  tray  round  in  the 
same  direction  as  before,  the  gyrostat  is  quiescent  as 
at  first  ;  but  the  spin,  by  the  inversion  of  the  gyrostat, 
has  been  brought  into  the  same  direction  as  the  azimuthal 
motion. 

The  gyrostat  behaves  as  if  it  possessed  volition — a  very 
decided  will  of  its  own.  It  cannot  bear  to  be  carried 
round  in  the  direction  opposed  to  the  rotation,  and,  as  it 
cannot  help  the  carrying  round,  it  accommodates  itself  to 
circumstances  by  inverting  itself  so  that  the  two  turning 
motions  are  made  to  agree  in  direction.  Again  I  reverse 
the  azimuthal  motion,  and  the  gyrostat  inverts  itself  so  that 
the  wheel  turns  in  the  same  direction  in  space  as  at  first. 

The  inversion  brings  into  play  a  wrench  on  the  hands  of 
the  experimenter.  A  varying  couple,  lasting  during  the 
time  of  the  inversion,  is  required  to  reverse  the  angular 
momentum  of  the  wheel  in  space,  and  this  is  applied  to  the 
gyrostat  by  the  frame  at  the  trunnions,  and  to  the  frame, 
because  that  is  kept  steady,  by  the  hands  of  the  operator. 
The  total  change  of  angular  momentum  is  2  N,  where 
N  is  the  angular  momentum  of  the  flywheel,  and  this  is 
the  time-integral  of  the  couple. 

It  will  be  noticed  that  in  this  experiment,  in  which  the 
gyrostat  displays  this  curious  one-sided  stability  and 
instability,  it  is  affected  by  a  precession  impressed  upon 
it  from  without.  The  system  was  not  left  to  itself,  I 
carried  it  round.  The  gyrostat  had  little  or  no  gravita- 
tional stability — the  centre  of  gravity  was  nearly  on  a  level 

*  Proceeilings  0/ the  Cambridge  Philosophical  Society,  1880  ;  "Encyclo- 
pedia Britannica,"  article,  **  Hydromechanics." 


with  the  trunnions  ;  but  even  if  it  were  gravitationally 
unstable,  siifTiciently  rapid  azimuthal  motion  would  keep  it 
upright  if  that  motion  agreed  with  the  spin,  while  the  least 
motion  the  other  way  round  would  cause  it  to  capsize. 

It  is  important  to  notice  that  if  the  gyrostat  be  placed  on 
the  trunnions,  so  that  the  axis  of  the  wheel  is  in  the  plane 
of  the  frame,  azimuthal  turning  in  one  direction  causes  one 
end  of  the  axis  to  rise,  or  turning  in  the  other  direction 
causes  the  other  end  to  rise.  As  I  shall  show  presently, 
this  means  a  reaction  couple  on  the  frame  which  must 
be  balanced  by  a  couple  applied  by  the  experimenter. 

Better  than  anything  else  1  know,  this  experiment  affords 
an  example  of  the  two  forms  of  solution  of  a  certain 
differential  equation,  which,  when  the  gyrostat  is  without 
sensible  gravitational  stability,  and  9  is  small,  I  may  write 

At-„  +wN9  =  o, 
at 

where  N  is  the  angular  momentum  of  the  wheel,  and  u  the 
angular  speed  with  which  the  tray  was  carried  round. 
When  the  turnings  were  in  the  same  direction,  w  and  N 
had  the  same  sign,  but  when  the  turnings  were  in  opposite 
directions  the  product  w  N  had  a  negative  value.  When 
the  product  is  positive  we  have  a  solution  giving  oscillations 
about  the  vertical,  in  the  period  2  tt  Va/w  N  :  the  equi- 
librium is  stable.  When,  however,  u>  is  reversed  the  pro- 
duct must  be  given  the  opposite  sign,  and  we  get  a  solution 
in  real  exponentials,  giving  continued  falling-away  from 
the  upright  position  until  the  opposite  position,  which  is 
stable,  is  attained.  N  has  now  also  been  reversed  in  space, 
and  the  product  w  N  in  the  differential  equation  is  again 
positive. 

As  I  have  already  stated,  the  time  integral  of  the  turning 
moment  about  the  vertical,  required  by  the  gjTostat  from  the 
frame  constraining  it  to  move  round  in  azimuth,  is  2  N, 
that  is  2  C  n,  where  C  is  the  moment  of  inertia  of  the  fly- 
wheel about  its  axis.  There  is  thus  at  each  instant  of  the 
turning  in  azimuth,  before  the  inversion  has  been  com- 
pleted, a. couple  required  from  the  frame,  and  this  couple 
is  greater  the  greater  the  angular  speed  n  of  spin. 

The  couple  arises  thus.     Let  the  gyrostat  axis  have  been 
displaced  from  the  vertical  through  an  angle  9  about  the 
trunnion  axis.     In  consequence  of  the  azimuthal  motion, 
at  rate  w  say,  the  outer  extremity  of  the  axis  of  angular 
momentum  is  being  moved  parallel  to  the  instantaneous 
position  of  the  line  of  trunnions,  and  thus  there  is  rate  of 
I    production  R  of  angular  momentum  about  that  line ;  but 
there   being   no   applied  couple  about  the  trunnions,  the 
I    gyrostat  must  begin  to  turn  about  the  trunnions  to  neu- 
tralize R.     This  turning  tends  to  erect  or  to  capsize  the 
gyrostat  according  as  the  spin  and  azimuthal  motions  agree 
or  are  opposed  in  direction.     In  its   turn,  however,  this 
involves    production    of    angular    momentum    about    the 
vertical  for  which  a  couple  must  be  applied  by  the  frame, 
and  of  course  to  the  frame  by  the  operator.     This  couple 
}    is  greater  the  greater  C  n,  and  therefore  if  the  operator 
'    cannot  apply  so  great  a  couple  an  azimuthal  turning  at 
i    rate  w  cannot  take  place.     With  sufficiently  great  angular 
momentum  the  resistance  to  azimuthal  turning  could  be 
made  for  any  stated  values  of  9  and  w  greater  than  any 
specified  amount. 

The  magnitude  of  this  couple  which  measures  the  resist- 
ance to  turning  at  a  given  rate  is  greatest  when  the  angle 
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'  ■>  arcs,  uiic  ^hou'ii  by  lull  the  other 

1  arc  supposed  lo  be  rigid  squares, 

L'lilike   ordinary  fabrics,   which   arc 
.     .   -;  ic  except  in  a  direction  at  45°  to  the 

vv-arp  and  woof,  this  web  is  equally  strctchable  in  all  direc- 
tions.    If  the  web  is  strained  slightly  by  a  small  change  of 
each  flexible  square  into  a  rhombus,  or  into  a  not  square 
!  he  areas  arc  to  the  first  order  of  smalt  quantities 

iginc  that  a  gyrostat  is  mounted  in  each  of  the 
:  es,  so  that  the  axis  of  the  trunnions  and  the  axis 
^'t   rotation  arc  in  the  plane  of  the  square  as  shown   in 
Fig.  16.     If  the  angular  speeds  of  the  flywheels  arc  suffici- 
ently great,  it  is  impossible  to  turn  the  squares  in  azimuth 
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It  inv  Eivcn  small  angular  speed.    Thus  any  strain  involv- 
4  of  the  small  squares  is  resisted,  and  wc  have 
— ..  rigidity  conferred  on  the  web  by  the  gyrostats. 
.  c  is,  however,  no  resistance  to  non-rotational  displace- 
uii  lit  of  the  squares  as  wholes. 
To  get   a    model    in    llircc    dimensions    Lord    Kelvin 
;  lire  made  up  of  cubes,  each 
...jrk   to  play  the  part  of   the 
;cii  by  llcxible  cords  ji 
III  each  cube  he  supj 
tiiree  gyrostats  with  their  trunnions  at  right  angles  to  the 
three  pairs  of  sides.       I'his  arraiigemeul   would,  like  the 
web  of  squares,  resist  rotation,  but   now  aL>oul  any  axis 
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light  and  as  tne  mediuiii  in  which  electric  and  niagiurtic 
pbenomcaa  arc  inaiiilestrd. 

The  spring  balance  is  described  in  some  drtaJ  in  hi» 
"  Popular    Lectures   and   Addresses.  '  |    I    had    thought   of 
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realizing  this  arrangement  which  is  shown  in  Pig.  17, 
but  on  consideration  1  found  that  though  it  would  act 
as  a  spring,  it  would  not,  except  under  crrtain  coodi- 
tions,  not  easily  realizable  even  approximately,  posters  the 
peculiar  property  of  a  spiral  spring  of  being  drawn  out  a 
distance  pn-'porlional  lo  the  wcijjht  hung  on  the  lower 
hook.     The   gyrostatic    a:  to 

realize  with  ordinary  gyr^  .  .ilty 

with  our  motor  instruments.  You  see  wtiat  the  arrange- 
ment is.  A  frame  of  four  equal  bars  is  constructed,  by 
jointing  the  bars  freely  together  at  their  extremities 
in  the  manner  shown  by  the  diagram.  It  is  hung  from 
a  vertical  swivelling  pin  at  one  corner,  so  that  one 
diagonal  of  the  frame  is  vertical,  and  another  vertical 
swivelling  pin  at  the  lowest  corner  Carries  a  hook. 
Four  equal  gvrostats  are  inserted,  one  in  each  bar  as 
shown,  witn  Its  axis  along  the  bar,  and  they  have  equal 
rot.itioiis  in  the  directions  shown  by  the  circular  arrows. 
I'nder  the  couples  tending  to  change  the  direvtioas  of  the 
axes  of  the  tlywhecis,  and  applied  by  the  weights  of  the 
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gjTostats  and  bars,  the  system  processes  round  the  two 
.  swivels,  and  so  preserves  a  constant  configuration.  If  now 
a  weiglit  is  hung  on  the  hook  at  the  lower  end,  the  frame 
is  elongated  a  little,  and  a  new  precessional  motion  gives 
again  a  constant  configuration  of  the  frame,  dilfcrcnt  of 
course  from  the  former  one.  Two  gyrostats,  the  upper 
or  lower  pair,  would  serve  quite  well  to  give  the  effect. 
Lord  Kelvin  suggested  that  if  the  frame  were  surrounded 
by  a  case,  leaving  only  the  swivel-pins  at  top  and  bottom 
protruding,  it  would  be  impossible,  apart  from  special 
knowledge  of  the  construction  of  the  interior,  to  discern 
the  ditfcrence  between  the  system  and  an  enclosed  spiral 
or  coach  spring,  surrounded  by  a  case  and  fitted  with 
hooks  for  suspension  and  attachment  of  weights.  I  find, 
on  working  out  the  ste.ady  motion  of  the  system  under 
gravity,  that  unless  the  masses  of  the  gyrostats  are  very 
small  (while  their  angular  momenta  are  exceedingly  great), 
so  that  the  change  of  kinetic  energy  due  to  the  change  in 
precessional  motion  may  be  put  down  entirely,  or  nearly 
so,  to  the  work  done  by  gravity  on  the  weight  carried  by 
the  hook,  in  its  descent  from  one  contiguration  of  steady 
motion  to  another,  the  distance  through  which  the  frame  is 
lengthened  is  not  simply  proportional  to  the  load  applied. 
The  system  acts  certainly  as  a  spring,  but,  constructed 
with  actual  practical  gyrostats,  it  has  not  the  properties 
possessed,  though  only  appro.ximately  even  in  their  case, 
by  ordinary  springs. 

A  fair  idea  of  the  action,  and  indeed  an  approximate 
realization  of  the  property  aimed  at,  is  obtained  by  means 
of  the  arrangement  shown  in  Fig.  7  above.  We  have  had 
it  before.  A  gyrostat  is  hung  with  its  axis  horizontal  by 
a  cord  in  the  same  vertical  as  the  centroid.  The  flywheel 
spins,  but  as  there  is  no  couple  there  is  no  precession.  A 
weight  mg  is  applied  in  a  vertical  line  at  distance  /  from 
the  centroid,  as  indicated  by  the  diagram  ;  a  slight,  very 
slight,  tilting  of  the  gyrostat  is  produced,  and  the  gyrgstat 
moves  off  with  not  quite  steady  precession,  of  average 
angular  speed  n.  Neglecting  the  slight  deviation,  now  set 
up,  of  the  suspension  cord  from  the  vertical,  and  putting 
A  for  the  moment  of  inertia  of  the  gyrostat  about  a  vertical 
axis  through  its  centre,  we  get  for  the  kinetic  energy  of  the 
azimuthal  motion  the  value  ^A/r'  +  ^ml-ii'.  The  work 
done  by  the  weight  ing  in  its  descent  through  the  small 
distance  h  involved  in  the  tilting  is  nigh.    Hence  we  get 

^(A  +  ml')if  =  mgh. 

As  we  have  already  seen,  however,  we  have  in  this  case 
fM^  mgljC  n.  Substituting  in  the  equation  just  found  this 
value  for  fi,  and  supposing  that  A  is  great  in  comparison 
with  ml',  so  that  the  term  ^ml"/!'  may  be  neglected,  we 
find  after  a  little  reduction  the  equation 

111  _     C»  n= 
Ti=^AF^' 

Thus  //  is  proportional  to  m. 

It  will  be  evident  that  if  on  the  right-hand  side  of  the 
first  equation  there  had  been  terms  due  to  descent  of  the 
gyrostat  through  a  distance  of  J/z  or  |/z,  this  equation  of 
proportionality  could  not  have  been  obtained. 

The  idea,  however,  underlying  the  arrangement  is  very 
suggestive,  and  carries  us  a  long  way  towards  obtaining  a 
definite  notion  as  to  how  the  elastic  properties  of  bodies 
may  be  explained. 


6.  Gyrostatic  Pendulum. 

1  have  here  a  pendulum  consisting  of  a  rigid  suspension 
rod,  and  a  bob  rigidly  attached  to  it,  which  contains  a 
gyrostat  with  axis  of  rotation  directed  along  the  suspension 
rod  (Fig.  18).  Without  rotation,  the  two  freedoms  of  this 
system  are  stable,  and  if  the  bob  be  made  to  describe  a  circle 
about  the  vertical  through  the  point  of  support,  the  period 
of  revolution  is  the  same  for  both  directions  of  the  circular 
motion.  When  the  gyrostat  is  spun  the  beliaviour  is  very 
different.  Circular  motion  may  take  place  in  either  direc- 
tion, but  the  periods  are  quite  different,  that  of  the  circular 
motion  in  the  same  direction  as  the  rotation   being  the 


Fig.  18. — Gyrostatic  PenduUim  and  Curves  obtained  with  it. 

smaller.  Here  one  period  is  long,  the  other  comparatively 
short,  a  characteristic  of  all  rapidly  spinning  gyrostatic 
systems. 

A  combination  of  the  two  circular  motions  in  different 
periods  and  in  opposite  directions  gives  us  a  star  figure, 
which  in  the  diagram  the  pen  attached  below  the  bob  is 
shown  describing.  The  peculiar  appearance  of  the  graphs 
here  pictured  is  due  to  a  very  rapid  falling  off  of  amplitude, 
and  therefore  shortening  of  the  rays,  due  to  friction. 

The  remarkable  analogy  between  the  motion  of  a 
pendulum  with  a  gyrostat  in  its  bob  and  the  motion  of 
an  electron  in  a  magnetic  field  is  dealt  with  in  the  Mathe- 
matical Appendix.    The  parallel  seems  to  have  occurred  to 
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11  may  be  possible. 

.an,  but  the  mode  of  solution 

Is  St:  .rd  and  clear.     The  equations  of   motion 

01  a  ^,. .:iik,  under  the  forces  applied  to  it  by  the 

g\  1  ostatic  Imks  at  its  ends,  arc  easily  written  down  by  the 
pr:!iciple  by  which  rate  of  change  of  anguLir  momentum  is 
Calculated  for  inovin!>  axes.     Two  dynamical  equations  and 
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In  an  rxacil\  similar  chain  in  which  the  gyrodaU  rolalc 
and  the  chain  turns  round  the  line  A  It  m  opposite 
du-ecliuns,  the  velocity  of  propagation  is  given  by 
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Thus  the  difference  between  V  and  V,  isiuMicncaUr  Ihe 
same  as  in  the  other  case,  but  has  the  op:  < 

From  these  results  we  gain  an  idea  oi  ..^~  .«o  ctrcB- 
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difierence  of  angles  of  turning  is  i»*Ci»/««Vk'  per  uiut 
of  distance  travelled. 

8.  Gykostatr  Ouskkvatiox  or  Rotatiox  or  the  Eakth. 
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of  the  spin-axis  perceptibly.  Yet  tlic  friction  couple  is 
sufficient  to  carry  the  gyrostat  round  with  the  stand  wlicn 
there  is  no  spin.  The  spin  results  in  a  great  increase  of 
virtual  inertia  for  turning  displacements,  as  we  shall  see 
quantitatively  in  the  case  of  one  of  Lord  Kelvin's  experi- 
ments, which  I  am  about  to  describe. 

In  practice  it  is  found  desirable  to  subject  the  gyrostatic 
apparatus  to  a  constraint  which  is  perfectly  definite, 
for  example,  the  axis  of  spin  may  be  kept  horizontal. 
Solutions  of  the  problem  arc  to  be  found  in  the  gyrostatic 
compasses  now  in  use  on  the  warships  of  various  navies. 

.A.t  the  British  Association  Meetings  at  Southport  and 
Montreal,  in  1883  and  1884,  Lord  Kelvin  suggested  methods 
of  demonstrating  the  earth's  rotation,  and  of  constructing  a 
gyrostatic  compass.  One  of  these  had  reference  to  the 
component  of  rotation  about  the  vertical,  the  component  in 
fact  demonstrated  by  the  Foucault  pendulum  experiment. 
If  (u  be  the  resultant  angular  speed  the  component  about 
the  vertical  at  any  place  in  latitude  /  is  w  sin  /,  while  the 
companion  component  about  the  horizontal  there  is  wcos/. 
Thus  at  London  the  component  about  the  vertical  is  078 
of  oi,  and  the  period  of  rotation  about  the  vertical  is  about 
3077  hours  of  sidereal  time.  (One  sidereal  day  =  85, 160 
seconds,  nearly.) 

Lord  Kelvin's  method  of  measuring  wsinl  consists  in 
supporting  a  gyrostat  on  knife-edges  attached  to  the  pro- 
jecting edge  of  the  case,  so  that  the  gyrostat  without  spin 
rests  with  the  axis  horizontal  or  nearly  so.  For  this 
purpose  the  line  of  knife-edges  is  laid  through  the  centre 
of  the  flywheel  at  right  angles  to  the  axis,  and  the  plane  of 
the  knife-edges  is  therefore  the  plane  of  symmetry  of  the 
flywheel  perpendicular  to  the  axis.  The  knife-edges  are  a 
little  above  the  centre  of  gravity  of  the  instrument  which 
we  suppose  in  or  nearly  in  that  plane,  so  that  there  is 
a  little  gravitational  stability.  The  azimuth  of  the  axis  is  a 
matter  of  indifference,  as  any  couple  due  to  the  component 
of  rotation  about  the  horizontal  is  balanced  by  an  equal 
couple  furnished  by  the  knife-edge  bearmgs. 

At  points  in  a  line  at  right  angles  to  the  line  of  knife- 
edges,  and  passing  through  it,  two  scale-pans  are  attached 
to  the  frame-work,  and  by  weights  in  these  the  axis  of  the 
gyrostat  (without  spin)  is  adjusted,  as  nearly  as  may  be,  in 
a  horizontal  position  which  is  marked.  The  gyrostat  is 
now  removed,  to  have  its  flywheel  spun  rapidly,  and  is 
then  replaced.  It  is  found  that  the  weights  in  the  scale- 
pans  have  to  be  altered  now  to  bring  the  gyrostat  back  to 
the  marked  position.  From  the  alteration  in  the  weights 
the  angular  speed  about  the  vertical  can  be  calculated. 

To  fix  the  ideas  let  the  gyrostat  axis  be  north  and 
south,  and  let  the  spin  to  an  observer,  looking  at  it  from 
beyond  the  north  end,  be  in  the  counter-clock,  or  positive 
direction.  The  rotation  of  the  earth  about  the  vertical 
carries  the  north  end  of  the  axis  round  towards  the  west, 
and  therefore  angular  momentum  is  being  produced  about 
a  horizontal  axis  drawn  westward,  at  a  rate  equal  to 
C  n  u  sin  /,  where  C  is  the  angular  momentum  of  the  fly- 
wheel. If  the  sum  of  the  increase  of  weight  on  one  scale- 
pan  and  the  diminution  (if  any)  in  the  other  be  w,  and  a  be 
the  horizontal  distance  between  the  points  of  attachment 
of  the  scale-pans,  we  have 

C  «  w  sin  1  :=  w ga. 

Thus  if  C  and  n  are  known,  u  sin  /,  or  w,  can  be  calculated. 


Lord  Kelvin  does  not  give  any  figures  as  to  the  forces  to 
be  measured  in  a  practical  experiment  ;  but  I  can  supply 
these.  Wc  may  take  the  mass  of  a  small  flywheel  as 
400  grammes,  its  radius  of  gyration  as  4  cm.,  and  its 
speed  of  revolution  if  high  as  200  revolutions  per  second.  If 
we  take  a  as  10  cm.  we  obtain  for  London  the  equation 

400  X  4=  X  400  TT  X  --J^^y.l-  =  10  X  981  X  w. 
06 1 00 

This  gives  w^  0-047  gramme,  o""  47  milligrammes.  It 
would  require  careful  arrangements  to  carry  out  the 
experiment  accurately,  but  the  idea  is  clearly  not  un- 
practical. With  some  of  the  new  gyrostats  that  we  now 
have,  the  mass  of  the  wheel  is  as  much  as  2,000  grammes, 
and  the  radius  of  gyration  is  about  7*5  cm.  These  numbers 
bring  w  up  to  o'82  gramme,  at  the  same  speed. 

If  the  gravitational  stability  of  this  gyrostatic  balance  be 
removed,  that  is,  the  line  of  knife-edges  be  made  to  pass 
accurately  through  the  centre  of  gravity  of  the  system  of 
wheel  and  framework,  and  the  axis  of  rotation  be  placed  in 
a  truly  north  and  south  vertical  plane,  so  that  the  knife- 
edges  are  horizontally  east  and  west,  the  gyrostat  will  be  in 
stable  equilibrium  when  the  axis  is  parallel  to  the  earth's 
axis,  and  is  turned  so  that  the  direction  of  rotation 
agrees  with  the  rotation  of  the  earth.  For  we  have  then 
simply  the  experiment,  described  above,  of  the  gyrostat 
mounted  on  trunnions  resting  on  bearings  attached  to  a 
tray  which  is  carried  round  by  the  experimenter.  The 
axis  of  the  gyrostat  was  at  right  angles  to  the  tray,  and 
we  saw  that  when  the  tray,  held  horizontally,  was  carried 
round  in  azimuth  the  equilibrium  of  the  gyrostat  was 
stable  or  unstable,  according  as  the  two  turnings  agreed  or 
disagreed  in  direction.  In  the  present  case  the  tray  is  the 
earth,  the  position  of  the  axis  of  rotation  parallel  to  the 
earth's  axis  replaces  the  vertical  position,  and  the  earth's 
turning  the  azimuthal  motion.  If  displaced  from  the 
stable  position  the  gyrostat  will  oscillate  about  it  in  the 
period  2ir  JkjCnw,  where  A  is  the  moment  of  inertia 
about  the  knife-edges,  and  the  other  quantities  have  the 
meanings  already  assigned  to  them. 

If  the  line  of  knife-edges  be  north  and  south,  the  vertical 
will  be  the  stable,  or  unstable,  direction  of  the  axis  of 
rotation,  and  there  will  be  oscillation  about  the  stable 
position  in  the  period  2  tt  a/ A/C  j;  m  sin /. 

The  gyrostat  thus  imitates  exactly  the  behaviour  of  a 
dipping  needle  in  the  earth's  magnetic  field,  and  thus  we 
have  Lord  Kelvin's  gyrostatic  model  of  the  dipping  needle. 

It  is  right  to  point  out  that  these  arrangements  were 
anticipated  by  Gilbert's  Barogyroscope,-''  which  rests  on 
precisely  the  same  idea,  and  applies  it  in  a  similar  manner. 

g.  Gyrostatic  Compass. 

At  Montreal  Lord  Kelvin  described  a  "  Gyrostatic  Model 
of  a  Magnetic  Compass."  This  was  one  of  his  gyrostats 
hung,  with  its  axis  of  rotation  horizontal,  by  a  long  fine 
wire  attached  to  the  framework  at  a  point  over  the  centre 
of  gravity  of  the  system,  and  held  at  the  upper  end  by  a 
torsion-head  capable  of  being  turned  round  the  axis  of  the 
wire.  By  means  of  this  torsion-head  any  swinging  of  the 
gyrostat  in   azimuth   round  the  wire  was  to  be  checked 

*  "  Memoires  sur  divers  problemes,"  etc.  AiinaUs  dc  la  SocicU  Scicn- 
tifique  BnixeUcs,  1877-8. 
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uj  >  II   the   hrad  «nu   loll   u>. 

hunt;  .It  irU. 

In  kiiull  AiiiuuthAl  akCtlUlion>  »(  llir  )^viu)ljl  jIuhiI  (Ik 
Ail*  oi  the  vrtrr,  the  wire  tMrui|;  iiirti  to  lli' 
thr   lowrr  rmt  and    lirld  by  llic  hcjid   4I  llu    <mi-><.  t" 
vtflujii  niotnrnt  ol   inritu  c4  the  KyioUjt  4buut  liir  wirr 
It  (JIT  .  .      11  o(   tlir    ■     .  II 

there  \>  ••<   mcMia  A  ; 

with   lutaliuli   li  \  M  4i  !£',  tklirtc    M 

i>  the  whole   »u-;  .aiKc  ol    llic  point 

o<  allAcliinenI  ol  the  wire  alMve  the  ccnlic  ol  (•ravily  »l 
llie  n>ji»>  M.    Tliii  will  l>e  found  proved  very  -••'liv  ..i  li,. 
MathciualicjU  Appendix  to  thit  lecture.     It  u 
nutrcoxer.  that  when  the  whole  motion  i>  Ci'  .ni 

tillini;   inolion  .1%   well  ixi   the   j/iiiiulli:il  — 11  (Ii4t 

t'  1  liwc 

I  idtlv  oi 
t 

I'.-  .       i  -    :v  -  -  .     ■  ■  t 

oi  which  is  most  properly  to  be  reckoned  *%  due  tu  virtual 
diminution  ol  the  moment  of  inertia  of  the  gyro<>tat,  in 
the  tilting  motion,  in  exactly  the  uine  ratio  as  the  other 
uioiiic.  :  tia  i»  incrcaNcil.     T  c  periods  arc 

M-pai  .  .I<lc,  and  in  tlic  mi>  .    motion  they 

J'  il.      This  M.-coiid  1.UI10U3    effect    wa>    not 

II  Lord  Kelvin,  and  1  have  not  seen  it  noted 
beJore.  I'he  coexistence  of  long  and  short  fvrriods  is,  how- 
ever, cliaracterislic  of  rapidly  spinning  gyrostatic  systems. 

Now  suppose  that  the  wire  is  so  long  and  of  so  slight 
torsional  rigidity  that  this  rigidity  cannot  stabilize  the 
g\To>tat  in  the  position  of  unstable  equilibrium.  Then 
the  ctfecl  of  the  component  of  rotation  of  the  earth  about 
the  Vertical  is  to  produce  tilting  of  the  axis  of  the  Hywhcel 
from  the  horizontal  position,  since  this  turning  gives  a 
rate  of  production  of  angular  momentum  about  a  hori- 
zontal axis  at  right  angles  to  that  of  rotation.  A  slight 
tilt  suffices  to  give  an  equilibrating  couple,  and  so  we  can 
have  the  g>'rostatic  axis  in  a  north  and  south  vertical  plane, 
and  nearly  horizontal,  while  the  wire  is  without  twist.  Into 
lhi5  poMiion  the  gyrostat  is  guided  by  manipulation  of  the 
t  1.     The  effect  of  the  horizontal  component  of 

t..  angular  speed  is  now  practically  zero. 

li  now  by  the  use  of  the  torsion-head  the  gyrostat  axis 
be  brought  to  rest  in  a  nearly  horizontal  position  at  an 
angle  f  with  the  north  and  south  horizontal  direction, 
the  component  of  turning  about  this  position  of  the  axis 
is  vcos/cosf .  and  about  a  horizontal  line  at  right  angles  to 
the  new  position  of  the  axis  is  «cos/sinf.  The  former 
has  no  influence  on  the  gyrostatic  -ixi*.  the  latter  gives  a 
rate  of  production  of  angular  momi  it  the  vertical 

amounting  to  C  fi  •>  cos  /  sin  f.    He:  ;'le  of  moment 

equal  to  this  must  be  applied  by  means  ol  the  torsion-head 
to  produce  equilibrium,  and  this  as  we  see  is  proportional 
I  sin  f. 

I  remember  that  I  sp»ent  a  good  deal  of  time  about  1884 

:i  the  Glasgow  Laboratory  trying,  without  much  success, 

to   realize  this  cnt.     Lord    Kelvin    himself  sug- 

gestetl  that   in  oe  of   the  high  \irtual  moment 

:  inertia  of  t!.  n  vibrating  about  the  ver- 

oal  wire  there  u  ,jlty  in  realizing  the  arrangc- 

lent,  and  he  concluded  his  paper  at  Montreal  by  referring 

:o  a  simplified  manner  of  realizing  a  gyTOstatic  compass, 

free  only  to  move  in  a   horizontal  or  nearly  horizontal 


Hut  ul 
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1  KAL    DvSaMKAL     I  *TK 

.-itU    WITH    AKV    N'L'U. 

I  cannot  do  mure  than  uieiitiun  the  gvrostatic  iove*U^- 

.0. 

tiie    iHjok   were   in   n 

»eclioiu(jJ  345'-j45--  '" 

many  points  of  view  this  part  ol  the  book  it  cs- 
ccetlingly  interesting.  It  continues  a  subject  which  was 
also  expanded  in  the  same  way  on  the  proof  Uieett 
('«>    ^5    343''-^43"^.   "'■»•   of  o-  "'a- 

tory  motion  for  >.vslein'>  of  tu  re 

•freedoms  «;■  '* 

skill  of  the  111  .  J- 

ing  the  roots  ol    the  deterininantai  equalioi  ^ir 

interpretation,  which   require  great  care  in  ; „      I 

may  only  quote  the  general  conclusions  as  to  gyroktalic 
domination. 

l-et  the  number  of  the  freedoms  be  e\-cn  (that  is  the 
freedoms  exclusive  of  those  by  which  the  fly^^  jve 

angular  momenta  about  their  axesl.     Lei  th'  ^m 

of  the  system  when  at  rest  (without  spin  .»iieels) 

be  cither  stable,  or  unstable,  for  every  ;  If  the 

wheels  arc  so  linked  up  to  the  system  as  to  render  gyro- 
static  domination  possible,  then  with  sufficiently  rapid 
spin  the  equilibrium  becomes  stable,  with  half  the  whole 
numl^r,  2  n  say,  of  its  periods  of  vibration  exceedingly 
small,  and  the  other  half  very  large.  Hach  set  of  periods 
is    given    by    the    roots   of    a    deterininantai  of 

degree  n.     The  latter  periods  are  to  the  (:■  of 

approximation    independent   of    the   ap;  -s,   and 

were  called  "  adynamic,"  the  former  pei .  called 

"  precessional "  and  do  depend  on  the  appUed  forces.. 

The  first  approximations  to  the  fast  and  slow  azimuthat 
motion  of  a  top  are  in  point.  The  angular  speed  Cn/A  cos  • 
docs  not  depend  on  any  applied  forces,  the  other  speed 
M  i'  'i;C  n  does. 

11.  Difficulties  ok  Uechamcal  HvpoTntsEs  *kd 
Models.    Concll'sion. 

I  have  now  dealt  with  most  of  Lord  K  na- 
tion* and  theorie-.  TheMT  were  re!.ite<1  to 
eK  ->>t 
SI.':  'y 
and  magnetism  are  highly  d  ds 

by  wire  or  "  wirelcis,"  wc  ; .....  , -, -   '^ 

manner  by  an  agency  which  we  are  still  far  from  com- 

pK-    ■  ■        -        '       -  '       '        :  :'■      --:on 

01  n 

again  .  ^• 

The  vi  ^e 

been  able  to  learn  regarding  the  new  liu  :y. 

I  still  believe  in  the  ether's  existence.     I: ^re 

held   fast  by  dyiumical  laws,  no  doubt  not   yet   fonno- 


292 


GRAY:   THE   SIXTH    KELVIN    LECTURE. 


latcd  in   full  detail,  but  to  a  considerable  extent  already 
correctly  comprehended. 

The  electromagnetic  theory  of  liijlil,  and  later  the  great 
mass  of  complicated  effects  wliicli  depend  on  the  existence 
and  play  of  electrons,  have,  however,  made  it  necessary  for 
every  student  to  re-orient  himself,  as  it  were,  and  consider 
over  again  all  the  old  categories  and  hypotheses.  A  new 
seriesof  conceptions  must  be  grappled  with,  and  so,  instead 
of  a  more  or  less  apparently  complete  working  model  of 
ether,  capable  of  explaining,  or  rather  accounting  for  the 
phenomena,  all  that  we  can  hope  for  is  to  find  some  kind 
of  correspondence  between  the  "engines  of  orbs"  which 
great  men  have  imagined,  and  electrical  and  magnetic 
processes.  The  only  way  is  to  study  more  and  more 
intently  the  phenomena,  for  it  is  only  the  phenomena  that 
manifest  realities,  they  are  for  us  the  realities.  "  The  reality 
'  behind  the  phenomena,"  the  "  Ding  an  sich,"  may  be  an 
important  affair  in  philosophy,  but  as  far  as  I  can  see  its 
pursuit  is  not  likely  to  be  fruitful  in  science. 

Of  course  it  is  important  to  theorize,  if  we  are  to  unify 
the  diversity  of  phenomena,  if  we  are  to  be  scientific,  that 
is  science-making.   As  always,  agreement  with  all  the  facts 
is  the  true  test  of  a  theory,  so  far  as  our  knowledge  goes  ; 
if  besides  the  theory  is  predictive,  its  probability  is  raised 
to  a  still  higher  plane.     It  must,  however,  fulfil  all  tests  ;  if 
it  does  not  it  must  be  given  up.     I  will  close  by  calling 
attention  in  this  connection  to  a  remarkable  utterance  of 
Lord    Kelvin   about   eight  years   before   his  death.     In  a 
paper  of  date  17  July,  1899,  on  "  Magnetism  and  Molecular 
Rotation  "  which  appeared  in  the  Philosophical  Magazine  - 
he  formally   surrendered   his  favourite   gyrostatic  theory 
so  far  as  it  seemed  to  relate  to  the  action  of  a  magnetic 
field   on    light   vibrations.      Zeeman's    discovery    of    the 
splitting  up  of  each  bright  line  into  a  definite  complex 
of  lines  by  the  action  of  a  magnetic  field  could  not  be 
accounted  for  by  any  scheme  of  infinitesimal  gyrostats. 
On  the  contrary,  the  different  inclinations  of  the  axes  of 
the  gyrostats  to  the  direction  of  the  field  ought  merely 
to  result  in  a  general  broadening  of  the  original  lines,  not 
always  in  the  definite  tripling   or   further  multiplication 
which  is  observed.     This  had  been  pointed  out  in  1897 
by  Larmor   in  his  remarkable  paper  on  Zeeman's  f  dis- 
covery that  "A  principal    oscillator  magnetically  tripled 
must    be    capable    of    being   excited   with   reference   to 
any  axis    in   the   molecule  :    otherwise   there    would    be 
merely  hazy  broadening  or  duplication  instead  of  definite 
triplication." 

This  Lord  Kelvin  admitted  was  conclusive  against  the 
gjTOstatic  theory  so  far  as  the  Zeeman  effect  was  con- 
cerned ;  but  he  was  still  disposed  to  retain  it  for  the 
explanation  of  "  Faraday's  Diamagnetism."  Whether  this 
positirn  is  tenable  or  not  time  will  decide,  perhaps  has 
already  decided. 

Lord  Kelvin  certainly  had  confidence  in  his  own 
theories  and  clung  firmly  to  his  conclusions.  He  was 
tenax  propositi,  yet  he  could  on  occasion  acknowledge 
that  he  had  made  a  mistake.  His  genius  ranged  over 
the  whole  field  of  physical  science,  no  problem  was  too 
great  or  too  small  to  attract  his  attention.  No  obstacles, 
no  complications,  daunted  his  spirit  of  enquiry.  The 
thunders  of  Jove,  the  birth  of  the  world  and  the  cold 

•  Philosophical  Magazine,\'o\.  48,  p.  236,  1899. 
f  Ibid.,  voL  44,  p.  55,  1897. 


death  prepared  for  it  by  dissipation  of  energy,  the  har- 
nessing of  the  energies  of  nature  for  the  service  of  man, 
the  guidance  and  safety  of  manners,  the  genesis  of  waves 
and^heir  breaking  into  spray  "and  spindrift,  all  these 
questions,  and  many  others,  engaged  his  thoughts,  to  the 
lasting  benefit  of  humanity  and  the  increase  of  knowledge. 
Througliout  all  he  was  keen  and  calm  and  dispassionate, 
a  truly  unaggressive  and  kindly  natural  philosopher. 

The  function  of  science  is  to  enable  man  to  penetrate 
the  secrets  of  Nature,  and  to  apply  that  knowledge  to  the 
promotion  of  the  welfare  and  happiness  of  all  living  beings. 
No  one  would  have  repudiated  with  more  scorn  than  Lord 
Kelvin  that  emanation  of  the  Pit,  the  modern  doctrine  that 
culture,  scientific,  philosophical,  or  artistic,  entitles  a  self- 
appraised  and  self-chosen  nation  to  wade  through  seas  of 
blood  to  the  domination  of  the  world. 

MATHEMATICAL  APPENDIX. 

(i)  Double  pendulum  with  revolving  support.— The.  equa- 
tions of  motion  in  §  2  are  easily  obtained.  Let  the  axes  Ox, 
Oy  revolving  in  their  own  plane  with  angular  speed  a.  in 
the  counter-'clock  direction,  coincide  at  the  instant  con- 
sidered with  fixed  axes  Oa,Ob.  The  co-ordinates  of  the 
bob  are  x,  y.  In  consequence  of  the  turning  the  co- 
ordinates i(  and  X  give  speeds  of  the  bob  -u>y  and  w« 
parallel  to  Ox  and  0>'  respectively.  Hence  the  speeds 
u,  V  along  Oa,Ob2LTe:u=.x  —  u,y,v  =  y  +  o> x.  Similarly 
the  accelerations  are  n  —  i»v,  v-\-oiu,  or  x  —  2iay —  la'x, 
y  +  2  (o.i  —  iti'y. 

Now  the  component  forces  applied  by  the  cord  along 
Ox,Oy  are  -mgxil,  —  m  g  r//'.  Hence  we  get  the  equa- 
tions of  motion 

To  integrate  (i)  assume  x  =  aeint,  y  =  bei"i,  where 
i  =  J^^,  and  substitute.     We  get 


a(u,-  +  n-  —  f)  +2bioin  =  o    1 
—  2au,in+b{u,'  +  n'  —  f)  =0] 


(2) 


Putting  gll  =  r  -f  X^  g!l'  =  M=  —  X'  (so  that  \'  is  very  small 
when  /  and  I'  are  nearly  equal)  we  get  from  (2) 


b—  W  n^'  +  io'  —  fi'-X'       /' 


(3) 


where  of  course  i  may  have  either  sign,  to  correspond  to 
that  used  in  the  values  assumed  above  for  x,  y.  From  (3) 
and  (2)  it  follows  that 


—  2i^n  

P  =  «'  -f  »=  -  f '  -^=  ■" 


i.r  -f  «'  —  iJ.'  +\- 
2ion 


.    (3') 


Thus  there  is  a  value  of  p  for  each  value  of  w=  ;  these  can 
be  found  by  (5)  below.     We  shall  denote  them  by  p„  p.. 

Also  by  elimination  of  a  and  b  from  (2)  we  obtain  the 
quadratic  in  n' 

„4  _  2  (w=  -f  fi')  n'  —  2  «>=  -f-  cu<  -t-  /i''  —  X*  =  o,  .     (4) 

of  which  the  roots  are  given  by 

n=  =zo>'  +  ii'±  ^4w>'-i-X<     .     .     .     •     (S) 
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.-c   1 1,1-    I'. 


U  (ulfiUeci.  Both  rooi«  v«  Ihcn  iKMilive  and  Ihcrc  uc  two 
rr  /  .    ■  il  vaIuc. 

('  ..    -♦•    ol     — ,       1 

t\:  11-  value  ol  w'  II 

■■gi)  .If  urcjlct  fUxn  ^"  +  * 

-.1   ;  wIh  i»  real,  hul  i(  •  Ik-  1  - :  .^ 

!  i«  real,  the  other  iiiiut;iiiary. 
.rkahlc.     I-     '  that  if  -•  be 

.  CI)  tu  (hr  the  (act  tliat 

'  c  rod  A  U  i^  o(  little  c«.>n- 
»i  oil  the  rot .«t ion  -ilnMit  the 

V'  Willi    A    '■' 

]•>  low,  hut   M. 

to  realiic  an  arrjii)<cmeiit  which  ha«  lU  centre  ol  gravity 
above  the  point  i4  support,  and  for  which  the  equationi 
ot  stable  motion  axe  exactly  ol  the  form  (l),  but  with  the 
cocffici     ■  ciitially  negative. 

It  \*  ivr  v.ilues  of  n,  given  by  (5),  by 

■1,  M,  wc  liavc  appiuxuiiately 


v«rv  great  the  ^: 

tl.  ' 


"1     —     J. 


8«'C^  J' 


(7) 


where  the  upper  tigns  apply  to  »„  the  lower  to  n,.  It  will 
l>e  seen  that  if  V"  be  &mall  or  •«•  very  great  indeed,  and  still 
more  it  both  of  these  provisos  hold, 


It  may  be  verified  that  the  complete  solution  of  (1)  is 


(8) 


>  =«,  cos  n,t  —  ri,  sin  n,  /  -f  a.  cos  ri,  t  —  fi,  sin  n,  I, 

y=-(a.  sin  n,  /+A  cos  w,  /)  +  i  (a,  sin  n.  /+/J.  cos  n.  /),  f     ^^' 
Pi  p« 

where  p„  ft,  have  the  values  indicated  in  (3'),  and  a„  fi„ 
a.  A  are  constants.  Now  each  p  is  negative  or  positive 
according  -1  ^itivc  or  negative.     Taking  the  former 

case,  and  that  m  is  very  great,  we  have,  in  (9), 

P,  =  p,  =  —  1.     li  wc  suppose  fi,  ss  ^  =  o  we  obtain 

'  :=  a,  cos  n,  / -f  «>  cos  n, /,  y^ — a,  sin  n,  /  —  a.  sinn,/    .(9') 

1  I  refer  to  fixed  rectangular  axes 

I  ...       le  co-ordinates  f,  q.     \Vc  suppose 

that  the  axis  01  x  is  m  advance  of  that  of  {  by  the  angle  m  I. 
We  have 

i^x  cos  1 1  —  V  sin  ••  /,     n^*  sin  ml  +  y  cos  •> I 

substitution  in  this  of  rand  y  from  (9')  gives 

Es:u,  cos  (a,  — »)l  +  a,  cos  (n,  —  m)l, 

»  =  —  a,  sin  (n,  —  m)  t  —  a,  sin(fi,  —  m)  /, 

r  if      B.  — « ;  =  ^  +  x«  (1/^ — iim)!i  m' ;  = ».. 
«.—«■;=— ^ — x«(i/^  + 1/«)/8  «•}=— ... 

{  =  <,  cos  «,!+■,  cos  9,t,    f)  =  —  n,  sin  •,  /  +  a,  sin  «,  /. 


a  circular  motion  of   period  3  r/s,  in 
>n  to   the   rotaliuii,   thuse   in  «,  a  cir- 
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in   two 
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along   a   medium   wtiich   lus   unequal  el 

..  ...  . -r.jp  directions  at  rij.*'"    ■■■•'--   • 

-  mode  to  rotate  wii 

■      111    Ul     the     SS.l\!. 

4   wavelength. 

It    IS   iciaaikatilc   tlial    tile    value 
speed  of  this  turning  of  ihc  plane  ul  , 
the  greater  the  angular  speed  of  the  rouiion. 

[3)  Thtory  of  moving  aifi. — Before  giviiu'  ji. 
Lord  Kelvin's  inathematic;il  papers  on  Gyi 
the  general  results  are  suinm.vizcd  in  the   !.•.>. 
down  here  a  statement  of  the  theory  of  a  single  g>roslal, 
using  a  simple  vectorial   method,  w'      '  !  to  me 

many  years  ago,  of  forming  the  equ^:  :i  in  all 

such  cases. 

Let  O/,  Urn  be  two  axes  moving  in  their  own  plane 
about  the  point  O,  with  angular  speed  •>,  in  the  direction 
shown   by    the    diagram  (,Kig.    19).     Then    O/  is  moving 


or 
cr 

A 
which 
,  I  set 


X 


Klu.  19. 

towards  the  instantaneous  position  of  the  axis  O  ai  with 
angular  speed  •>,  wliile  O  »i  is  moving  awav  from  the 
instantaneous  position  of  U/  with  the  same  a:  .  cd. 

For  clearness  wc  sliall  denote  these  instanlanc^ —  ,  .  ....ns 
by  O  /„  O  m„  so  that  O  /„  O  m,  are  fixed  axes  with  which 
O  /,  O  iM  coincide  at  time  /. 

Now  let  /..  i/  be  directed  quantities  of  the  same  kind, 
associatc<l  u  ';ta 

along  the  .i\  en 

there  are  liiiic-rates  t!  I   tiic  quantity  im   tlic  twx) 

fixed  axes  O  /,.  O  m,  .1  ,.;  to 


/  -  «  «.  i/  +  /.  - 


respectivelv. 
For  let  H  be 

O  tl.  and  let  the  I 
vector  H  a: 
with  which 


■!je 
jn 
At 


VOU  53. 
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time  I  +  dt  let  the  vector  be  represented  in  magnitude 
and  direction  by  O  /;'.  Then  h  li'  represents  in  magnitude 
and  direction  the  change  </  H  in  the  vector  H  that  has  grown 
up  in  tlie  interval  </  /.  and  we  have  ,/  H  =  H  </  /,  where  H 
denotes  the  rate  of  vector  growth. 

But  a  H  is  compounded  of  the  two  vectors  represented 
by  /;  *  and  A  //'.  The  angle  //  O  /('  is  w  d  I,  where  w  is  tlic 
rate  of  turning  of  direction.  Hence  the  magnitude  of 
lik  =  Hiodl,  and  the  magnitude  of  kh'  =  Hdl.  The 
former  is  in  the  forward  direction  at  right  angles  to  O  It, 


F'IG. 


the  other  is  in  the  original  direction  Oh.  The  rates  of 
change  of  magnitude  in  these  directions  are  H  w  and  H 
respectively. 

This  analysis  is  applicable  to  any  number  of  coexistent 
moving  vectors,  for  example  to  the  two  vectors  L,  M 
turning  round  O  (Fig.  19).  Thus  we  get  for  the  total  rate  of 
growth  of  vector  magnitude  along  O  m,  in  that  case  M  +  L  w, 
and  along  O  /„  L  —  M  w. 


Fig.  21. 

In  the  same  way  if  we  have  three  vectors  (of  magnitudes 
L,  M,  jV)  represented  by  O  /,  O  m,  O  n  (Fig.  21),  three  lines 
mutually  at  right  angles,  and  these  be  turning  as  shown  in 
the  diagram,  that  is  the  two  O  )«,  O  n  about  O  /  with  angular 
speed  w,.  the  two  O  ;/,  O  /  about  O  m  with  angular  speed 
wj,  and  the  two  O  /,  O  in  about  O  11  with  angular  speed  wj, 
the  total  rates  of  growth  of  vectorial  magnitude  for  three 
fixed  directions  O  /„  O  m„  O  ;;,  with  which  the  moving 
axes  at  the  instant  coincide  are  respectively 

i  —  W3  M  +  w,  iV,  M  —  w,N  +  W3  L,  N  —w^L  +  w,  M. 


The  values  of  the  quantities  <u,,  Wj,  w,,  L,  M,  N  will  be 
settled  by  the  circumstances  of  the  different  cases.  The 
signs  to  be  placed  before  terms  w^N,  etc.,  will  be  at  once 
determined  by  observing  whether  the  vector  producing  the 
tci  ui  is  turning  lowiinis  or  mcay  from  the  direction  for 
which  the  rate  of  change  is  being  found.  In  the  former 
case  the  positive  sign,  in  the  latter  the  negative  sign,  is  to 
be  prefixed  to  the  term. 

(3)  Theory  of  a  single  gyroslat. — A  gyrostat  is  a  flywheel 
enclosed  in  a  case  or  framework,  wliich  is,  as  nearly  as 
may  be,  symmetrical  about  the  axis  of  the  wheel.  The 
main  part  of  the  mass  of  the  flywheel  is  collected  in  its 
rim,  so  that  the  moment  of  inertia  about  the  axis  is  made 
as  great  as  possible  in  proportion  to  the  whole  mass  of  the 
revolving  part.  The  case  may  be  constrained  to  move  in 
any  specified  manner,  while  the  flywheel  rotates  in  the 
interior  with  an  angular  speed,  which,  if  there  were  no 
friction  at  the  bearings  and  no  resistance  due  to  air  within 
the  case,  would  be  invariable.  We  shall  suppose  for  the 
present  that  this  angular  speed  does  not  change  ;  but  it  is 


-^ 


Fig.  22. 


to  be  remembered  that  in  many  practical  applications  the 
falling  away  of  the  speed  of  rotation  must  be  reckoned 
with.  The  diagrams  shown  in  the  lecture  (see  Figs.  5,  9, 
12,  13)  give  the  construction  of  the  Kelvin  instruments. 

In  this  diagram  (Fig.  22)  the  position  of  the  top  repre- 
sents that  of  the  flywheel  of  a  gyrostat  with  respect  to  a 
known  axis  of  co-ordinates  OZ  (in  many  practical  cases  the 
vertical)  about  which  in  many  problems  the  gyrostat  is 
supposed  to  be  turning  with  angular  speed  i^.  The  axis 
of  rotation  of  the  wheel,  O  C  in  the  diagram,  which 
is  also  the  axis  of  symmetry  of  the  whole  arrange- 
ment, intersects  OZ  in  O,  which  is  not  here  necessarily 
a  point  fixed  in  space.  We  take  the  centre  of  gravity  G 
of  the  gyrostat  and  case  as  origin  of  co-ordinates,  and 
choose  axes  G  C  along  the  axis  of  figure,  G  D  at  right 
angles  to  the  plane  of  G  C  and  O  Z,  and  a  third  axis 
G  E  in  that  plane,  and  perpendicular  to  the  other  two. 
[The  latter  two  axes  are  parallel  to  the  two  O  D,  O  E, 
which  are  shown  in  the  diagram,  and  which  in  many 
cases,  when  O  is  a  fixed  point,  it  is  convenient  to  use.] 
These  axes  move  with  the  plane  of  O  Z  and  OC;  and 
we  consider  also  fixed  axes  G  C„  G  D„  G  E,  with  which 
at  the  instant  considered  the  moving  axes  coincide,  and 
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arrow-liradii  round  UC,  Ul>,  OK  in  llic  dia|>ijm. 

Lcl  M  he  the  angular  !>pced  o(  the  flywheel, «,  thai  o(  the 
-  Akc,  in  each  instance  about  the  aai»  uf  figure.      H  the 

V.  '      ',  '  .;     a^    WC    lu  '         ' 

'■  cii  ».  ami 

'  I'.   Mc   turning  jIk^uI   iIic  ^xa  ul 

1  ,.  .  _       i  V  cost*,  while  the  whole  i*  turn- 

ing atxMit  G  K  with  angular  speed  i^  sun  e,  and  about  U  D 
with  angular  speed  ti.  The  angular  speed  n  is  made  up 
oi  4.  oo»  0,  due  to  the  motion  ot  the  plane  G  OX,  and  the 
•ceil  ■'  with  which  llic  tlywheel  turns  relatively 
:  .lie.     Ill  the  same   way  •>,  may  be   put  equal  to 

.  i-ir.  (•  -f  «.',  where  •<,'  is  the  angular  speed  of  the  case 
relatively  to  the  same  plane.  We  put  •»,  fur  the  angular 
speed  o^  the  case  about  G  K.  Hence  if  the  case  simply 
tui n  with  the  plane  G  O  Z.  m,'  is  zero,  and  •>,  ^  ^  sin  if. 
The  components  of  angular  momentum  of  the  gyrostat 
'  are  C  n  -f  C  »,  about  G  C.  A  tf  about  G  D,  and  A  m,  about 
G  K  where  C.  C  are  the  moments  of  inertia  of  the 
'■  -out  the  axis  of  figure.     The  axes  turn 

V  •4'  cos  «  about  G  C,  «  about  G  D,  and 

utGK. 
.\t..4  iv.i  the  rate  of  growth  of  angular  momentum  about 
the  fixed  axis  G  D,,  with  which,  at  time  /,  G  D  coincides,  we 
have  first  the  term  .\  ».  Next  there  are  two  contributions 
arising  from  the  motions  of  the  axes  GC,  G  K.  They  are 
respectively  (C  »i  +  C'«,}<t  sin  «,  — A*>,  i^cosv,  since  the 
axis  GC  is  approaching  G  D,  while  G  K  is  being  carried 
farther  away  from  that  axis.  Hence  the  whole  rate  of 
growth  is 

A  »  +  iC  «  +  C  w.J  1^  sin  y  —  A  «,  i  c-os  «. 

1 111^  1^  equal  to  the  moment  of  the  couple,  G  say,  apptinl 
.it>out  G  1).,  and  thus  we  get  the  equation  of  motion 

A«  +  (Cn +C'«.)itsine  — A-,  ^cos«  =  G     .     (i) 

If,  as  is  sonieliiiics  the  case,  m.  ^  C  sin  «,  this  equation 
becomes 

A(»+,C» +C'-.  — A^cosw;  ^sin»  =  G.    .    (j) 

\Vc  have  additional  equations  arising  from  the  motion  of 
G,  which,  in  the  im|H>rtant  case  in  which  the  point  O  on 
the  axis  is  fixed,  reduce  to  the  single  equation 


■  C 

for 


1  Ut  iquatiuu  1 

\i,— (C«  +  C'-.  — Af  c»»»#)» 


J   lljJcl  !    Ill*)     \  tUIJ 

H      .    . 
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If  w,  B  ^  tin  •,  Ihik  becomes 

AisinO— (C  » -♦- C'-,  — iA*co«#)»-!  H     .     «S) 

For  the  top  C  v  o,  and  {it  the  top  sptnt  about  a  fixed 

.point)  H  =0,  so  that  ('>i  becomes 


A  ^stn«— (C  «  — 2  A^cos  0)«bo 


<6) 


Finally  for  the  axis  of  figure  we  have  two  equaiioas  : 
first 

C  n  ^  constant (7) 

since  we  suppose  the  friction  couple  on  the  bearings  ol  the 
llywheel  to  be  negligible,  and  second 


C  -  =  K 


.K) 


if  R  be  the  moment  of  the  couple  acting  on  the  (as«  about 
the  axis  of  figure. 

It  may  be  remarked  here  that  the  energy  equation  is 

J(M  li'i'  +  C  II"  +  C  -.'  +  At*"  +  A-.'i  +  V  =  coastant     (9) 

For  the  top  spinning  about  a  fixed  point  on  the  axis  of 
figure  there  is  an  equation  ot  constancy  ot  angular 
momentum,  namely 


A  V  sin-  M  +  C  'I  cos  M  =  1, 

where  I  is  the  angular  momentum  al 
For  this  case  C    is  zero  and  G  = 
is  the  whole  mass,  and  k  is  the  dl^°. 
Cnivitv  from  the  yoiat  of  support. 


lioj 


lere    M 
of 


Mi'c=\ 


O) 


A««  +  iC  n  — A  <^cos<))i&ia0sM;Jh  sine.  .    in) 

In  this  equation  A  has  been  taken  as  the  moment  ot 
inertia  about  an  axis  transverse  to  OC  through  O,  the  fixed 
point. 

(4 1  Steady  mohon  of  a  top  or  gYrctlat.^W'c  now  coastdcr 

the  sti  .  ore 

manv  <  'he 

pi  >    ui    a   K.^ 

a>.  •  -■ '.  §  O)-      ^ 

the  g\ :  1  at  a  point  O  on  the  axis,  al  distance 

h  from  ;,. gravity,  as  in  Fig    »».     T^>r    iv,  ~  i>C, 

CD,  O  E  parallel  to  the  axes  >|»ccificd   111  .p- 

posevldiaw:   '  •  as 

moi-.ieiit  M  .  >^y 
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motion  value  of  li-,  we  get,  since  the  condition  for  steady    j 
motion  is  e  =  o,  ()=  o, 

(C»/ +  C'..<,  — A/<cos0)/<sinO  =  !M.^//sine     .     (i) 

Since  tlie  motion  is  steady  C  u,  must  be  constant,  and  so 
\vc  may  regard  this  term  as  included  in  C  n,  so  that 

(Ch— A^cosO),isine  =  M5/;sin9  .    .     .    (2) 

If  e  is  not  zero  this  equation  can  only  be  satisfied  by  the 

condition 

(C»J  — A/icos9)/i  =  UgJi 

or  A  cos  e.ii-  —  Ciifi  +  Ugh=o       .     .     .    (3) 

The  roots  of  this  equation  are  real  if  C=H">4AM^/;cose. 
Unless  this  condition  is  fulfilled  steady  motion  is  not 
possible.  For  example,  a  top  cannot  spin  upright  unless 
C'/i=>  4AM^?/;. 

The  sum  of  the  roots  of  (3)  is  C  ;i/A  cos  9,  and  their  pro- 
duct is  M^///Acos0,  and  therefore  if  Cii  be  very  great 
there  is  a  large  root  and  a  small  one.  The  latter  is  given 
to  a  first  approximation  by  disregard  of  the  term  in  n',  so 
that 

''  =  -c7r ^^' 

The  former  is  given  also  to  a  first  approximation  by  dis- 
regard of  the  term  Mgli,  and  we  have 


M  = 


C» 
A  cos  y 


(5) 


The  root  given  in  (5)  is  very  approximately  correct  when 
;;  is  very  great,  that  is  when  C  n  is  very  great  in  comparison 
with  M  gli.  It  then  arises  from  the  very  nearly  exact  com- 
pensation of  the  rate  of  growth  of  angular  momentum 
C  lift  sine  (due  to  the  turning  of  the  axis  OC  towards  the 
instantaneous  position  of  O  D,  with  angular  speed  yusinfl 
about  O  E)  by  the  rate  of  growth  —  A  f<=  cos  9  sin  0  (due  to 
the  turning  of  O  E  away  fronii  the  instantaneous  position 
of  O  D,  with  angular  speed  /i  cos  9  about  O  C). 

To  carrj'  these  approximations  to  any  desired  higher 
degree  of  accuracy,  write  a  for  Ch/A  cose,  h  for  MghjAcose. 
The  quadratic  (3)  becomes 

/i'  —  (7/1-1-6=0 (6) 

We  can  express  this  as  a  continued  fraction  for  the  calcu- 
lation of  the  small  root.    We  have 


''=. 


a  —  fi      a  —  a  —  /i       a  —  a  —  n.  —  /i 
and  so  on.     For  example,  take  the  second  approximation, 
b     b  b  n  h 


(7) 


This  gives 


Mgh 
The  third  approximation 


?( 


1  + 


Ugli  A.  cos  6^ 


) 


b        h     b       b /■         b   ,      /.=  \ 
a  —  a  —  a      a\         a"         a'/ 


gives 


_Mgli  ( 


1  + 


M^/;  A  cose 


Since  the  sum  of  the  roots  is  C/i/Acosfl,  the  successive 
approximations  to  the  large  root  are  obtained  by  subtract- 
ing the  values  obtained  for  the  small  root  from  this 
quantity.     We  have  therefore 


(8) 


M'^^A^A'cos^ev  . 


C;j 


'A  cos  e' 


/'  = 


C» 


Wgh 


A  cos  e 


c» 


_    C  n Wj.  Ii  (     ,  M^ ''  A  cos9\ 

''"Acose        C»    V  'C»n=       ) 

Uulif    ,  Mg/i.\cos9_,M^i'A^cos^\ 


Cit 
A  cos  9 


(10) 


These  are,  of  course,  also  the  values  obtained  by  the 
other  continued  fraction  form  of  (3)  given  by 


,,  =  a  — 


that  is 


/I  :=  a  — 


a  —  a  —  a  — 


(12) 


From  the  discussion  given  above  it  will  be  seen  that  if 
e  =  J  TT,  the  larger  root  of  the  steady  motion  equation  (3) 


Fig.   23. 

is  infinite,  so  that  there  is  only  one  realizable  value  of  /<, 
that  is  ,<  =  U  ghIC  n.  If  9  be  greater  than  \  v,  the  value 
of  the  larger  root  C  "/A  cos  6  is  negative.  Thus  take 
the  three  positions  of  the  gyrostat  shown  in  the  diagram 
(Fig.  23).  If  the  direction  of  rotation  of  the  flywheel  be 
the"  same  in  all  three  (that  is  counter-clockwise  as 
viewed  by  an  eye  looking  towards  O  along  the  axis 
of  rotation  from  the  side  of  the  gyrostat  remote 
from  O)  the  direction  of  the  precession  measured  by 
the  root  which  is  approximately  M  ghIC  n  is  counter-clock- 
wise, to  an  eve  looking  towards  O  from  Z,  for  all  three 
cases.  The  turning  motion  given  by  the  other  approxi- 
mate root  is,  when  looked  at  in  the  same  way,  in  the 
counter-clock  direction  in  case  {a),  and  is  reckoned  posi- 
tive ;  in  case  (6)  it  is  -fee  when  the  angle  Z  O  C  is 
infinitely  little  less  than  \  tt,  and  is  —  m  when  that  angle  is 
infinitely  little  greater  than  \  tt,  and  in  case  (c)  for  which 
the  angle  ZOC  is  between  ^  tt  and  -rr  it  is  negative,  that  is 
clockwise,  and  of  numerical  value  C  «/A  cos  9^. 

It  will  be  observed  that  if  small  quantities  be  neglected 
the  large  root  is  independent  of  the  applied  couple.     Thus 
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that  the  excess  of  kinetic  energy  at  the  lower  circle  above 
that  at  the  upi^er  is  represented  by  the  kinetic  energy  ol 
the  a/imutha]  motion  there. 

The  motion  i^.  Iiowever.  .ipparcntly  steady,  as  the  oscil- 
lations from  liinitiii);  circle  lo  limiting  circle  arc  very 
small,  aiid  the  mean  angular  speed  is  as  stated  above. 
When  the  spc-t-d  cf  ^yu\  is  not  very  great  the  limning 
circles  are  \v  I  then  tlie  motion  can  be  worked 
out  c<.>inplt-;  ry  of  elliptic  functions. 

The  general  theory  shows  that  if  a  system  have  an  even 
.lumber  j  n  of  freedoms,  all  unstable  or  all  stable  without 
spin,  the  system  if  unstable  before  spin  is  completely 
St..'  '.'.'.  and  if  stable  before 

sj  lie  (I  small  roots  givt-n 

by  .>ii  cc  and  n  large  roots  given 

by  ai;  degree.     Tlic  latter,  if  the 

s;  .:iy  ■'  adynamic." 

". .  ^  , ,;  increasing  or  diminish- 
ing the  applied  couple  \l  gk  siu  0.  Going  back  to  (3)  let 
Mgk  be  increased  to  Mgh  +  S,  so  that  an  additional 
couple  N  sin  V  about  the  axis  O  D  is  applied,  and  let,  as  is 

iiesame 
.  .jn 

A  cos  6 .  ti'  —  C  M  /I  -^  M  i  *  =  o, 

.e  value  ft  of  the  precession  under  the  enhanced  couple 
given  by 

Acos».0„-,.)0.-;h)=N  ;    .    .     .    (13) 

'  that  (since  cos  9  is  supposed  to  be  positive)  ^  must  be 
uctwccn  the  tw.  ■'      '  ^,  and  Iho  small 

value  ;•„  which  I  M  i;  *  sin  9. 

The  increase  duuiiu^hes  the  large  root 
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the  disturt>ed  value  corresponding  lo  «  +  ■.     Since  in  the 

steady  motion  V^  =  o,  equation  tjl  *^f  •  < j'  becomes 

(M 


Aa  -♦-  r  =0  .         .     .     . 

where  I'  is  what  the  expression 

(C  n  —  AC'  cos  0)  ^  sin  tf  —  M  ^  A  sin  9 

becomes  when  0.,  -t-  a  is  put  for  0,  and  />  +  ^  ior  i.  The 
expression  ^-anishes  for  0^0.  and  ^  ^  /•,  and  therefore 
since  the  changes  are  small  1 1 )  becomes 

Aa+   ju'CCn  —  A  y  cos  0)  1^  sin  0  —  M  j  Ibsin0' aso,    (i) 
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5) 


we  obtain  easily 

A>'«r-KA>*  — sM^AA/iCOs'fl. -hM'^'fc'  .  =  0  .  (4) 

The  quantity  within  the  b-^-. -V   •  -.      'e  written  as  the 

sum  of  two  squares  and  is  :  ve.     Hence  the 

deviation   from   steady  motion    u  u^^iiaioni',  in  the  real 
period 

1  W  A  !• 


T  = 


(A*  i<«  —  1  Jl  jf  A  A  M*  co>  t«   -^M  ..'*•' 


5) 
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The  disturbance  has  been  supposed  such  as  to  leave 
equation  (ii)  §  (3)  still  applicable,  or  what  amounts  to  the 
same  thing,  leave  the  angular  momentum  about  the 
vertical  unchanged  ;  for  example,  a  small  vertical  impulse 
would  fulfil  the  condition.  But  a  similar  result  would  be 
obtained  for  any  small  disturbance,  as  can  easily  bo 
verified. 

It  may  be  noticed  that  if  the  top  is  spun  very  fasl  so  that 
the  smaller  value  of  the  angular  speed  (approximately 
MglijC  n)  is  very  small,  the  period  of  oscillation  about  the 
steady  motion  with  this  value  of  /n  is  approximately 
2  TT  A/Ch.  This  may  be  verified  from  (5),  or  by  neglecting 
all  the  terms  in  the  brackets  in  (2)  except  C«,  and  using 
A  sin  So  rfii/rf  9  =  C II,  instead  of  (3),  when  the  result  follows 
at  once.  This  approximation  to  the  period  is  independent 
of  0. 

Again,  if  the  top  is  spun  very  fast,  the  period  of  oscil- 
lation about  the  steady  motion  for  the  large  value  of  fi  is 
approximately  2  n-lfi,  that  is  the  period  of  revolution  of  the 


Fig.  24. 

axis  in  the  precessional  cone.  This  follows  from  (5), 
because  then  the  denominator  on  the  right  becomes  A  /i= 
very  nearly,  so  that  T  =  2  7r//i.  Thus  in  one  half  of  the 
revolution  the  axis  is  above  the  steady  motion  position,  in 
the  other  half  below  it.  This  period  is  2;rAcos9/CH. 
For  0=:o,  the  upright  position,  it  agrees  with  the  other 
period,  and  varies  from  that  to  zero  for  different  values  of 
e  from  o  to  ^  TT. 

(6)  Problem  of  stretched  cliaiii  of  gyrostats. — We  can  now 
apply  these  equations  in  particular  cases,  and  we  take  first 
Lord  Kelvin's  problem  of  the  stretched  chain  of  gyrostats. 
The  cnain  consists  of  equal  gyrostatic  links  alternating 
with  ordinary  rigid  connecting  links  all  of  the  same  length 
and  supposed  to  be  of  negligible  mass.  In  Lord  Kelvin's 
scheme  the  connection  at  each  junction  is  made  by  a 
universal  flexure  (Hooke's)  joint,  and  the  chain  forms  an 
open  plane  polygon  held  at  its  extremities  A,  B,  in  the 
line  ZZ'  (Fig.  24),  by  joints  of  the  same  kind,  and  the 
whole  turns  with  uniform  angular  speed  n,  without  change 
of  configuration  about  the  line  AB.  It  is  required  to  find 
the  form  of  the  chain,  when  the  inclination  of  each  hnk 
to  the  line  A  B  is  very  small. 

A  gyrostatic  link,  the  A:th  in  order,  which  we  shall  refer 


to  as  L/.,  is  indicated  in  the  di.agram  (Fig.  24)  with  the  con- 
necting links  at  its  ends,  wliich  we  shall  denote  by  I/.,  /*+,. 
[It  is  to  be  remembered  in  what  follows  that  the  line  A  B 
and  the  line  Z  Z'  of  the  diagram  are  the  same.]  The 
length  of  each  L  is  a,  and  of  each  /  is  h.  We  put  0{.  for 
the  inclination  of  the  axis  of  L^.  to  A  B,  <in,  <pi^,  for  the  incli- 
nations of  /^.,  1/.^,  to  the  same  line,  j^  for  the  distance  of  the 
controid  (the  centre) of  L^.  from  tlie  line  AB,  and  m  for  the 
mass  of  L^.  We  proceed  at  once  to  tlie  case  in  which 
the  angles  here  specified  are  all  very  small. 
We  get  first  the  geometrical  equation 

)'<+■  — V*  =  ^  «  (8i+,  +  9*) -f /)  0i (i) 

Next  if  P  be  the  component  parallel  to  A  B  of  the  pull 
along  a  link,  we  easily  see  that  for  equilibrium  tliis  must  be 
the  same  for  every  link.  The  component  of  pull  at  right 
angles  to  A  B  is  P  tan  tpg.  =  P  <pi.  We  obtain  the  equation 
for  the  acceleration  of  the  centroid  of  L^  as  it  moves  in  its 
circular  path  about  A  B  with  angular  speed  ft 

»!,<-)'i  =  P(^,.— ^*+0 (2) 

Finally  we  obtain  the  gyrostatic  equation  [see  (2),  §  (3) 
above] 


ABi  +  {Cii  +  C  <u,—  A/i)/.  0*=  i  P  a  ifi+,+  <Pi—  2  ( 


(3) 


The  quantity  on  the  right  is  the  approximate  value  of  the 
moment  of  the  forces  on  L^.  taken  about  an  axis  through 
the  centroid  of  L^-  at  right  angles  to  the  plane  of  the 
polygon,  an  axis  corresponding  to  G  D,  of  §  (3)  above. 
[The  exact  value  of  the  moment  is 

■|  P  fl  I  (tan  ^i+,  +  tan  (j>i)  cos  9^  —  2  sin  S,,  \  ] 

The  only  quantity  undetermined  in  this  equation,  (3),  is 
w,.  This  is  given  by  the  geometry  of  the  Hooke's  joint, 
which  is  equivalent  in  its  action  to  a  short  piece  of  quite 
flexible  but  untwistable  wire  connecting  the  adjacent 
links.  Each  L  when  thus  joined  behaves  as  if  the  gyro- 
static axis  were  prolonged  to  intersect  the  line  A  B,  and 
were  there  held  by  such  a  piece  of  wire  in  line  at  one  end 
with  B  A  and  at  the  other  with  L.  The  instantaneous  axis 
about  which  L*  turns  bisects  the  angle  supplementary  to 
dt.  If  o)  be  the  angular  speed  of  L^.  about  this  axis,  we 
have 

w  sin  J  (tt  —  9^)  =  II  sin  dt 


I  =:  2  ^t  sin  J  9*  . 


(4) 


This  resolves  into  a  component  2fi  sin'-Je/.  [=/<  (i  —  cos  9*)] 
about  the  axis  of  L/.,  and  a  component  /i  sin  9^  about  the 
axis  G  E  (§  (3) )  drawn  in  the  plane  of  the  polygon  at  right 
angles  to  the  axis  of  L*.  Hence  w,  =  2  ^t  sin^  -J-  9^,  which  is 
negligible  when  9t  is  very  small.  Even  if  this  angular  speed 
were  not  negligible  the  smallness  of  C  would  render  the 
term  C'w,  inappreciable.  The  precise  mode  of  connec- 
tion is  thus  of  no  consequence.  It  is,  however,  to  be 
remembered  that  the  angular  speed  /i  about  A  B  gives  a 
component  ficos9i  about  the  axis  of  L^  by  which  the 
turning  of  the  axis  G  E  is  to  be  reckoned,  and  a  com- 
ponent/i  sin  9t  about  GE  which  gives  the  turning  of  the 
axis  of  the  flywheel  towards  G  D,.  Equation  (3)  thus 
becomes 


A  9i  +  {Cn  —  A  /()f  6i=  i'Pa  (0*+.  +  ^*  — 2  9^) 


(5) 
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(7) 


Thu>  wc  gci,  cliinmauiig.v*. «»«,  and  fj.tlic  detcrmiiunul 
equation 

E'  — 1(1— <)E+I=aO (8) 

where  <•  =  »«,.•( P. I*  +  fr.vP(4f+  m;i',j'V 

1(  now  wc  suppose  that  i  —  f  <  I,  a  condition  fullillrd 
by  nuking  I'  sufficiently  grt-ut,  and  supposing  that  ^  is  the 
smaller  of  the  two  roots  of  the  quadratic  ui  ft  which  (3) 
becomes    when    0,  =  o,    we    get    from    (8)    by    writing 

1  —  e  ^=  cos  a, 

E  =  cos  a  ±  /  sin  a (9) 

and  tliercfore, 

v.  =/(cos  *  a  +  I  sin  ik  «;  +  i  lco>  ka  —1  sin  *  a)     .  (lo) 

To  obtain  from  this  a  real  solution  we  put  i/=A  —  1  B, 

2  ;  =  A  +  I  B,  and  obtain  from  (10) 

Vt  ^  AcosJt  a  +  B  sin  Jl  a (Il) 

U  X.  denote  the  coK>rdinate  parallel  to  A  B  measured 
from  the  centre  of  the  link  L^  we  have 


so  that  (11)  becomes 


j.  =  *^d  +  6). 


,  a  .r»     ,    ,,    .       aXt 


('») 


Thus  the  centroids  of  the  g>'rostatic  links  lie  on  a 
harmonic  curve  of  wave-length  2w(a+  b)la,  which  may  be 
regarded  as  the  projection  on  a  plane  through  A  B,  of 
the  helical  configuration  of  the  particles  in  a  circularly 
polarized  wave.  The  period  is  2  wj/t,  and  therefore  a 
circularly  polarized  wave  is  propagated  along  the  chain 
at  speed  ^  (a  +  6  i/a,  ^  V,  say.  But  i  —  <'  =  cosa,  so  tliat 
e  =  2  sin'  \  a,  or,  to  terms  of  the  >econd  order  inclusive, 
.1  =  Ji  t.    Thus, 


V  = 


The  exact  ^-alue  of  ilze  is  [see  (t«i  above  J 
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But  if   the  links  be  \ery  small  and  I'  be  \rry  great,  the 
value  o(  1/1  e  gives  approiiuuiely 

^'i(      y/  m  id  ■{■  bj\    "*"  *  I' (a  -t-  b    "  f  ' 
or  i(  A  It  Ite  neglected 

v=    /'•■'- *'(,^  J 
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I  in  the 
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therefore  a  very  small,  and  the  wave-length  jwya  +  bjim 
very  great)  and  there  be  coONcquei^"'  1  - -^  number  in 
the  wave-lfiigih,  the  velocity  of  (>  i>  that  ol  a 

wave  of  transver>c  displacement  ali-ji,;  a  stretched  cord 
multiplied  by  the  factor  1  -♦- C  »!>■  i  Pu  -«- 6  . 

If  X  be  the  wave-length,  then,  since  2  r!p  is  the 
period,  we  have  apf>roximately  X/i/j  w  =  ^'PtJ  +  *),"». 
or  P  (d -f- 6)  =  M  X>'/4  r*.  L'sing  this  in  Ibe  foctor 
I  +  C  n  ,il2  P  (.1  -t-  b)  we  get 


^V'V-*'('^  "■,-'.) 


i6» 


or  substituting  2  w  V/X  for  ft 


^-V         m        l'+'-.VxJ  =  V  ".— +'.^*'7> 

nearly. 
Thus   we   sec  that   the  velocity  of  propagation  ol  the 

circularly  jKilariled  wave  '.  .  i-d   by  an   ..  -.^ro- 

p<irtioiial  to  the  angular   1  C  ■  of  a  :  ood 

luver^i 

It  \^,  tatic  trrtn  in  the 

value  ol   V  changes  sign  it  the  di.'i^'  '.  •  .:ion 

about  the  hue  A  B  is  reversed,  wluii:  \:.^:  l1  iiic  iLiiiion 
of  the  flywheel  remains  unallet'ed,  or  vice  versa.  For 
either  of  these  cases  we  have  a  new  vekxrily  V  of 
propagation  and  a  corresponding  wave-length  given  by 
1  r/|i  =  X'/V.    The  difference  ot  the  velocities  is 


V  — \=i 


C  n 
m  X 


(l«) 


The  more  exa<a  value  of  the  velocity  of  propagation  in 
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this  case  (h  and  /i  in  opposite  directions)  is  obtained  from 
(14),  which  liccomcs 


V'.  =  P ("+<>)  f  I  _       (/3"+7mV 


1 


P-j(/3"  +  r/')/' 


(19) 


Also  from  (14)  we  see  that,  for  n  and  /i  in  the  same 
direction,  V=  is  still  positive  when  for  P  is  substituted  — P, 
provided  the  numerical  value  of  P  lies  between  certain 
limits,  that  is  the  motion  is  then  still  possible  under  thrust. 
This  point  is  not  dealt  with  in  Lord  Kelvin's  paper.  If  we 
examine  (14)  we  see  that  if  we  take  P  as  the  value  of  the 
thrust,  reckoned  positive,  it  must  lie  between  the  limits 
[fin  —  y/i)/i(i  +  6/a)  and  (/3»j  —  y/t)/t6/a'.  It  is  assumed  of 
course  that  fin>yit. 

In  the  case,  19),  above,  in  which  h  and  /i  are  in  opposite 
directions  (n  and  fi  being  the  positive  numerical"  values) 
V'=  is  positive  when  P  is  greater  than  (^  11  +  y/ii)/'(i  +  ^1")' 
and  also  when  P  is  less  than  (jin  +  y/()/t6/a.  When  P  has 
a  value  between  these  limits  V'  is  negative  and  the  motion 
is  impossible.  The  motion  in  this  case  is  not  possible  at 
all  under  thrust.  The  limits  of  tension  just  given  are, 
it  will  be  seen,  in  a  sense  complementary  to  those  of  thrust 
in  the  other  case. 

It  is  important  to  notice  that  the  gyrostatic  chain  has 
been  supposed  to  lie  at  each  instant  in  a  plane  harmonic 
curve  having  the  line  AB  (or  ZZ',  Fig.  24)  as  axis.  It 
therefore  does  not  directly  represent  by  its  motion  a 
circularly  polarized  wave.  For  that  we  should  have  to 
suppose  the  gyrostats  to  lie  at  each  instant  on  a  helix 
having  A  B  as  axis,  and  all  the  gyrostats  to  turn  at  the  same 
speed  in  equal  circles  round  the  axis.  By  a  similar  analysis 
to  that  given  above,  the  wave  velocity  might  have  been 
found  for  this  more  general  case,  instead  of  that  chosen 
by  Lord  Kelvin.  We  should,  however,  have  obtained 
precisely  equations  (14)  and  (19)  above  :  indeed  it  is  not 
verj'  difScult  to  see  without  further  analysis  that  this  must 
be  the  result.  Hence  the  investigation  given  above  illus- 
trates circularly  polarized  waves  precisely. 

Now,  returning  to  equation  (18),  imagine  two  chains  of 
gyrostats  in  all  respects  the  same  as  to  lengths  of  links, 
masses,  and  angular  momenta  of  flywheels,  to  exist  side  by 
side,  each  turning  in  steady  motion  with  angular  speed 
numerically  /i,  one  about  a  line  A  B,  the  other  about  a 
parallel  line  A'  B',  but  in  opposite  directions,  and  having 
each  the  configuration  shown  above  to  be  necessary  for 
steady  motion.  The  wave-lengths  will  be  X  and  X'  and  the 
wave-velocities  V  and  V. 

The  amount  of  turning  per  unit  of  distance  travelled  is 
2  7r/\  in  one  case  and  2  ?r/X'  in  the  other.  The  difference  is 
2  7r(i/X'  — i/X)=,t(V  — V')/\'V'.  Using  Vp  {a  +  b)lm  for 
both  V  and  V  in  the  denominator,  we  get  for  the  differ- 
ence of  turning  specified  the  value  2  ttCh /x  P{a  +  b)\. 

These  two  waves  are  analogous  to  the  oppositely 
turning  circularly  polarized  waves  into  which  a  plane 
polarized  wave  received  by  a  medium  dominated  by  a 
distribution  of  quasi-molecular  gyrostats  is  resolved  by 
the  medium.  Half  tlie  difference  just  found,  that  is 
«•  C  M  /i/P  (a  .-f  b)  X,  corresponds  to  the  turning  of  the  plane 
of  polarization  per  unit  distance  travelled  by  these 
waves. 


(7)  Continuous  claslic  medium  loaded  wilh  small  gvrosiais. 
— Consider  a  medium  endowed  with  rigidity  and  contain- 
ing a  uniform  distribution  of  quasi-molecular  gyrostats,  the 
axes  of  which  are  similarly  directed.  A  plane  wave  travels 
along  this  direction,  which  we  take  as  that  of  the  axis  O  z. 
The  displacements  in  the  wave  are  transverse  to  this 
direction,  and  at  any  point  O  are  supposed  to  be  resolved 
along  two  axes  O.v,  Oy  at  right  angles  to  one  another  and 
to  O  5. 

Consider  an  element  of  length  </;,  at  the  centre  of  which 
is  the  point  O,  and  let  its  cross-section  have  dimensions 
d  X,  dy.  Let  the  distributed  angular  momentum  (A.M.)  be 
N  per  unit  of  volume,  so  that  the  A.M.  of  the  element 
is  li  dx  dyds,  and  the  displacements  at  the  centre  O  be 
5,  J)  in  the  x  and^  directions  respectively.  The  element  is 
turning  with  the  angular  speeds 

-  :^^  about  axis  of  y, _  rJ  about  axis  of  .v. 

In  consequence  of  this  turning  there  are  rates  of  growth 
of  A.M. 

-  N  — ,  --^  da:  (i  y  rf  2,  about  axis  of  x, 
2      3  ^3  « 

—  -  N .— -  —-i  d  X  d  V  d  z,  about  axis  of  y. 
2       3/32  ^  -^ 

Hence  there  must  act  on  the  element  couples  about  these 
axes  given  by 


V  dxd\dz  =  -^^}^  dxdy  dz 
2      3/3  2 

■     qdxdydz  =  —  \^^/^^dxdydz 


■     (I) 


These  are  due  to  tangential  stresses,  and  these  stresses  it  is 
easy  to  see  must  be  equally  distributed,  for  the  axis  of  x, 
over  the  two  sets  of  planes  parallel  to  that  axis,  that  is  the 
tangential  stresses  must  be  equally  of  the  types  (Y  Z),  (Z  Y) ; 
and  similarly  for  the  axis  of  y  the  tangential  stresses  must 
be  equally  of  the  two  types  (X  Z),  (Z  X). 

The  tangential  stress  at  the  point  O  is  thus  ^  P  in  the 
direction  of  z,  and  —  ^  P  in  the  direction  of  y  for  the  planes 
parallel  to  the  axis  of  .v.  Similarly  we  get  stresses  \  Q  and 
—  J  Q  for  the  planes  parallel  to  the  axis  of  y.  We  denote 
the  forces  in  the  directions  of  Ox  and  O^  by  X,  Y 
respectively. 

These  shearing  forces  vary  from  point  to  point,  and 
clearly  the  body-force  in  the  direction  of  O.v  is  for  the 
element 


3X 

3 


^^dz.dydx  =  ~'^  ^X\dxdydz 
32  ■'  43/32=         -^ 


(2) 


Similarly  the  body-force  in  the  direction  of  Oj"  is 


V^rfz.rf.vrfy  =  — -N  A^rf.vrfyrf.2.     .     (3) 
3  2  '  43/32=         ■'  \^i 

Thg  resyltEint  forces  applied  in  the  directions  Ox  and 
Oy  by  the  shearing  stresses  due  to  the  ordinary  rigidity 
are,  if  fi  now  denote  ilie  rigidity  modulus, 


ii^-—dx  dy  dz, 
3  2=  ^ 


u  - — -  d  X  d  y  d  z. 
3  s 


I 
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liriK'r  wc  il>|jiii  i!;r  rijiulK>ii>  ••<  i' 


[Kqualionk  prrctteiy  amiUr  to  (4)  can  he  obtained  (or  the 
|<rofa^tion  of  :t  .  ' 
ing  nirxtuim  <•<  ■ 

O  r  t 

I  (Hticniiat,  »iui  <  j  coiiManl,  liic 

,   - .■    .— ~ -•=«• 


I'l.M  v't'*"  '^  ^'  -*-^ —  * 


Iter  w  lk« 


i, »>«*<•' 


TJti»  givc» 


^  r  "  K  ^  J . 


.    -  I 
•4» 


TtmsCU  toaconkiant  the  analogue  o(  N,  the  A.M.  per 
u:  c-  in  tlie  g>TONtatically  leaded  medium.] 

;s{<(-i,    .    .  .    (6) 

we  repUce  iiic  two  cqiutions  of  (4)  by  tlic  Mnt;ir  equation 


Dr 


(7) 


It  will  be  obser\'ed  that  geometrically  Z  denotes  the 
\'ector  oi  which  the  components  are  {,  q,  and  that  if  C  be 
proportional  to  e""''",  and,  as  we  assume  for  the  present, 
B  '  it  >i  /  in  J  is  positive.     The  equa- 

ti  iltiii^  Z^l  —  <  ■•.  but  this  would 

n  : ,  and  its  time  argument  is  —  n  I. 

li  I  hat  if  we  suppose 

:  =  (.  +  ./!)«'««•—• (8) 

we  obtain  a  definite  quadratic  equation  for  m*  («  is  sup- 
pi'  '  '  ihration).  Thus  we  get  two 
%.'  i>,  for  the  ratio  ii,m,  which 
is  ■  ...  One  of  these  is  the  speed  in 
tl                                                '  ther  is  the  speed  in  the  negative 

1  ,       11  ;  =  £  —  l^  leads  to  another  quadratic 

equation,  which  gives  the  speed  of  propagation  in  the 
positive  and  negative  directions  when  the  sign  of  the 
argument  a  /  is  reversed.  Thus,  in  these  two  ways  of 
Ci'     '  .1   biquadratic 

SI  for  the  two 

C'  aiiii     .til    cuuliisiuii    13    avoided    in    the 

di  I  tlie  four  roots. 

From  [p)  we  obtain  by  substitution  in  (7) 


"=•«>»(»•/  — w:)  +  *■  co»(«/ +  Bir) 
—  fi  timn  I  —  m  t)  -  tf  Hu(a/  -f  ««) 

-■if)  +  /rcio«(«l+  . 

_   '.  I—  mti  -i-  m  %10  in  r  -  :  •) 

Thus  we  obtain 

{asa  COs(«/  — M!)  -f  «  cos  (■/4- Ms)  I 

—  ^s<n(af  —  Mf)— 4'sin(af  +  ai;^l 

n  ^fi  COS  (a  /  —  m  «)  +  3'  coi  ■  x  /  +  w  .•  >  1 

-f-  u  sin  (a  /  —  ms)  i-  *'  sin  la  f  +  ais)) 

The    c^rre^pondifi",;    di-plicemenH    in    the    cnmp^nnd 
wu  d 

^y  .  „       .      . ad 

M,  for  M.  on  the  understanding  that 


"    I  _     /"  /  I  _  '    ^  " 
-.\        V  r^         6     ^    J    •     • 


d  the 


where  on  the  right  n  is  sui —      -.1.1-- 

quantity  on  the  left  is  the  n  1. 

These   results   can  I'  .  s. 

For   example   the  di~)  ^i. 

izcd  waves  of  amphtudca  o„  ■,  uuy  be  wtittro  ym  pouuvc) 


J  =  a,  cos  (a  /  —  m  :   +  «,  cos  (a  /  —  «i 
•I  =  u,  sin  (a  /  —  at  ;)  —  a,  sin  (a  /  —  m,  . 


5) 


T1>e  first  term*  on  the  riijht  of  /ir*  f'.iken  tojether  Con- 
or 
e 
I   riywiieels  ;  the  two  second  terms  give  aci:  cd 

I    wave   in   which   the   circular   motion   is   ;..    ;  le 

direction.     Both  waves  travel  in  the  same  &..  .e 

first  with  speed 


fi  m"  —  p  n'^  —  J  N  m*  a 
»"•      p\        4    »  J 


19) 


But   nim  =  V,  the  speed    of  propagation    of    the    wave. 
Hence,  if  Na  be  small  in  comparison  with  n  we  get 


'>) 


7) 


v-±v/;(-;^^)--  ■• 


do) 


the  second  with  speed 

i=vj('~»  v) 


For  a  plane  poiarucd  beam  we  take  a,  =  a^  The  two 
oppositely  circularly  polarized  waves  would  travel  ooit 
distance  in  the  respective  times 
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Hence  in  a  maintained  train  of  plane  polarized  waves  of 
definite  frequency  "/i  tt  one  circular  motion  will  gain  on 
tie  otiier,  per  unit  distance  travelled,  by  the  angle 


4     /' 


and  the  plane  of  polarization  will  turn  through  half  this 
angle. 

It  is  interesting  to  compare  this  with  the  turning  of  the 
plane  of  polarization  suggested  by  the  two  chains  of  gyro- 
stats described  at  the  end  of  i  6.  As  in  that  discussion  /i  and 
II  were  used  as  the  angular  speed  of  the  chain  about  tlie  line 
A  B  and  the  angular  speed  of  the  flywheels  respectively  ; 
while  here  /<  denotes  the  rigidit}'  of  the  continuous  medium 
and  H  the  so-called  "  speed  "  of  the  impressed  harmonic 
motion,  we  express  the  two  rates  of  turning  in  terms  of 
wave-velocity  and  wave-length,  and  write  L  for  the 
angular  momentum  of  a  flyvi'heel  so  that  C  «  =  L. 

The  relative  turning  for  the  gyrostatic  chains  was  found 
to  be  2;rC«/</P((i  -I- 6) X,  which  if  V=»;  be  put  for  P(a-f  6) 
becomes  2  -  L  itjiii  \'-  X.  But  /i  X/2  n  =\',  so  that  j«  ^  2  ttV/X. 
Thus  the  relative  turning  for  the  chains  is 


4ir= 


III  V  \' 


The  relative  turning  of  the  two  circularly  polarized 
waves  in  the  gyrostatic  medium  is  J  Nh=/^V,  where  the 
letters  n  and  /i  have  the  different  meanings  referred  to 
above.  But  /i  =  p  V=  and  «  X  =  27r  V,  so  that  V=  =  "°X=/4  tt', 
and  /i  =  /)H=X'/4  T=.  Hence  the  relative  turning  in  this 
case  is 

p  V  x= 

The  two  expressions  are  thus  quite  analogous,  with  the 
correspondence  N,  p  to  L,  m.  They  differ  only  by  a 
numerical  factor  which  arises  from  the  fact  that  in  one 
case  we  have  a  chain  revolving  in  free  space,  and  in  the 
other  gyrostatic  elements  of  a  rigid  medium  moving  under 
the  control  of  the  rigidity. 

It  will  be  seen  that,  in  either  of  the  gyrostatic  illustrations, 
if  the  plane  polarized  system  of  vibrations  be  reflected 
back  after  passage  in  one  direction,  the  turning  in  the 
second  passage  will  be  in  the  same  direction  as  in  tlie  first, 
so  that  the  total  turning  will  be  twice  that  for  a  single 
passage.  This  is  the  characteristic  of  magneto-optic  rota- 
tion as  distinguished  from  the  rotation  produced  by  a  plate 
of  quartz  or  a  solution  ol  sugar,  where  the  turning  in  the 
forward  passage  is  annulled  in  the  backward  passage.  This 
points  to  the  fact,  already  referred  to  above,  that  the  rota- 
tion of  the  plane  of  polarization  in  the  latter  case  is  an  affair 
of  structure  of  the  medium. 

(8)  Gyrostat  hung  by  steel  wire.  Axis  horizontal  without 
spin. —  Let  the  gyrostat  be  turning  in  azimuth  so  that  the 
wire  is  twisting  or  untwisting.  Let  the  wire  have  torsional 
rigidity  r,  that  is,  the  couple  required  to  maintain  the  lower 
end  in  position,  w'hen  turned  round  the  axis  of  the  wire 
through  an  angle  0  from  the  position  of  equilibrium,  be  r^. 

As  we  shall  see,  the  plane  of  the  flywheel  will  not  remain 
vertical,  and  we  suppose  that,  at  the  instant,  the  inclination 
of  the  axis  to  the  horizontal  is  9,  as  shown  in  the  diagram, 
reckoned  positive  when  the  turning  is  in  the  counter-clock 


direction  about  the  horizontal  axis  O  A,  as  seen  from 
beyond  A.  If  ^  be,  as  we  assume,  always  small,  0  will 
always  be  small  also. 

Now  suppose  tlic  angular  momentum  Cii  of  the  wheel  to 
be  represented  by  Ihe  line  O  B  drawn  from  the  centre  O  of 
the  gyrostat,  and  that  the  lower  end  of  the  wire  is  turning 
in  the  azimuthal  direction  indicated  by  the  curved  arrow 
at  the  top  of   the  diagram.      Hence  angular  momentum 


OA  and  OB 

represent 

horizontal 

axes 

L 

Fig.  25. 


is  being  produced  about  the  horizontal  axis  O  A  at  rate 
—  Cn^.  The  gyrostat  must  be  tilted  with  the  end  B 
of  the  axis  up,  through  the  angle  9  (exaggerated  in  the 
diagram),  to  give  a  couple  for  this  growth  of  angular 
momentum.  The  moment  of  the  couple  is  Mg'aO  if  M  be 
the  wiiole  mass  of  the  gyrostat  and  a  the  distance  of  the 
point  of  attachment  of  the  wire  from  the  centre  of  gravity 
O.  The  total  rate  of  production  of  angular  momentum 
about  O  A  is  A'  8  —  C  )i  ^,  where  A'  is  the  moment  of  inertia 
of  the  gyrostat  about  the  point  of  attachment  E  of  the  wire. 
Putting  this  rate  equal  to  the  moment  of  the  couple  in  the 
positive  direction,  we  get  the  equation  of  motion 


A' I 


■C  n  (p  =  — Mga  ( 


(I) 


But  in  consequence  of  the  turning  at  rate  0  angular 
momentum  is  being  produced  about  the  upward  vertical 
at  rate  C  n  9,  and  the  total  rate  about  that  axis  is  Ajj  -t-  C  n  9. 
Hence  we  get  the  equation 


A'4  +  Cn9: 


■T0, 


(2) 


It  is  to  be  noted  that  the  azimuthal  motion  of  the  tilted 
gyrostat  will  cause  slight  deviations  of  the  long  suspension 
wire  from  the  vertical  :  these  are  heie  neglected. 

If  now  we  suppose  9  so  small,  and  the  period  also  so 
great,  that  9  may  be  neglected,  we  have  Cn  j,  =  Mga9,  and 
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lulai|{  III  iIkt  \Ait  o|u«lit>n  «r  liii>t 


It.  Ilu 


Thi>  ■>   I 
llul    the 


A -f  L  «',M  K  .i.      Ihu  .i^iv^^   Miili 


sail.. 


Kelvin  did  uol  rclcr  (u.    A«»unuii|t 

and  MihMituting  in  «■  <  uud  (Jl  wr  uhUiii  llic  cqualioiu 
,C   d  t  "    -  .  A  *    —  -^^  aBOl      ■     *      • 

KlimiiuUing  a^  f,  wc  lino 


U> 


AA'**  — (0«'  +  MjfaA  +  rA'|t-  +  Ma'<I'  =  o  .  (5) 

a  quadratic  equation  for  the  dctcriiiiiialioii  of  A'.  The 
t\»M.i  are  certainly  real  if  ilic  an^Ur  inonienlum  C  n  of 
the  flywheel  is  nude  ((real  euougli.  They  are  also  positive 
because  since  A,  A',  M,  /!,  a,  r  arc  all  positive,  the  product 
ol  the  roots  M  ;  j  r  A  A'  is  positive,  and  the  sum  ut  the 
roots  (C*  II'  4-  M  A'  •'  A  +  r  A'l  A  A'  is  also  positive. 

If  now  r  be  made  very  Miiall,  tliat  is  if  the  suspeii>ion 
wire  be  made  very  lonjj,  the  product  of  the  rcK>ts 
M  a;  «»  '/A  A'  becomes  very  small.  But  the  coefficient  of 
t*  u  still  numerically  great.  Thus  the  equation  has  then 
.i  small  root  and  a  comparatively  large  one.  The  snull 
loot  IS  obtained  approximately  from 

—  (Cn- +  Mj;' J  A  +  r.\'i  i  +  M.cd  r  =  o  .     .     (6) 

.tiid  the  large  root  from 

A  A'  **  —  iC-  n-  +  M  ii  d  .\  +  r  A')  =  o      .     .     (71 

Neglecting  the  term  t  A'  in  the  expression  in  brackets, 
we  obtain  for  the  small  root 


k'  = 


M^'dr 
C  n*  +  M  A  .1  A 
The  period  of  vibration  is  for  this 


(8) 


(9) 


Thus,  regarding  the  matter  from  the  point  01  view  of 
torsional  oscillations  of  a  wire  of  torsional  rigidity  r,  we  sec 
that  the  inoinent  of  inertia  of  the  gyrostat  as  a  torsional 
Violator  uu  the  wire  is  virtually  \  +  C h';\1  g a. 

Now  take  tlie  large  root  given  by  the  equation 


AA' 


The  period  of  oscillation  is 


\v< 


t  of 

(.« ill 
s  a 


no«r 
as 


■  ro- 
be 
;cd: 


l: 
>l 

llj 

the  d. 

general  Inci.Tr  ::  ■  : 

have  two  modes  oi 
.  I>. 

Cullsidei    (lie    a. 
to  turn  about  t. 
another  and  may  l>e  1  >. 
zontal.    We  suppov:,  !.><.; 
lional  stabilitvor  iiisiabil:: 
an  arrange:, 
a  gjTOvtal  : 
if    without   >i'.i,.  i^     . 
po^Slble  to  have  lUt    . 

Stat,  and  the  other  below  11,  and  neiiner  ot  ' 
the  ring  on  which  the  g>TOslat  i>  immediate;,, 
or  the  axis  carr>-ing  the  gyrostat  may  be  one  about  which 
the  frame  or  case  of  the  g>-rostat  is  free  to  ;  .    '  :tiat 

may   be  attached  to  a  cross-bar  ou  two  *c  -  or 

stilts.      Such   an   art  >ne 

instability  witho-.'!   •  in- 

stability ai'.  the 

gyrostat  an  _       :  the 

centre  of  gravity  from  the  axis  considered,  what  has  been 
called  the  "  pre|H>iidcrance,"  Hgk,  may  be  either  positive 
or  negative. 

Let,  then,  the  masses  which  turn  about  t'  :ive 

knife-edges  or  axes  Iw  M    M',  the  heights  .  •..■es 

of  gravity  above  lor  ihe 

moments  of  inertia  a  v  uve 

angular  deflections  -mall '  irom  the  vertical  be 

f,  «J,  and,  as    usual,  1  .irnt   of   inertia   an.l    a:;i-ular 

speed  of  the  flywheel  be  C.  m.    We  get  then  1  ess 

so  often  employed  above,  for  the  rates  of  giu»  .-i  ^  <  jugu- 
lar momentum  about  the  axes,  lixed  in  the  present  ca-f. 

At  +  Cii;  =  M^*f.      Aj-C«»  =  M<*- 

[If  the  axes  be  horizontal  and  at  nght  angles  to  one 


(to)       »-> 


til 
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another,  we  might  take  them  as  parallel  to  axes  of  .v  and  v 
drawn  from  an  origin  on  the  vertical  through  the  centre 
of  gravity  for  the  upright  position.  Each  turning  is  to 
be  taken  as  positive  when  it  is  counter-clockwise  to  an 
eye  looking  at  the  apparatus  towards  the  origin  from  a 
point  on  the  axis  of  rotation  at  a  positive  distance  from 
the  origin.     The  axis  of  z  may  be  taken  downwards.] 

If,  taking  the  case  of  double  instability  without  spin,  we 
write  B  =  ^Igli,  B'  =  M' gli',  Equations  (i)  become 

Ajo'+ C/u//  — B0  =  O,     A'li-'  — C/i  (i  — B' i(/  =  o  .     (2) 

[The  reader  will  observe  that  the  meaning  of  ^  is  here 
different  from  that  assigned  to  the  same  symbol  in  the 
theory  of  a  single  gyrostat  set  forth  above.] 


Now  let 


^  =  6  e"  * « 


(3) 


where  a  and  b  are  constants,  which  are  in  general  complex 
numbers,  that  is  are  of  the  form  a  +  /  i3,  (/  :=  J  —  i). 
Thus  by  substitution  in  (2)  we  get 


—  (k'  A  +  B)  a  +  i  k  C  n  b  =  0  I 
—  !kCna  —  (k=A'  +  B')b  =  o\    '     ' 

and  therefore  by  elimination  of  a  and  b 

AA'k^—{C'ir-  —  AB'  —  A'B)k'  +  B  B' =  o 


(4) 


(5) 


According  to  the  supposition  made  above  A,  A',  B,  B'  are 
all  positive,  and  the  roots  of  the  quadratic  in  A=  which  we 
have  obtained  are  real  and  positive  if  (C-  »  =  —  A  B'  —  A'  B)= 
>4AA'BB'. 

These  are  the  conditions  of  dynamical  stability,  for  if 
they  be  fulfilled  <p  and  1//  represent  simple  harmonic 
deviations  from  the  equilibrium  configuration  (unstable 
in  the  present  case  without  spin).  Each  deflection  may 
have  either  of  the  two  periods  given  by  the  two  real  roots 
i,°,  Aj-  of  (5).  The  motion  is  oscillatory  and  therefore 
stable,  and  there  are  two  modes  of  vibration,  which  may 
be  taken,  either  separately  or  in  combination,  by  the 
gyrostat.  Moreover  there  are  numerically  equal  positive 
and  negative  values  of  k  given  by  each  value  of  k". 

Now  it  is  clear  that  the  four  roots  provide  for  the  case 
in  which  the  sign  of  n  is  reversed,  that  is  for  both  -f  "  and 

—  n.    To   settle  what  roots  go  with  +  n  and  what  with 

—  n,  we  may  proceed  as  follows.  Suppose  that  A  =  A' 
and  B  =  B',  then  equations  (2)  can  be  united  in  one  by 
writing  S^^  +  2 1//.  Thus  multiplying  the  second  of  (2) 
by  i  and  adding  we  get 


AJ  — Cn/J  — BS  =  o 

If  now  we  put  J  =  K  fi  '  ** 

where  K  is  a  constant,  we  obtain  from  (6)  the  condition 


(6) 


A  A 


which  yields  k  =  — r-fi-t-./  i  —  4  7^ 

■'  2A\— V  C=  »!= 


(7) 


(«) 


Thus  for  n  positive  k  has  two  positive  values,  and  for  n 
negative  has  two  negative  values.  The  reversal  of  the 
direction  of  rotation  reverses  the  signs  of  the  roots.  This 
will  hold  also  when  A  and  A',  and  B  and  B',  are  unequal, 


as  there  cannot  be  any  change  in  the  nature  of  the  solution 
brought  about  by  the  equalization  of  these  quantities. 

It  will  be  observed  that  if  the  spin  bo  rapid  the  roots 
are  C  /(/A  and  B/C  n  nearly.  These  are  the  angular  speeds 
of  possible  circular  motions,  and  agree  with  the  results 
obtained  above  for  the  steady  motion  of  a  top. 

The  roots  of  the  quadratic  (5)  are  given  by 


i^'=y{.±^^-vj,) 


(9) 


where  /  =  (C=  11'  —  A  B'  —  A'  B)/A  A',  «  =  B  B'/A  A'.  This 
gives  two  positive  values  of  /;  and  two  negative  values, 
provided  g  is  positive.  It  will  be  observed  that  if  B  and  B' 
have  not  the  same  sign  g  is  negative,  and  (9)  gives  two  real 
roots  (equal  with  opposite  signs)  and  two  imaginary  roots. 
We  have  just  seen  that  the  two  positive  values  of  k  apply 
to  the  case  of  n  positive.  Now  recurring  to  the  case  of 
A  =  A',  B  =  B',  we  should  then  have  been  able  to  realize 
the  solution  very  simply,  by  writing 

2  =  ^  +  i>  =  (a.  +  /  /3,)  ci  *.  '  +  («=  +  i  p,)  e'  '•■= ' .     (10) 

where  a„  B„  Oj,  /3j  are  supposed  all  positive.  We  should 
have  had 

?  =  a,  cos  kji  —  /3,  sin  A,  i  -\-  a^  cos  k^t  —  /3j  sin  A,  / 

-f  /  (at  sin  k,  t  +  ;S,  cos  /o,  I  +  a^  sin  k^t  +  p^^  cos k,  t)     (i i) 

and  therefore  should  have  obtained  the  real  values  of  ^  and 
4-  by  equating  0  to  the  first  line  on  the  right  of  this  equation, 
and  / 1^  to  the  second  line.  But  if  we  compare  (4)  with  the 
equations  we  should  have  if  A  ==  A'  and  B  =  B',  we  see 
that  we  must  have  for  positive  11 

(p  =:a^coskti  —  1$,  sin  kit -\- a^ cos k:.i — fi^sin k^t         \  , 
if/  =  p,  (aj  sin  *i  i-f /5i  cos  hi  O+P2  («!  si"  ^s '+  P^  cos  /;,  /)  I 


where  p  =  V(A=A  +  B)/(*=  A'  +  B')  =  ;  bja,  and  p„  p,  are  the 
positive  values  of  p  for  A,  and  k,. 

If  we  put  — i  in  the  place  of  +  i  in  (10),  (12)  becomes 

0  =  rt,  cos  A,  i  + /3, sin*,  i  +  aj  cos ^2/ + /3j  sinAji  ]  ,  •. 
;//  ^  —  pSjLii  sin  A,  / — /3,  cos  /c,  t) — p,{as  sin  k^  I — /S^  cos  k„  I)  j 

Thus  we  have  simply  changed  the  signs  of  the  arguments. 
In  (12)  and  (13)  k,  and  k^  are  to  be  taken  positive,  as  the 
effect  of  changing  from  the  positive  to  the  negative  roots 
has  been  taken  account  of  in  the  signs  of  the  coefficients  in 
(13).  These  changes  correspond  to  a  reversal  of  the  spin 
n,  as  may  be  seen  from  the  values  of  the  roots  of  the 
biquadratic  (5)  as  given  in  (8).  It  will  be  seen  that  each 
pair  of  terms  of  (12),  made  up  of  the  first  term  in  (p  and  the 
first  term  of  i//,  or  of  the  second,  third,  or  fourth  term  in 
each  expression,  would  if  p  were  unit)'  give  a  circular 
motion  in  the  positive  direction,  and  that  similarly  the 
corresponding  pairs  of  terms  in  (13)  would  represent 
circular  motions  in  the  opposite  direction. 

It  is  now  obvious  that  there  are  two  modes  of  motion  for 
each  direction  of  spin  provided  the  product  B,  B'  is 
positive.  By  the  spin  the  two  instabilities  which  existed 
without  spin  have  been  replaced  by  stabilities.  If  B,  B'  be 
negative  there  is  only  one  possible  mode  of  motion  for 
each  direction  of  spin,  and  complete  stability  has  not  been 
attained. 
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ki    Iti^t    Iln»    ^Ii4     . 


806 


iV    -i^  >l(  lit 


WKll  t«tt> 

MH/tl/ll      »i>...J-i.i.- 


iiatcd  t»  > 

aitt      .«j  ■  jii^v  nil  111,     f^'     lu.»i 


■  '.■i    tiavc 


■Jti      iM      !■ 


',»/j/k  tV'/rMiftiwAit  WtiM/mfA'iMf  %^(i«.   (ivn'^itln        I 


puutivc.    TUc  ct{ujUuii!i  »rc  hum 

Af  +  Caf  +  BfKO.   A'«i.  — C><^ -»- a>so  .    (i) 
I  .1  A  a*  A',   H  s  It',   wc   >lK>ulii  write   the   Miiglc 


11 


AC  — Cmi:+  UCao   . 


U) 


where  ;s^  -f  i^.    The  value  C  s  (•  +!/))<'"  w»uld  give 
the  equalion 

». 
A  a" 


*.-<^-». 


so  that 


'-;x('*x/-'c-.")- 


(3) 


Rcver-^jl  r4  the  iign  of   fi  would  give  simply  these  roots 
rcvi:  11.     Thus  for  a  givc-n  diicctioii  of  spin  tlicre 

arc   I IV  *i, — t,  of   winch   the    positive   iiuiikticiI 

\-alues  arc  t„  k^  and  for  the  reversed  spin  there  arc  the 
two  roots  —  k,,  kr. 

We  &nd  111  the  same  mauiier  as  before 

f=s«.cos*,/  — ^.  sin*. /  + a,  cos *./  +  /!,  sin*,/         i 
^=P,  (..  sin  ».  1+^,  cos  *.  0— p.  («.  sin  *,  l—fi.  cos  *.  0 1 '    ^' 

Here  t>„  ft,  are  taken  as  the  positive  values  of 

s/(**A  — B>/(»'A  -^B) 

for  the  ic>|>cclive  values  of  f. 

If  we  cliaiigc  the  direotioa  of  spin  wc  get 

f=di  cos  *i /+/},  sin  *,/  + a.  cos  *./  —  /}.  sin  *,  /  >     . 

*=f..(— «.sin»,/+^,cos».f)+p.(a.sin*./+Acos*./)r  ^' 

If  p  were  unity  the  first  pair  of  terms,  or  the  second  pair 
of  terms,  one  from  f  and  one  from  ^,  in  14).  would  give  a 
circular  motion  in  the  positive  direction,  and  cither  pair  of 
terni<  in  t,  a  circular  motion  in  the  negative  direction. 
':  .1  ill  (5).     There  is  thus 

:i  this  doubly  stable  case 
and  the  ionner,  that  now  circular  motions  in  opposite 
directions  can  be  superimpo:>cd.  The  periods  of  these  two 
iiKitions  are  iw^k,,  iwjk,.  The  greater  angular  speed  *,, 
which  for  A^A',  B^B'isCn/A  nearly,  is  round  in  the 
difrction  of  rotation,  the  sina  ler  an^uUr  speed  it,,  which 
fi.r  A  =  A',  B^  B' Is  IJ'L' n  o!    M  .  1  nearly,  in  the  case 

.  f  cr^ivilv  is  in  the  opposite    .  .  to  the  rotation  h. 

I  seen  from  l>eluw  in  both  cases.     Refer  to  the 

:i        ,'     a  of  the  gyri»tatic  pendulum  in  the  lecture. 

(11)  Analogs  ot  gyrosialic  pendulum  to  tlectron  in  a 
magndtc  firUI.  —  l  pointed  out  in  a  Royal  Institution 
Lecture,  iklivered  in  189S,  that  the  motion  now  cxphcitly 
staled  in  ^ ;,  141,  and  (S)  is  the  g>TOstatic  analogue  of 
the   iCcciiun   ctlccl.     An   electron  moving   111   a   circular 


ItMT 

!     to 


t>l  Wl.^     I  ml 

the  iiLas»  tii  IK    ..  '  '* 

that,  except   fo: 

III  .    C  n,   U 

s.  :    |>.«r'l<.lr 

•  :  11>C 

Cl  1*^ 

suppose  the  two  axes  to  tic  situated  >o  tlut  A  ^  A  ,  B  ^  B  I 
wc  have  A  =  ut  *',  and  B  :s  mgh.  Thus,  taking  aac» 
of  X  and  y  coincident  with  the  axes  about  wluch  Itic 
.turnings  f,  ^  take  place,  ue  have  from  (t.  '        '  hrst 

of   1 1 1,  ^  I),  since  A«  =  —  \,  h  ^  =s  s    ,u  Ilk 

s!  '  .u:   a&  24;t.u   by  ao 


mt+         Y  +  mg    =0.     my  —  ^    #+wifJ  =  o 


or 


*  +  ry  +  «»=o.    y  — Ti  +  «y  =  o 


(I) 


where  7  ^  C  h,  «i  k,  1:=  gh. 

These  are  exactly  the  equations  of  moboo  of  an  cicctroo 


> 


Kic  16. 

E  supposed  moving  in  the  direction  of  the  arrow  in  a 
magnetic  field  directed  upward  through  the  paper  1  Fig.  i6). 
The  electron  is  charged  negatively  with  a  charge  of  t 
units  .iiid  lias  an  effective  mass  m.     Tl'.c  .;v  of  the 

iiui^iutic  held  IS  II,  and  the  magnetic  .  :\  of  the 

medium  IS  ^.  We  suppose  the  mass  of  liic  c.<.<.(i'.>n  tube 
acted  uii  by  a  force  tr,  where  r  is  the  distance  of  the 
electron  from  O.     The  convection  currents  aie  here  » i, 

—  i\  in  the  direction  of  x  and  v  respectively.  Hence  the 
triectrumagnetic   forces  in  tbc   direction  of   y  and  m  are 

—  ^  I  H  I  and  ^  i  H  i  respectively.  The  value  of  7  is  thus 
i><H,ni.     The  other  outward  component  fuices  are  then 

—  »x,  -  c y,  and  the  .  by 
putting  :  =  4:  +  I  y.  \'.        ■ 

?  — 171  -f  c;so 

Assuming  that  zxzKe"'.  (K=:a  constant),  wt  obtain 

*•  — .— 7t=a 
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Again  bv  reversing  the  sign  of  k  wc  obtain 

SO  that  wc  have  k-  =  K±  y  k, 

and  if  y  is  small  the  numerical  value  of  /;  is  given  by 

The  frequency  of  the  original  vibration  was  ^/^  2  tt  ; 
the  imposition  of  the  magnetic  field  has  produced  two  new 
frequencies  (  Jk  +  i  >)/2  tt,  (  Jk-  —  i  y)J2  jt,  one  higher  the 
other  lower  than  the  original  frequency.  The  former 
frequency  is  that  of  electrons  describing  orbits  in  the 
direction  shown  in  Fig.  26 ;  the  latter  frequency  is  that  of 
electrons  moving  in  the  opposite  direction.  Electrons 
moving  along  the  line  of  the  force  H  arc  not  affected  ; 
hence  the  spectrum  is  modified  by  the  production  of  two 
satellitic  lines,  one  above  the  ordinary  line,  the  other  below 
it,  in  the  spectrum. 

The  structure  of  the  electron  and  its  gyrostatic  effects 
are  further  questions  not  entered  into  here. 
** 

Professor  Professor  SiLVANL's  P.  Thompso.v  :  I  ask  you  to  give  a 

Thompson,  i^^^gj  hearty  vote  of  thanks  to  Professor  Andrew  Gray,  the 
pupil,  the  assistant,  the  collaborator,  and  the  successor  in 
the  Chair  of  Natural  Philosophy  at  Glasgow  University,  of 
Lord  Kelvin,  him  whom  we  honour  for  the  sixth  time  by 
this  Kelvin  Lecture.  In  all  the  Kelvin  Lectures  which 
have  succeeded  the  first  biographical  one,  the  successive 
lecturers  have  each  taken  some  particular  aspect  of 
Kelvin's  work,  and  have  illustrated  it  and  elaborated  it 
for  us.  To-night  we  have  had  shown  to  us — and  when 
wc  read  the  Lecture  we  shall  have  the  opportunity  of 
making  ourselves  better  acquainted  with  it— one  depart- 
ment of  Kelvin's  work  with  which  perhaps  most  of  us  are 
less  familiar  than  we  are  with  other  matters  more  directly 
connected  with  electricity  and  magnetism  and  their 
applications.  The  particular  side  of  Kelvin's  activities 
which  Professor  Gray  has  illustrated  to  us  is  truly 
characteristic  of  the  man  ;  perhaps  more  characteristic 
than  some  of  the  other  aspects  which  have  been  expounded 
to  us  in  former  years.  When  Lord  Kelvin  was  only  fifteen, 
a  young  student  in  Glasgow,  he  wrote  a  very  remarkable 
essay  which  has  never  been  published,  but  exists  in 
manuscript,  and  which  was  added  to  by  him  at  three 
successive  periods  of  his  life,  an  essay  which  was  awarded 
the  Gold  Medal  of  the  University,  on  "The  Figure  of  the 
Earth."  I  suppose  in  the  thirties  or  forties  the  mathe- 
matical treatment  of  the  figure  of  the  earth,  why  it 
presented  the  shape  of  a  peculiar  kind  of  ellipsoid,  and 
how  that  shape  can  be  explained  dynamically,  were 
amongst  the  burning  problems  of  mathematical  physics. 
I  once  attempted  to  read  Archdeacon  Pratt's  "  Figure  of 
the  Earth,"  and  found  it  very  stiff  mathematics  and  gave 
it  up.  Lord  Kelvin's  early  essay  on  "The  Figure  of  the 
Earth"  haunted  him  through  life.  He  was  continually 
recurring  in  one  way  or  another  to  the  origin  of  the  earth 
as  it  is,  to  its  geological  history,  and  to  dynamical  explana- 
tions of  how  the  earth  came  to  be  what  it  is.  'We  know  how 
he  thought  about  the  age  of  the  earth,  its  heat,  its  magnetism, 
and  other  properties  of  it.  The  dynamics  of  the  figure  of  the 


earth  was,  as  I  have  said,  a  subject  that  haunted  him. 
We  have  had  described  to  us  by  Professor  Gray  these 
various  early  parts  of  Kelvin's  work  when  he  was  trying  to 
regard  the  earth,  not  as  a  solid  ellipsoid,  but  as  a  hollow 
one  containing  liquid.  It  was  a  little  chapter  in  the  history 
of  Kelvin's  mental  development.  He  was  continually  at  this 
problem  of  what  would  happen  to  a  spinning  body  under 
various  conditions  ;  and  in  particular  this  question  of  what 
would  happen  to  a  spinning  body  if  it  were  given  a  certain 
geometrical  form,  and  if  certain  properties— liquid,  rigid, 
or  elastic — were  assumed  for  its  interior  contents.  He 
was  extraordinarily  fond  of  experiments  with  spinning 
eggs.  There  was  one  which  I  think  Professor  Gray  did 
not  mention,  and  which  I  remember  seeing  Kelvin  perform 
at  least  three  times,  to  test  the  difference  between  a  boiled 
egg  and  an  unboiled  one,  by  which  one  can  ascertain  at 
once  whether  an  egg  is  liquid  or  solid  inside.  It  was 
this : — Place  an  egg  on  a  smooth  table,  and,  holding 
it  between  the  hands,  give  it  a  spin  on  its  side.  Then 
stop  it  for  a  moment  by  laying  one  finger  on  it.  Then 
lift  the  finger  off  ;  if  it  is  a  solid  egg,  hard  boiled,  it 
remains  stationary.  If  it  is  a  liquid  egg,  the  moment  one 
takes  one's  finger  off,  the  egg  begins  gently  to  rotate  again 
because  the  liquid  has  not  ceased  running  round  inside.  He 
was  exceedingly  fond  of  this  kind  of  curious  experiment,  as 
who  would  not  be  if  his  mind  were  trained  to  take  a  delight 
in  geometrical  and  dynamical  problems  ?  Consider  the 
perverse  behaviour  of  these  gyrostats  which  when  we  try 
to  push  them  on  one  side  turn  up  or  turn  down  ;  or  which 
when  we  carry  them  round  turn  head  over  heels ;  or 
which  in  some  cases,  if  we  try  to  push  them  over  when 
they  are  standing  upright,  turn  over  the  other  way  and 
tend  to  recoil  against  us.  The  perversities  of  these  gyrostats 
are  an  endless  source  of  thought  to  those  who  would 
master  the  dynamics  of  rotation.  It  is  perfectly  true  that 
Lord  Kelvin  himself,  in  the  attempt  to  explain  on  gyro- 
static  principles  other  phenomena  such  as  electricity, 
magnetism,  the  polarization  of  light,  etc.,  advanced  propo- 
sitions and  problems  which,  by  the  light  of  further 
knowledge,  he  did  not  see  his  way  further  to  maintain. 
We  know  how  he  gave  up  the  vortex  theory  of  atoms 
when  the  logical  issues  of  the  problem  appeared  to  out- 
run the  theory  that  he  had  reached.  We  have  heard 
from  Professor  Gray  to-night  how  Kelvin  gave  up  the  ex- 
planation which  he  had  advanced  in  earlier  life  of  the 
rotatory  polarization  of  light ;  but  he  never  abandoned, 
and  I  think  he  never  would  have  abandoned,  one  most 
valuable  suggestion  that  he  made,  namely,  tlie  doctrine  of 
hidden  mechanism.  That  doctrine  is,  that  we  may  have 
a  model,  so  to  speak,  of  an  atom,  or  group  of  atoms,  or 
a  molecule,  or  a  system — a  model,  the  mechanism  of 
which  is  concealed,  like  the  spinning  body  of  the  gyrostat 
inside  a  case,  but  which  nevertheless  is  a  true  dynamical 
model.  We  may  have  a  tiling  which  is  indistinguishable 
as  to  whether  it  is  a  gyrostat,  or  a  chain  of  gyrostats,  or 
a  spiral  spring,  or  a  coach  spring,  which  externally  may 
be  identical  in  behaviour,  but  of  which  tlie  hidden 
mechanism  may  be  very  different.  All  his  life  Kelvin  was 
seeking  for  that  hidden  mechanism  which  he  firmly 
believed  to  e.xist,  and  which  he  considered  would  some 
day  give  us  a  complete  dynamical  theory  of  the  atom  and 
the  molecule  ;  for  he  hoped  unquestionably  to  become, 
so  to  speak,  the  Newton  of  the  atom,  who  would  dynami- 
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^iral  iMc^uith  ul  gctiiu>  .u  Mril  as  of  ^rcal  intensity  of 
thou^liL  I  remember  well  that  Hntish  AsMXiation 
Addic»  ol  bi»  in  i)<7f>,  when  he  came  back  from  America, 
lie  was  full  of  two  things,  the  invention  by  (iralutm  ticll 
oi  the  telephone  transmittinjj  speech  by  magneto-electric 
induction  ;  and  this  question  of  the  rotation  of  the  earth, 
which  he  had  discussed  with  Simon  Ncwcomb  in  Joseph 
Henry's  drawing-room.  The  way  in  which  the  problem 
of  the  rotation  of  the  earth  cropped  up  u|>ain  and  again  in 
the  middle  of  other  matters  was  really  amusing.  I^rd 
Kelvin's  great  breadth  of  thought  was  well  illustrated  by 
the  curious  interpenetration  of  these  diverse  interests. 
We  must  not  think  of  him  as  a  man  who  merely  applied 
science  to  the  practical  problems  of  the  compass,  of  the 
N  nachine,  of  the  measurements  of  electricity  and 

I.  He  was  supremely  great   in   all  those   things. 

11>.  ...4ii  a  mind  which  explored  the  minute  and  which 
aJMj  liaiidled  the  infinite.  The  problems  of  the  cosmos 
.iiid  ol  the  atom  loomed  equally  large  in  his  mind  with  tlie 
practical  problems  of  the  applications  of  science.  We 
are  all  very  grateful  to  Professor  Andrew  Gray  for  the 
exposition  that  he  has  given  us  of  these  matters  in  which 
he  personally  helped  l-ord  Kelvin.  Wc  shall  be  delighted 
at    tl;t  ion    of    the    meeting    to    sec  the  further 

applu..  .:ch  he  has  continued  to  make  with  his  son. 
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means  of  mechanism  similar  to  that  which  Hi  aV 

has  shown  to  us  to-night.     Wc  owe  a  debt  l_  ^jt 

Gray,  which  1  am   sure  you   will  gUdly  repay  by  your 

thanks,   for  having   put    before   us  in   such  a  clear   ami 

admirable  mannei   that  biancli  of  Lord  Kelvin's  work. 

Hfolessor  A.  Gkav  :  1  am  very  '  -<it  f"^" 

Cray 

Thompson  for  what  he  has  saia  ik 

and  the  aim  of   th.it   work.     It  is  quite  Hue,   .  or 

Thompson   said,  and  the  fact  Mill,  I   think.  t>c  l-c 

illustrated  throughout   the  Lecture,  as  y.  •'-   Lord 

Kelvin   uus  always  trying  to  hiid  dynaii. .^,  .aiiatioas 

ci  physical  phenomena  and  to  reahic  these  by  making  or 
imagining  uuikiiig  iii<-><.K'ls.  1  have  in  ui>  '  .  .'  at 
Gl.isg(.>w  a  large   uuinbci  of  models  which  he  '.cd 

for  the  purpose  of   i!  :»e 

supposed  the  ether  to  j  e 

properties  of   cry-stolhne  solids.     1  inank  i>r 

also  for  his  kind  words.     1    sliould  like  to   i: a: 

I  am  very  much  indebted  to  my  son.  Dr.  ].  G.  Gray, 
for  coming  here  to-night  to  help  me  with  my  esperi- 
mcnts  and  for  enabling  me  to  use  in  these  the  beautiful 
new  nvroscopes  and  gyroscopic  appliances  which  he  has 
invented. 
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RUNXIXG-Dowx  Test. 


The  method  of  separating  the  no-load  loss  into  its 
various  components  by  means  of  running-down,  or 
retardation,  tests  seem  to  have  been  first  suggested  by 
Ashworth  (4)*  in  a  letter  to  the  Electrician.  It  is  now 
fairly  well  known,  but  its  application  to  the  smaller  class 
of  machines  is  somewhat  limited  by  the  difficulties  that 
arise  from  the  quickness  with  which  these  machines  come 
to  rest.  It  is  the  object  of  this  paper  to  show  how  these 
difficulties  can  be  partly  overcome. 

A  list  of  the  chief  papers  on  the  subject  is  given  in  an 
appendix,  but  particular  attention  may  be  called  to  those 
of  Hay  (9),  Sumpner  (11),  and  Smith  (17).  The  last  men- 
tioned gives  a  particularl}'  good  account  both  of  the  varia- 
tions of  the  running-down  method  and  also  of  the  other 
vifays  in  which  the  separation  has  been  accomplished. 

The  general  principle  of  the  test  may  be  explained 
briefly  thus  :  While  running  steadily  as  a  motor  at  the 
desired  speed  and  excitation,  the  power  absorbed  by  the 
armature  of  the  machine  to  be  tested  is  measured  by  a 
suitable  ammeter  and  voltmeter,  or  by  a  wattmeter.  If 
available,  the  wattmeter  is  to  be  preferred  as  it  reduces 
the  erpjr  caused  by  the  inevitable  momentary  changes  of 
voltage  which  occur  on  a  commercial  supply  system. 
After  allowing  for  the  copper  losses,  the  stray  power  at 
that  speed,  consisting  of  friction,  eddy  currents,  and 
hysteresis,  is  then  known  and  also  the  corresponding 
retarding  torque. 

On  breaking  the  armature  circuit,  while  maintaining  the 
field  current  constant,  the  machine  gradually  slows  down 
under  the  action  of  a  retarding  torque  which,  at  the  given 
speed,  may  be  assumed  to  be  the  same  as  that  just  deter- 

*  The  numbers  in  brackets  after  names  refer  to  the  bibliography  at 
the  end. 
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mined.  Now,  the  deceleration  at  any  instant  is  propor- 
tional to  the  torque  acting  at  that  instant,  and  so  a 
comparison  of  the  decelerations  at  different  speeds  shows 
how  the  stray-loss  torque  varies  with  the  speed. 

If  the  running-down  test  be  repeated  with  the  field 
circuit  broken  as  v.'ell  as  the  armature  circuit,  the  frictional 
torques  alone  will  act,  and  a  comparison  of  the  decelera- 
tion at  any  speed  under  this  condition  with  that  obtained 
before  will  enable  the  total  resisting  torque  to  be  divided 
into  two  parts,  due  respectively  to  the  friction  and  to  the 
magnetic  losses.  A  determination  of  the  speed-time  curye 
under  these  two  conditions  will  thus  show  us  how  the 
frictional  and  magnetic  torques  separately  vary  with  the 
speed.  Following  Mordey,  Kapp,*  and  others,  we  can 
deduce  the  separate  values  of  the  eddy-current  and 
hysteresis  losses  from  the  latter  variation. 

With  constant  flux,  the  electromotive  forces  causing 
eddy  currents  are  proportional  to  the  speed,  and  so  these 
currents  will  also  be  proportional  to  the  speed  so  long  as 
the  frequency  is  low  enough  to  make  negligible  the  effects 
of  the  inductance  of  the  eddy-current  paths.  In  that  case, 
their  torque  must  be  proportional  to  the  speed,  and  the 
power  which  they  consume  to  its  square.  At  very  small 
speeds  there  are  no  appreciable  eddy  currents,  and  so  the 
magnetic  torque  at  zero  speed  is  due  entirely  to  hysteresis. 

For  a  constant  magnetic  cycle,  the  energy  converted 
into  heat  by  hysteresis  is  the  same  whether  the  cycle  be 
performed  quickly  or  slowly.  Hence,  with  a  constant  flux 
the  energy  absorbed  per  revolution  by  hysteresis  is  the 
same  at  all  speeds.  In  other  words,  the  hysteresis  torque 
is  constant  and  equal  to  the  magnetic  torque  at  zero 
speed.  Hence  it  can  be  found  by  producing  the  magnetic 
torque-speed  line  back  to  zero  speed. 

The  eddy-current  torque  at  any  speed  is  obtained  by 
subtracting  the  constant  hysteresis  torque  from  the  total 
magnetic  torque  at  that  speed. 

It  has  often  been  assumed  (e.g.  Smith  does  so,  and  many 
of  the  earlier  writers)  that  the  bearing  friction  and  windage 
may  be  separated  in  the  same  way,  but  it  is  now  known 
that  the  bearing  friction  varies  with  the  speed  and  that  the 
mathematical  law  of  its  variation  is  not  sufficiently  definite 
to  allow  of  a  division  in  that  manner.  The  windage  can 
only  be  separated  with  certainty  from  the  bearing  friction 
by  comparing  the  resistance  under  ordinary  conditions 
with  that  in  a  vacuum,  as  has  been  done  by  Thornton. f 

If  the  gear  allows  the  brushes  to  be  quickly  lifted  after 
switching  off,  brush  friction  can  be  separated  by  making 
an  additional  running-down  test  with  the  field  off.  If  not, 
an  auxiliary  motor  would  be  necessary  to  get  the  machine 


*  G.  Kapp.  Separation  of  the  Foucault  and  hysteresis  losses.  Elec- 
trician, vol.  26,  p.  6gg,  1S91. 

f  W.  M.  Thornton.  Change  of  energy  losses  with  speed  in  con- 
tinuous-current machines.     'Journal  I.E.E.,  vol.  50,  p.  492, 1913. 
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dulcly  before  ^Wltchl^^  i>il   m  oi'S  ^  .  ic,  in  the 

"field  00"  experiment,  lor  the  Hux  to  decay  before  the 
firit  le»l  spcvd  u  reaclic<t.  It  i>  possible  to  muke  certain 
that  ikufiicient  time  hA>  been  allowc<1  by  sccini;  tlul  the 
s  '  "'A  '-^'^  'o  '(^^^  ttun  one-tenth  of  iti>  original 

\  .  iie- 

A  tiMii    will    be 

inclu>'.  I  a!>  the  mag- 
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ot  that  (or  full  excitation  and  can  be  neglected  in  com- 
parison with  the  friction. 

The  brushes  must  be  set  exactly  at  the  neutral  point  ; 
there   will  be  short-circuit  currents  under  the 
t  ^   effect  of   which  is  included  with   the   eddy- 

cuircul  loues,  as  will  al>o  the  power  used  by  the  voltmeter 
if  the  latter  is  not  disconnected  during  the  running-down 
tests. 

If  a  complete  running-down  cur\'e  has  l)ccii  obtained, 
the  retardation  at  any  point  is  determined  by  drawing  the 
tangent  there.  Seeing  that  the  scale  is  determined  by  the 
slcadvrunning  test,  it  is  very  necessary  that  the  tangent  to 
the  "  field  on "  curve  at  that  speed  should  be  especially 
carefully  drawn.  Since  the  tangent  at  any  intermediate 
point  can  be  drawn  with  greater  accuracy  than  that  at  the 
end  point  of  the  curve,  it  is  desirable  that  the  running-down 
te»t  should  begin  at  a  higher  speed  than  that  at  which  the 
steady-running  measurements  were  made.  At  the  same 
time  it  must  be  remembered  that  the  friction  when  the 
machine  is  steadily  running  at  any  speed  is  ditierent  from 
that  on  quickly  passing  the  same  speed  alter  running  at  a 
higher  one,  owing  to  the  difference  in  the  teinpeiature  and 
oiliness  of  the  bearings  at  diilerent  steady  speeds. 

FouR-Poi.s'T  Rl'knin-c-dows  Ukthod. 

If  we  can  be  certain  that  the  eddy-current  line  is  straight 

in  the  torque-speed  curve,  observations  at  two  speeds  only 

are  sufficient  to  separate  the  two  parts  of  the  magnetic 

torque.     This  is  conveniently  carried  out  bv  ;  .'  the 

time  taken  under  each  condition  ^field  ofl  an for 

a  known  drop  of  speed  having  the  required  speed  as  its 
mean.  The  upper  speed  should  be  that  used  for  the 
steady-running  measurements,  and  the  other  should  be 
half  of  it.  .\t  half  speed  the  hysteresis  torque  is  the  same 
.>  at  full  speed,  but  the  eddy -current  torque  is  only  half 
.•s  great ;  consequently,  the  difference  between  the  magiietic 
torqucs  at  the  two  speeds  is  equal  to  the  eddy-current 
torque  at  ;  !   or  lialf  that  at  the  upper.     This 

method  ma  .  Kour-poiiit  Method. 
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rate  of  change  of  charge  ii. ..  ...creforc 

pro|>ortional  to  the  rate  of  change  of  s|iccd  ol  the  dyoamo. 
Difficulties  occur  in  getting  an  instrument  at  the  same 
time  sufficiently  sensitive,  suliicieiitly  quick,  and  sutticicntly 
dead-beat,  and  ('.  un 

that  It  puts  an  uii<.  .c, 

on  the  machine. 

Young  also  gives  another  method,  in  which  the  auxiliary 
dynamo  is  connected  to  the  primary  of  a  transformer  ot 
which  the  magnetic  circuit  has  an  air-gap  long  enough  (o 
make  the  reluctance  sensibly  constant.  The  clectromotii'e 
force  ill  the  secondary  winding,  which  is  mea>urod  by 
a  suitable  voltmeter,  galvanometer,  or  o»ctUograph,  i* 
proportional  to  the  rate  of  change  of  dux,  and  therefore  of 
current  and  speed. 

In  most  cases,  however,  retai  :  not  be  measured 

directly  but  will  be  inferred  fi  laoeoiu  measure- 

ments of  time  and  speed.  We  may  either  measure  the 
time  taken  for  a  given  drop  of  speed,  or  the  drop  of  speed 
in  a  given  interval  of  time,  as  may  best  suit  the  apparatus 
at  our  disposal. 

Measi-remevt  of  Speed. 

The  principal  meth.xi»  that  have  been  employed  for  the 
measureiiici:'  : .irized  as  follows  : — 

(a)  A    Uui.  .      .  —In  addition  to  the 

unknown  load  which  it  adds,  a  tachometer  does  not,  as  a 
rule,  give  the  exact  instant  of  passing  a  given  speed  very 
sharply.  When  a  hand  instrument  is  employed,  the  end 
thrust  on  the  shaft  when  using  it  may  also  change  appreci- 
ably the  losses  being  determined.  It  should  not  be  used 
for  luai  -     's. 

(^^  .-I  kf  m:uhint. 

—  I  al 

m.i..  ,  ,  :i  ■ 

readings,  which  introduces  difficulties  as  to  the  relative 
values  of  the  speed  scales  for  the  I  wo  tests.  The  rest»tance 
electromotive  forces  of  the  armature  and  brushes  with 
the  no-load  armature  current  have  to  be  allowed  for  ui 
calibratmi;  the  voltmeter  as  a  speed  incier   and  v.aiise  some 

UIK  g 

to    ,  ..  » 
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law.  This,  and  the  variations  of  brush  contact  resistance, 
may  cause  considerable  errors  when  running  on  the  low- 
voltas^c  scale  required  for  the  "  held  off  "  test. 

The  load  applied  by  the  voltmeter  will  be  somewhere 
about  one  watt  per  loo  volts  at  the  top  of  the  scale.  Even 
in  a  5  kw.  machine  for  500  volts  it  may  thus  amount  to 
several  per  cent  of  the  eddy-current  loss,  with  which  it 
would  be  included  in  the  analysis.  It  is,  however,  a  known 
load  and  can  be  accurately  allowed  for. 

By  using  a  recording  voltmeter,  ondograph,  or  oscillo- 
graph, tliis  method  can  be  made  to  trace  out  the  speed-time 
curve  directly,  but  such  instruments  of  suitable  range  are 
not  often  available. 

(c)  A  voltmeter  connected  to  an  auxiliary  dynamo  coupled 
to  the  machine  under  test. — This  obviates  the  chief  objection 
to  the  use  of  the  voltmeter  for  the  measurement  of  speed, 
but  it  adds  a  much  greater  load  and  one  that  cannot  be  so 
accuratel\-  allowed  for. 

(rf)  A  voltmeter  connected  so  as  to  measure  the  difference 
between  the  armature  and  line  voltages.  By  this  method 
the  drop  of  speed  is  measured  and  a  larger  scale  may  be 
employed  for  the  initial  part  of  the  curve,  which  is  the  most 
important.  It  cannot  be  applied  to  the  "  field  off "  test,  but 
it  has  been  used  by  Sumper  (ii)  in  a  method  involving 
acceleration  and  retardation  curves  with  the  same  armature 
current. 

(f)  A  frequency  meter  connected  to  a  small  alternator 
coupled  to  the  machine  under  test. — This  method  lias  no 
advantages  over  (c)  and  is  open  to  the  same  objections. 

(/)  Stroboscopic  tuning  fork. — This  is  by  far  the  best 
method,  as  it  indicates  exactly  the  moment  of  passing  a 
speed  by  the  reversal  of  the  apparent  motion  of  a  pattern 
drawn  on  a  card  attached  to  the  motor,  and  because  it  does 
not  add  the  slightest  load  to  the  motor  or  interfere  with  it 
in  any  way.  Its  accuracy  is  greater  than  that  of  any  other 
speed  indicator,  and  the  accuracy  is  the  same  for  high  and 
for  low  speeds  :  it  has  a  practically  indefinite  speed  range. 
The  stroboscopic  tuning  fork  is  not  an  expensive  piece 
of  apparatus,  and  it  is  robust  and  permanent.  Such  minor 
repairs  as  may  occasionally  be  required  can  be  done  on  the 
spot  without  altering  the  calibration  of  the  instrument. 

The  method  has  been  strongly  advocated  by  Drysdale  (i). 
The  present  author,  who  can  speak  of  its  advantages  after 
r2  years'  use,  has  recently  described  the  strolioscopic 
methods  in  much  detail  (3) ;  but  it  may  he  convenient  to 
repeat  here  the  essential  points  regarding  this  particular 
purpose. 

The  Stroboscopic  Tuning  Fork. 

A  tuning  fork  of  large  size,  usually  electrically  main- 
tained, is  arranged  so  as  periodically  to  admit  light  to  the 
eye.  Fig.  i  shows  the  type  of  fork  employed  in  the  author's 
laboratory.  It  is  driven  by  two  storage  cells  and  can  be 
started  by  gradually  turning  the  screw  until  the  contacts 
touch,  and  stopped  by  screwing  them  away  from  one 
another.  The  amplitude  can  be  adjusted  by  the  same 
screw ;  the  standard  amplitude  is  that  at  which  the 
apparent  thickness  at  the  tip  is  double  the  actual  thickness, 
this  being  easily  recognized  by  the  disappearance  of  the 
apparent  solid  centre  of  the  vibrating  prong. 

One  edge  of  the  prong  may  be  used  as  a  shutter,  but  it 
is  better  to  attach  two  light  aluminium  wings  which  open 
and  close  the  path  of  tlie  light  as  they  vibrate.     The  fork 


must  of  course  be  standardized  with  these  wings  in  place. 
Two  methods  may  be  distinguished,  "  edge  vision "  and 
"slit  vision."     In  the  former,  the  path  is  normally  closed. 


SretL  Spring- 


Plan 


SCTIO?'  A.,B 


Fig.  I. — Robertson  Stroboscopic   Tuning  Fork  for   Speed 
Measurements.* 

but  is  opened  when  the  displacement  is  great  enough  in 
one  direction.  For  the  latter  method,  slits  in  the  two  wings 
are  exactly  opposite  to  one  another  when  the  prongs  are  at 


Fig.  2. — Edge  Vision  with  Vibrating  Shutter. 
(Amplitude  =  overlap.) 

rest,  but  the  path  is  closed  when  the  displacement  of  each 
prong  is  half  the  slit  width.  In  Figs.  2  and  3  the  sine 
curves  show  the  displacement  of  the  edges  of  the  slits,  and 

•  This,  and  Figs.  2,  3,  3,  6,  7,  8,  and  g  are  taken  from  tlie  autlinr'f; 
paper  read  before  tlie  Institution  of  Engineers  and  Shipbuilders  (3). 
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flu.  j.  -  >i.i  \  i-.ion  with  Vibrating  Shutter. 
(Amfataie  -  (HI  widih  ) 

1  hi>  is  a  very  oonvenicot  frequency,  but  6,aoo  and  13,000 
per  minute  would  be  better,  as  it  would  give  more  speeds 
at  exact  hundreds.  These  forks  can  be  relied  on  for 
constancy  to  about  one  part  in  1,000,  and  their  temperature 
x'ariation  is  alii.  being  only  about  one  part 

in  9,000  fur  eaL  ,;radc. 

Stkoboscopic  Vision. 

The  vibrating  shutter  may  be  lield  close  to  the  eye  so  as 
to  permit  intermittent  glimpses  of  a  pattern  marked  on 
^me  revolviug  part  of  the  machine  under  test.  For 
^  on>tant-specd  work  tliis  is  very  satisfactory,  but  for  the 
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Kic.  4. — Arrangement  for  obtaining  Stroboscopic  Beam. 

running-^own  test  it  is  much  better  to  project  the  light 
from  an  arc  lamp  through  the  sht  on  to  the  stroboscopic 
diM.-.  The  changes  of  Npccd  can  then  be  seen  from  any 
point  and  can  be  followed  by  auy  number  of  persons  at 
once.  Fig.  4  shows  how  this  can  be  conveniently  done 
with  an  ordinary  projection  lantern. 

'"'    ■  ■■'■ — The  pattern  coiimsIs   of   a  number  of 

r  f -'  ^pots  or  marks  on  tlic  pulley  or  on  a  card 
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Spot  Kreqoeocy  just  over  Glimpse  Frequency. 


Spot  Frequency  just  under  Glimpse  Frequency. 

Fig.  5. — Action*  near  Primary  SpccdL 
(Odc  mait  hat  hoca  aolr^nl  id  Anr  Um  actaal  matioa.) 

time  tl  :  ot  drawing 

out  am!  '.  this  can  be 

reduced  a^  i>iui.a  as  liesued,  at  ttic  ^  :   bngbtor^^ 

by  cutting  duwn  the  duration  ol  the     ,  „ 

Should  the  speed  be  a  Utile  over  synchromsm,  the  spocs 
will  reach  a  Utile  further  than  the  next  place  by  the 
second  gUmpse,  but  the  same  causes  u  tucU  formerly  made 
them  appear  to  be  stationary  will  now  give  ihc  rye  tUe 
impresMou  lliat  each  has  only  moved  a  distance  c^u.ia  to 
the  excels  ol  their  motion  1   pitch.  '  i* 

that  the   whole   set  is   sec.  .,    Uouly  i  :b 

a    velocity    equal    to    the    cxce^s    ot     thru     sji-cw    ..i-^vc 
tynchrouum.     In  the  same  way,  should  lUc  >(k:cJ  be  a 
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trifle  low,  the  pattern  will  appear  to  be  moving  backwards 
with  a  speed  equal  to  the  defect  from  synchronism. 

From  Kig.  5  it  can  easily  be  seen  tliat  in  cither  case  the 
fraction  of  the  pitch  which  is  gained  or  lost  at  each 
glimpse  is  the  same  as  tlie  fractional  error  of  the  speed, 
and  that  the  slip,  measured  in  spots  per  unit  time,  is  the 
same  for  the  same  proportional  error  of  speed,  whether 
high  speeds  and  few  spots  or  low  speeds  and  many  spots 


Spot  Frequency  equal  to  Twice  Glimpse  Frequency. 


Spot  Frequency  just  over  Twice  Glimpse  Frequency. 


Spot  Frequency  just  under  Twice  Glimpse  Frequency. 

Fig.  6. — Actions  near  Twice  Primary  Speed. 
(One  mark  has  been  notched  to  show  the  actual  motion.) 

are  being  dealt  with.  It  is  proportional  to  the  glimpse 
frequency. 

MiiUiple  speeds. — When  running  at  twice  the  primary 
speed,  the  motion  during  the  glimpse  period  is  twice  the 
pitch,  and  at  the  second  glimpse  each  mark  is  exactly  at 
the  place  formerly  occupied  by  the  second  one  ahead  (see 
Fig.  6).  They  consequently  appear  to  be  steady,  but  the 
definition  is  not  so  good  as  at  the  primary  speed  because 
the  movement  during  the  time  of  vision  is  twice  as  great. 
In  the  same  way  as  before,  the  pattern  seems  to  move 
forward  when  the  speed  is  too  high,  and  backward  when 
it  is  too  low.  The  slip  frequency  is  twice  as  great  as 
before,  and  corresponds  to  a  ghmpse  frequency  of  twice 
the  actual  value. 

In  a  similar  manner  we  may  get  stationary  patterns  at 


■3,  4,  5,  etc.,  times  the  primary  speed,  having  3,  4,  5,  etc., 
limes  as  much  drawing  out,  and  having  the  speed  errors 
magnified  3,  4,  5,  etc.,  times,  corresponding  to  glimpse 
frequencies  3,  4,  5,  etc.,  times  the  actual  glimpse  frequency. 
The  upper  limit  of  tlie  order  of  the  multiple  which  can  be 
observed  is  set  by  the  increased  drawing  out  of  the  images, 
and  by  the  difficulty  of  finding  them  owing  to  the  small 
range  of   speed  over   which   their   magnified   slip   is   low 


Spot  Frequency  equal  to  Half  Glimpse  Frequency. 


Spot  Frequency  just  over  Half  Glimpse  Frequency. 


Spot  Frequency  just  under  Half  Glimpse  Frequency. 

Fig.  7.— Actions  near  Half  Primary  Speed. 
(One  mark  has  been  notched  to  show  the  actual  motion.) 

enough  to  allow  them  to  be  visible.  Unless  the  duration 
of  the  glimpse  be  a  very  small  fraction  of  the  glimpse 
period,  the  images  get  rapidly  fainter  as  the  order  is 
raised. 

Multiples  of  the  primary  speed  cannot  be  distinguished 
from  one  another  merely  by  their  appearance.  Unless  the 
speed  is  known  approximately,  for  example  from  the 
appearance  of  other  patterns  on  the  same  shaft,  they  must 
be  counted  as  the  speed  is  raised,  or  as  the  machine  is 
shut  down.  Successive  multiple  speeds  of  the  same 
pattern  are  in  the  ratio  1:2:3,  etc.,  and  so  they  give  an 
even  speed  scale. 

Submultiple  speeds. — Stationary  patterns  are  also  observed 
when  the  speed  is  a  submultiple  of  the  primary  speed. 
Thus  at  half  primary  speed,  the  spots  move  only  half  a 
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U'hcn  the  speed  i»  not  right,  the  apparent  motion  of  Ihe 
-p'!^  i>  the  same  as  if  their  actual  number  were  increased 
'^  I  .'i4t  appearing  on  the  pattern,  which  is  that  number  for 
which  the  synchronous  speed  would  be  the  primary  one. 
Kor  the  same  proportional  error  from  any  of  these  speeds 
Ihe  same  shp  of  the  spots  is  obtained  as  with  the  primary 
>|>eed.  As  may  be  seen  from  Kig.  8.  the  subiiiultiplc 
>pccds  can  easily  be  distinguished  from  one  another  by 
counting  Ihc  number  of  rings  of  peaks  in  the  pattern, 
provided  Ihe  spots  have  a  suitable  sliape.  I'he  best  form 
Is  Ihe  Gothic  tooth  form  shown  in  this  diagram  and  in 
Kig  9. 

Less  di>tiiict  pjltciiis  arc  formed  at  multiples  of  these 
speedv,  exactly  as  llicy  were  forintd  at  multiples  of  ihc 
pnmary  speed.  I'p  to  twice  pt unary  speed,  nearly  50 
paMcrn*  11:1  K-  delected  on  a  single  ring  sf  spots  with 
less  of  cut-off  given  by  tlie  tuning  fork. 
'  ,  -.  cul-ofi  the  number  is  much  increased, 

but    It   then    becomes  diihcull   to   tell   one  from   another 
unless  the  speed  Ik-  known.     About  10  patterns  are  strong 


outermost  ring  with  h^  teeth  is  employed  for  the  k>we^ 
speeds  only.  .\t  quarter  primary  speed  for  the  ift  ring,  «e 
have  primary  speed  for  the  64  one.  lielow  that  |v>int, 
attention   is   paid   to   Ihe  <>4    !  '  ''on 

sheets  given  in  an  appendix  ^li  :jic 

into  Ihe  series,  vu.  i.  y  },  1,2  (,  14,  1.;.  ,uid  14  luucs  Ihe 
piiiiury  speed,  with  the  addition  of  4  3  for  the  (^  nng 
only.  The  appendix  explains  fully  bow  the  results  are 
worked  up  and  also  gives  Ihe  values  for  aclu.1l  tests. 
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now  sold  at  quite  a  low  price  for  use  in  elementary 
physical  work.  By  pastins*  on  the  glass  a  rim  of  paper 
on  which  the  position  of  the  hand  is  marked  as  each  speed 
is  passed,  the  actual  times  can  be  read  off  at  leisure  after 
the  test  is  made.  The  curves  given  in  the  appendix  were 
obtained  in  this  way.  Smith  (17)  uses  a  similar  dodge  in 
applying  the  voltmeter  metliod. 

Sumpner  (11)  finds  the  time  taken  for  the  speed  to  fall 
from  one  value  to  another  by  counting  the  beats  of  an 
ordinary  watch  ;  he  states  that  with  practice  a  greater 
accuracy  can  be  obtained  in  this  waj'  than  by  employing 
a  stop-watch.  To  carry  out  the  4-point  test  satisfactorily 
it  is  necessary  to  be  able  to  measure  an  interval  of  time 
as  short  as  one  second  with  fair  accuracy,  and  this  cannot 
be  done  with  an  ordinary  stop-watch.  For  this  purpose, 
the  author  has  devised  an  electrical  chronometer  reading 
to  O'oi  second,  which  is  described  in  the  next  section. 

Electrical  Chronometer. 

A  verj'  successful  and  inexpensive  electrical  chrono- 
meter has  been  made  by  altering  a  Westinghouse  ampere- 
hour  meter  of  the  shunted  commutator  type  (Type  o). 
A  scale  of  100  divisions  was  marked  round  the  periphery 
of  the  disc,  and  a  scale  of  disc  revolutions  put  on  the 
second  spindle.  The  rest  of  the  gearing  and  the  shunt 
were  removed.  A  series  resistance  was  added  such  as  to 
make  the  speed  one  revolution  per  second  when  run  on 
a  4-volt  accumulator,  and  a  pressel  lighting  switch  in  the 
circuit  allows  the  instrument  to  be  started  and  stopped 
much  like  an  ordinary  stop-watch. 

With  a  meter  of  this  type,  provided  the  friction  be 
negligible,  the  extra  rotation  made  after  switching  off 
the  current  exactly  compensates  for  the  deficiency  while 
getting  up  speed.''=  There  is  probably  a  small  error  due 
to  the  variation  of  the  torque  with  the  phase  of  com- 
mutation, but  with  a  3-part  commutator,  as  in  this  meter, 
it  is  not  likely  to  be  great.  The  rate  of  the  instrument 
depends  on  the  voltage  of  the  battery,  but  for  the  present 
purpose  only  relative  values  are  necessarj'.  If  the  battery 
is  not  too  small  and  is  in  the  right  state  of  charge  (neither 
freshly  .charged  nor  nearly  discharged)  any  change  during 
the  course  of  an  experiment  will  be  negligible,  seeing  that 
the  chronometer  takes  only  about  J  ampere.  Where  single 
intervals  of  time  are  to  be  measured,  as  distinct  from 
obtaining  a  series  for  a  whole  running-down  curve,  this 
instrument  is  much  more  convenient  than  a  recording 
drum,  although  perhaps  less  accurate,  .and  with  its  aid 
a  number  of  repetitions  of  the  test  can  be  made  in  quite 
a  short  time. 

Another  instrument  is  at  present  being  constructed  in 
which  a  rotating  spindle  is  synchronized  from  the  same 
fork  that  gives  the  speed.  A  clutch  enables  a  counting 
train  to  be  thrown  into  or  out  of  gear,  and  the  time  for 
which  it  was  "in"  is  recorded  by  a  series  of  dials. 

In  conclusion,  the  author  wishes  to  express  his  thanks  to 
three  of  his  students — Messrs.  Rose,  Sainsbury,  and  Smale 
— for  carrying  out  the  experiments  recorded  in  Appen- 
dixes I  and  II,  and  to  the  Governors  of  the  Merchant 
Venturers'  Technical  College,  Bristol,  for  the  necessary 
apparatus,  etc. 

•  D.  Robertson.  Electrical  meters  on  variable  loads.  Journal 
I.E.E.,  vol,  49,  p.  492,  1912. 


APPENDIX    I. 

Analysis  ov  the   No-load   Losses  of  a  Continuous- 
current  Machine  by  the  Running-down  Method. 

Apparatus  in  addilioii  lo  the  machine  to  be  tested. 

Switches,  regulators,  and  instruments  in  accordance  with 

the  diagram. 
Stroboscopic  tuning  fork,  battery,  projection  lantern,  and 

standard  stroboscopic  disc. 
Clock,  with  large  seconds  hand,  having  a  paper  circle 

pasted  on  the  glass. 

Precautions. 

(i)  Before  starting,  check  all  the  connections  very  care- 
•  fully.     Also  see  that  the  brushes  are  at  the  neutral 
point  and  that  any  auxiliary  brushes  are  lifted. 

(2)  Should  any  deviations  be  made  from  the  standard 

diagram,  see  that  they  are  such  that  the  current 
taken  by  the  field-discharge  resistance  does  not 
pass  through  the  hold-on  coil,  the  field  regulator, 
or  any  instruments  of  which  the  readings  are 
required.  Also  that  the  connection  between  the 
field  coils  and  this  resistance  cannot  be  broken 
by  any  of  the  switches,  including  the  starting 
switch. 

(3)  As  the  starter  will  not  fly  back  automatically,  it  is 

essential  to  put  it  to  the  "off"  position  immediately 
after  switching  off,  and  to  make  sure  it  is  there 
before  switching  on  again. 

(4)  The   wattmeter    current-coil    must    be    kept    short- 

circuited  and  the  ammeter  on  the  high-range  scale 
except  during  the  final  adjustment  of  the  speed 
for  the  steady-running  tests.  On  no  account  may 
all  the  wattmeter  plugs  be  out  at  once. 

(5)  Do  not  forget  to  break  the  volt-coil  circuits  before 

making  the  running-down  tests. 

(6)  Avoid  letting  the  machine  stand  between  readings, 

but  keep  it  at  the  speed  «,  during  as  much  of  the 
time  as  possible. 

(7)  See   that   the   main   switch   is  pulled  off   when  the 

experiment  is  complete. 

Experinient. 

(i)  For  some  time  beforehand,  run  the  machine  as  a 
motor  at  the  speed  n,  and  excitation  x  at  which  it 
is  desired  to  test  it. 

(2)  When  ready  to  begin,  put  the  wattmeter  and  low- 

range  ammeter  into  circuit,  get  the  speed  and  field 
current  exactly  right  and  read  all  the  instruments. 
The  supply  voltage  should  be  high  enough  to  allow 
a  few  steps  of  the  starting  resistance  to  be  left  in 
circuit  at  this  stage  to  allow  for  operation  (6). 

(3)  Quickly  reduce  the  speed,  without  altering  the  field 

current,  to  the  next  synchronous  value  n,,  read  all 
the  instruments  and  run  up  to  n„  as  soon  as  possible 
afterwards. 

(4)  Repeat  (2)  and  (3)  several  times  if  necessary,  to  see  if 

the  conditions  are  steady. 

(5)  Break  the  circuits  of  the  voltmeter  and  of  the  watt- 

meter volt-coil,  plug  up  the  wattmeter,  and  put  the 
ammeter  on  the  high  range. 
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(The  brackets  indicate  that  the  last  of  one  group  coincides 

with  the  first  of  the  next.) 
(y)  A  third  observer  should  follow  the  seconds  hand  of 
the  clock  with  a  pencil  and  mark  on  the  paper  its 
position  at  i  .1.  distin^iuikhing  tho^c  for  the 

"tippec"  bi.  -opi  al  the  end,  or  otherwise. 

Extra  long  inarms  should  be  used  for  the  hr:>t  and 
last  signals,  and  different  lengths  for  those  in 
different  minutes  if  the  time  exceeds  60  seconds. 
Note  that  the  first  signal  corresponds  to  the  speed 
n,  and  not  to  the  operation  of  the  switch. 

(10)  The  times  co: :  l;  to  the  various  marks  should 

be  read  ofi  .  and  carefully  checked.     See 

that  the  "  tipi>i.i;  marks  fall  into  their  proper 
place  in  the  tabic.  Rub  all  the  marks  off  the  paper 
ready  for  the  next  test. 

(11)  Repeat   (6)-^  10)   until   sufficient   practice   has  been 

obtained  to  get  reliable  results.     N'umber  the  runs 
consecutively  in  the  tabic,  including  those  men- 
tioned below, 
(la)  Repeat  (0)-4ii  '  .tion  is  exactly 

right  but  u-  1  so  as  to  stop 

the  armaturv;  k.uiicul  l>ul  Icawc  the  field  on.  It 
will  probably  be  necessary  to  omit  some  of  the 
speeds. 

(13)  Repeat  the  mnning-dowu  test  (6-11)  with  the  field 

ofi. 

(14)  Replace  the  volt  connections  and  repeat  the  steady 

readings,  (jH4)- 
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(5)  The  power   Uked   bv  the  amialurr  and  brush  rettst* 

aiice.     I'«3z  ItE,. 

(6)  Tlie  power  u»od  by  the  vulliiielcr  and  the  wattmeter 

Vult-C>Jll. 


'■■-V  (,;.-„•.) 


(7)  The  net  power  used  by  the  "  motion  '  clcctrooMttive 

force.     l',  =  Fw  — Pk- Hi. 

(8)  Tile  total  slraylokS  torque.     /  =  P, -j-  i»^ 

(9)  The  mean  time  taken  to  slow  down  from  a,  to  «EM;h 

of  the  other  speeds  under  each  condition :  field  off 
and  field  on.  Neglect  any  doubtful  runs  or 
readings. 

Gnif>ks. 

<(l)  l^epare  a  sheet  for  the  torque-speed  currcs  and 
plot  on  it  the  torques  calculated  from  the  steady- 
running  tests. 


Kio.  10.— Coonectiont  (or  Running-down  Test. 

(a)  Plot  the  speed-time  cur\-es  lor  the  two  running-down 
tests.  Each  test  sliould  have  its  own  sheet  and  its 
own  time-scale,  taken  as  tu^e  as  coovcuient. 
The  paper  must  be  accurately  ruled,  aiwl  tb« 
potnts  should  be  pricked  with  a  tine  needle,  and 
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then  have  tiny  circles  drawn  round  them  in  ink 
witli  small  spring  bows.  A  magnifying  glass  is  of 
considerable  assistance  for  these  processes. 


(4)  When  the  "  field  on  "  curve  is  satisfactory,  draw  as 
accurately  as  possible  the  tangent  at  the  speed  n,. 
The  best  way  is  to  adjust  an  accurate  straight-edge 


Rl"XN'ING-DO\VX 

Test  oi- 

No.  I 

M.^cHixn 

.    Field  Current  =175 

MlLLl.VM  PERES. 

Field  Off 

Field  On 

stroboscope 

T 

niL-  ill  Seconds 

Time  in 

Seconds 

Number  of 

Speed, 

2 

3 

8 

9 

Mean 

I 

4 

5 

6 

7 

Mean 

Spots 

r.p.m. 

4.30  p.m. 

3.30  p.m. 

1/2  X  16 ) 

2/3   X   12  1 
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0 

0 

0 

0 
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0 

0 

0 

0 

0 
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13 
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14 
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90 
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4-6 
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Steady-running  Tests. 


Spots 

Speed, 
r.p.m. 

Field 
Current 

Milli- 
amps. 

Armature 
Current. 
Amps. 

Brush 
P.D. 
Volts. 

Watt- 
meter 

Reading. 

Divisions 

Gross 
Power. 
Watts 

Resist- 
ance 

E.M.F. 
Volts 

Motion 
E.M.F. 
Volts 

Volt-coil 
Loss. 
Watts 

Resist- 
ance 
Loss. 
Watts 

Net 
Power. 
Watts 

Stray 

Torque, 

10"^  X  watts 

r.p.m. 

Mean 

1/2  X  16 

2/3  X  13 

1,250 
1,154 

175 
175 

0-85 
0-81 

483 
446 

102 
91 

408 
364 

3 
3 

486 

443 

14 
12 

3 
2 

391 
350 

3.3, 

303  J 

308 

(3)  With  a  fine  pencil,  draw,  freehand,  the  best  smooth 
curve  through  these  points.  Test  it  by  looking 
along  it  with  the  plane  of  the  paper  pointing  to  the 
eye,  and  adjust  it  until  it  is  free  from  irregularities. 
Finally,  leave  it  lined  in  finely  in  pencil. 


until  it  seems  to  give  the  best  contact  at  the 
desired  point  and  then  mark  its  position  at  the 
margins  of  the  paper.  Repeat  this  several  times 
without  looking  at  the  marks  and  take  their  mean. 
Test  it  by  making  contact  just  to  one  side  and  then 
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just  to  tlic  otlicr  side  of  the  given  point.  Special 
care  sliould  be  taken  with  this  tangent  because  it 
fixes  the  scale  of  all  the  other  ordinatcs  of  the 
torque  curve. 

(5)  Set   off   downwards   (or   upwards)   along    anj'   con- 

venient ordinate,  from  wliere  it  cuts  the  tangent,  a 
distance  equal  to  the  ordinate  which  represents 
the  torque  found  for  the  speed  11,.  Through  the 
other  end  of  tliis  distance  draw  a  parallel  to  the 
time  axis,  and  erect  a  second  ordinate  where  that 
parallel  cuts  the  tangent. 

(6)  Erect  two  convenient  ordinates    to  the  "field    off" 

curve,  the  distance  apart  of  which  represents  the 
same  time  as  in  the  other  curve. 


(10)  Plot  on  the  same  sheet  the  difference  between  the 

ordinatcs  of  the  "  Field  on  "  and  "  Field  off  "  curves. 
Draw  the  best  straight  line  through  the  points,  and 
label  it  "  Difference.     Magnetic." 

(11)  Draw  a  horizontal  line  througli  tiic  intersection  of  the 

"Magnetic"  line  with  the  torque  axis,  and  mark  it 
"  Hysteresis." 

(12)  Draw  in  the  ordinate  for   that   speed   which  gives 

the  rated  voltage  of  the  machine,  and  label 
its  intercepts  between  the  various  curves  as 
follows: — 

"  Hysteresis  "  from  the  speed-axis  to  the  hysteresis 
line. 


500 


1,000   Revs,  per  minute 
Speed 


Fig.  13. — Loss  Torques  of  a  5  h.p.  Motor  derived  from  the  Running-down  Curves. 
The  circles  show  the  points  determined  by  the  four-point  method,  taken  immediately  after  the  running-down  curves:  see  Appendix  II. 


(y)  Draw  tangents  at  convenient  intervals  along  each 
curve,  say  at  n  ^  o,  100,  200,  300, 400,  500,  600,  800, 
1,000,  1,200,  etc.,  r.p.m.  marking  them  at  both 
ends  with  the  speed. 

(8)  Project  the  intersections  of  these  tangents  with  one 

of  the  vertical  lines  across  to  the  other  and  mark 
the  points  with  the  speed  to  which  they  refer. 
Should  anj'  of  the  tangents  not  cut  both  verticals, 
a  second  pair  at  the  same  distance  apart  may  be 
drawn  to  suit  them. 

(9)  With  the  dividers,  measure  off  the  distances  between 

the  points  last  marked  and  the  intersections  of  the 
corresponding  tangents  with  the  same  ordinate, 
and  set  them  off  as  ordinates  at  the  corresponding 
speeds  for  the  torque-speed  curves.  Draw  the 
best  smooth  curves  through  the  points  so  obtained 
and  label  them  "  Field  on.  Total."  "  Field  off. 
Friction." 


"Eddy  Currents"   from   the   hysteresis    to   the 

magnetic  line. 
"  Friction "    from    the    magnetic    to    the    total 

line. 

Insert,  in  figures,  the  value  of  each  part,  and  also  of 
the  corresponding  power. 

(13)  Draw  up    a  table  of  estimated  losses,  input,  and 
efficiency  at  J,  J,  f,  i/i,  and  J  load. 

The  table  herewith  and  Figs.  11,  12,  and  13  give  the 
actual  results  of  an  experiment  carried  out  in  accordance 
with  these  directions.  This  may  be  taken  to  repre- 
sent about  the  best  that  can  be  obtained  by  the  method 
with  such  a  quick  retardation,  as  the  students  who 
carried  it  out  were  already  familiar  with  the  method 
and  had  acquired  some  skill  with  it. 


A   C.C   KIACHINK   UV   STkOHo^'fM'K^    i.-fWlvr. fwrn-V    MKTHoDs. 


M'J 


AI'I'ENIUX  M. 
Anaiv^I)   or  riiK    Nt>>toAO    l.<.>^rs  or  *  O- 

DOWN  UEriiou. 

Aff^mluf  la  *JditH>m  Id  Mr  miuktut  to  ht  UtUJ  •!«./  i/> 
in<f»t>nn. 

Krf>il>t.>i  I'.ir  arnulurc  circtiil,  Willi  fiiic  adjuttniriil. 
Ai  I  lirld  curt eul  ami  uo-ktatl  ainuluiccuncnL 

VuiiinvKTi  i<>i  aiiiutuie  vulUiJc. 
Watlutrlcr  (or  nolood  cuiiriit  and  full  volume  (ni^y  txs 


Cut  I  I 


and    ^in^lcpulc    swilchrt    lor    armature 
V.  hallrry,  projection  laiilcrn,  and 
^.ling  to  oxii  iiccoiid. 


Precimliaiti. 

As  the  «t:irtrr  will  not  Ay  Kick  automatically,  it  is 
c^»«i/  :  it  to  the  "off"  position  immediately 

after  i;    off,   uid    to   make   sure   it   is   there 

before  suilching  on  ag-,1111. 

If  any  deviations  be  made  from  the  stand;u'd  dia);ram, 
sec  that  ihey  arc  such  that  the  current  taken  by  the 
6cld  discharge  resistance  docs  not  pass  through  the 
hold-on  coil,  the  field  regulator,  or  any  instruments 
t'  li  are  required.     Also  sec  (hat  the 

,.  .       .  the  licld  coils  and  this  resistance 

cannot  be  broken  by  any  of  the  switches,  including 
the  starting  switch. 

Avoid  letting  the  machine  stand  between  readings. 
Keep  it  at  the  speed  n,  during  as  much  of  the  time  as 
possible. 

Do  not  forget  to  break  the  volt-coil  circuits  before 
making  the  running-down  tests. 

See  that  the  main  switch  is  pulled  off  when  the  expicri- 
ment  is  complete. 

Eif'frimtnl. 

(1)  For  some  time  beforehand  run  the  machine  at  the 

speed  n,  as  a  motor,  with  its  normal  field,  and  the 
bru^lics  in  the  neutral  ftosition. 

(2)  \V!  set  the  licld  current  exactly 

!•  iiid,  by  means  of  the  armalurc 

regulator,  :  .  exactly  to  n„  which   brings 

some   stroi  ,        pattern  to  rest.     This  speed 

should  be  near  the  normal  speed  of  the  machine. 

(3)  Note  the  readings  of  all  the  instruments  and   the 

position  of  the  brush  rocker. 

(4)  Quickly   reduce  the   spectl,   wi:!  :    the 

field  current,  to   the  next   s\i.  .  ..c   »•„ 

'.  the  insti  uincais. 

(5)  Ri  ,  id  (4),  several  tunes  if  necessary,  to 

see  that  the  conditions  arc  steady- 

(6)  Break   tlie  circuits  of   the  voltmetei   _ it-coil 

of  the  wattmeter. 

(7)  Quickly  raise  the  speed,  by  the  armature  regulator, 

to   about   the    next    synclironous  one,   and   then 
'  'off  the  armature  and    field 

V  ..blc-polc  switch. 


•i/t  t!ic  t>ti'>oo«»rtrt  r»j»c1l¥ 


Ml  IS  ngjbi,  repeal 
jLi  iiulurc  cuff  cat  oaly 


(i»)  Kei 


ba 


repealed    wiib    oilier    Itcid   curreou  and  ottie* 
brush  positions. 

CaicmUlions.    Calculate  the  followtnc  : — 

(I)  nie  speeds  n,,  11^  }  t     J  -i..   i    •*.  -f  «.'•   1  =  '.-!-  N'», 

where  /o  is  the  ■  veo 

by  the  fork  and  .\, - -.     -  -,*** 

in  the  pattern, 
(i)  The  total  power   1;  *  '      •'  l'«r, 

which  includes  '.  ifl 

the  voltmeter,  ai. 

aiice.    If  no  wall. 

ammelei   and  voitmctu  readings  may  tic   Luicu 

instead. 

(3)  The  "resistance  "  electroaioti\ « force  ci  the  annatitre 

and  brushes  (estimated).  Ek=  K^Ia  -f  about  1  volL 

(4)  Tile  "  motion  "  electromotive  fbrce.     Ek=  V  —  K» 

(5)  The  power  used  by  the  armature  and  brush  resist- 

ance.    I'k  =  I»  Kb- 

(6)  The  power  used  by  the  voltmeter  and  wattmetcf 

,olt.coil.     P.  =  V^+^'J. 

(7)  The  net  power  used  by  the  motion  clccir  ^nuLixc 

force  at  each  sfsecd      F,=  Pw—  l\—  l'> 

(8)  The  con  -i       /.=  I'.  1,. 
{9)  Tlic   tot...                                      .         .    mean    speed 

••  =  i(". +  KJ.     /T=i  (/.+!.). 

(10)  The  product  (mean  torque  /t)  X  (time  taken  to  slow 

from  n,  to  n,  with  the  field  on). 

(11)  Ttie  fnctional  torq  .      "  "  '        '•     iuct 

-H  lime  taken  to  if. 

(l»>  Thi  .  «.     ;a  =  .',  — /,. 

(13)  Hk  d\n. 

'<=i    pioouct  — time   taken   to  slow   from  T  «, 
to  I  n,  with  field  on. 

(14)  The  fiiciional  torque  at  the  speed  t  "• 

/,  =1  product  -^  time  taken  to  slow  from  I  <ia  to 
t  n.  with  field  off. 
15)  Tht  jc  at  I  he  speed  \h.     I^^t,  —  !,. 

(lb)  The  lo<que     at      the      speed     f  a. 

if  ^  JM   !«». 

(17)  The  eddy-current  torque  at  the  speed  ■.     /t  =  J  V 

(18)  The  byslexcsis  torque.    /«  =  /«—/,  =  /„  —  /, 

(19)  The    power    used    by    friction    at     the    speed    •. 

(jo)  The  power  used  by  eddy  currents  at  the  speed  «. 

(11)  The   power    used    by   hysteresis   at    the   speed   a. 
Fn  =  »  /«. 
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The  following  is  a  set  of  readings  for  a  test  by  the 
four-point  method  taken  immediately  after  the  complete 
running-down  test  given  in  the  last  appendi.x,  less  than 
half  an  hour  being  required  for  the  purpose.  The  points 
for  this  test  are  also  plotted  on  the  curves  of  Fig.  13.  A 
similar  test  taken  two  months  previously  gave  practically 


identical  results  ;  the  wattmeter  showed  an  appreciably 
smaller  intake  of  power  in  the  earlier  experiment  (357 
against  370  watts),  while  the  analysis  shows  the  friction 
(166  against  174)  and  eddy  currents  (loi  against  108)  to 
have  been  less,  while  the  hysteresis  was  practically  the 
same  (90  and  88). 


AN.4LYSIS  OF  No-load  Losses  by  Four-point  Running-down  Method. 


H-Pole  Mdcliiiic  jVo.   i    by  Mavor  &  Coulsoii.      Raled  cil   4   kilowatts,  500  volts,  9  amperes,  1,200  r.p.m. 
Field  current  o'i7S  ampere.     Brush  rocker  at  40.     Date  28/5/14. 


Brush  P.D.     ... 
Armature  current 
Wattmeter  reading 


Steady  running  at  1,250  r.p.m.  (1/2  X  16  =.8  spots). 


483  volts 

"  Motion  "  E.M.F. 

..     480  volts 

Volt-coil  loss 

0-85  amp. 

"  Resistance  "  E.M.F.    . 

3     - 

Resistance  losses 

102  divisions 

Gross  power 

..    408  watts 

Net  power 

Total  stray-loss  torque        313 


14  watts 
3      .. 

391      ., 

watts 
1,000  r.p.m. 


Brush  P.D.     ... 
Armature  current 
Wattmeter  reading 


Steady  running  at  1,154  r.p.m.  (2/3  x  13  :=  8  2/3  spots). 


446  volts 
0"8i  amp. 
91  divisions 


"  Motion  "  E.M.F.           ...     443  volts 
"  Resistance "  E.M.F.    ...         3     „ 
Gross  power         364  watts 


Volt-coil  loss 
Resistance  losses 
Net  power 


12  watts 
2      „ 


350 


Total  stray-loss  torque        303 


watts 


1,000  r.p.m. 


Running-down  Tests. 


Full-speed  Range. 

(Off.    0  4-S5,    472,    476,    4-87,    4-93 
1,250  to  1,154  r.p.m. -j 

lOn.     '•'2'2g,     2'2i,     2'20,     2-34 


Half-speed  Range. 


625  to  577  r.p.m. 


I  Off.     "'3-69,     3-68,     3-63 

I  On.     '^'l•67,      1-55,      1-67,     1-62 


"470,    4'83.    4'92.    4"87 


Mean 

4'8o  sec. 

2-26      „ 
3-67      .. 

i'63    „ 


Analysis  of  No-load  Stray  Losses. 


Half-speed.    6oi  r.p.m. 

Full-speed.    1,202  r.p.m. 

Torque. 

Watts 
l,cx)0  r.p.m. 

Power. 
Watts. 

Torque. 
Watts 

Power. 
Watts. 

1,000  r.p.m. 

Total  stray  losses          

Friction  loss       

Magnetic  losses 

Eddy-current  loss         

Hysteresis  loss 

213 

95 
118 

45 
73 

128 
57 
71 
27 

44 

308 

145 

163 

90 

73 

370 
174 
196 
108 
88 

A    CC     MAtHlNK    MV    STK'(  »H(  )St()IMC-    K'fN\'l\f:  r)()\V\    MKTUDDS 


■m 


AI'i'KN'UIX  III 
Him.iucMAi'KV. 

(I)  DHV&lkAl.E,  C.  V.     SlrottOM.'opy.     TranniitiOHt  or  lk< 

Ofhitll   SMIfll.    l^'tJOH.     p.     I,     H/OC,-<>  .      Jlltl     <l>t> 

(>//i«iii'i  4ii«>/  I'ktUi'ttiifhiK    JitiJo  Ketteu,  vol.  ju. 
p.  jjiK.  igi>s-fi. 

(iivct  411  4C<.ouiit  of  tlic  stiutKisvopii:  prill 
ciplc,  and  r\pUiiis  the  u^  of  a  tuiiiiii*  loik  a»  a 
tundard  of  ^(tccd. 

— ■ .      Speed,    fr«?4ucncy,    and    accleration 

meaMirrniciiU.    Eleilinjl  Kfrint,  \x>\.  $•>,  pp  ;.''; 
and^i'  iiiii  xlto  Sficnte  Ahltrath.vot.  If,  U. 

N'u.  1 1 
t... 
and  . 

I    and    with   a    brake   load  ;    also   ol 

„  .ip  curves. 

(j)  Kes'nku  V,  A.  E.,  and  WMITISti.S,  E.  The  measure- 
mr-  •  '  •  r.-iry  sjvreds  of  dxniaino  machines  bv  the 
M  V    fork.     Tiiiiiuulwni  ot  the  Amcrmin 

J'  '  >.  vol.    jy,  p.   (>}i, 

i>>  voL  II,  A,  No.  i>4t>, 

l.;u^. 

DescrilH->  Drysdale's  experiments  and  a  new 
adjustable  tuning  fork. 
3)  KobEKrs«>s',  I).  The  stroboscope  in  speed  measure- 
ments and  other  engineering  tests.  Tranunliom 
0/  Ike  ImtitHlwH  of  Engineers  iinif  Shif'buililfn  111 
StollanJ,  vol.  56,  p.  •J^^J,  1913  ;  also  Mahanual 
Engtnter,  vol.  31.  pp.  51;  and  539,  1413  ;  and  also 
Scicmit  Ahitradi,  vol.  |6,  B,  No.  1079,  1913. 

Gives  an  account  of  the  various  appHcations 
of  the  stroboscopic  principle. 

A^ahstt  of  loisti  of  conlinuous-currenl  machines  l<\  runniHg- 
ilintn  melhoiiy. 

(4*  .\SHWORrii,  J.  R.  A  method  of  measuring  dynamo 
efficitiicy.     Elettncian,  vol.  30,  p.  459,  1893. 

SugKiNts  a  running-down  test  for  determining 
the  elhcicncy  under  load  and  also  for  analvsinj; 
the  losses 

.    Determining  dynamo  cfliciency.     EUi- 

Irical  krfiat-,    vol.   51.   p.    8S7,    1902;    and   also 
SdfiKe  Abitracli,  vol.  6,  B,  No.  361,  1903. 
(51  RoiTIS,  J.   L.     iclairagc  Etetlnque,   vol.  9,   p.  169, 
1896. 

Explains  the  running-down   method   of  loss 
analysis. 
(6)  Clai'DC,     G.       Dynamo    efficiency.      L'EleclruUn, 
vol.   15,  p.  43,   1898  ;    and  also   Scieiu<  Abslratli, 
vol.  I,  No.  11)1),  i!S«>8. 

I'sing  a  tachometer,  three  running-down  tests 

arc  made,  viz.  (.j)  field  on,  (M  field  off,  and  (f) 

field  on,  with  a  known  brake  torque.     Cur\'es 

are  plotted  and  tangents  drawn. 

(7'  LiniFNOW,  C.     Dynamo   testing.     EUktrotethniiche 

/-cit^,knft,  voL  20,  p.  J74,  lt<99;  and  also  Sitenct 

At-'lr.tity.  VoL  2,  No.  1431,  1899. 

Siiiul.ir  to  ^6). 


ill  I  i 

all 


.ly. 

-    -'.'«»• 

*o,  pp.  wj  and   fia, 
>/fiM/i,  «oL  t.  No.  I4>0k 


47. 


ti\kmiuk<    ■ 

\>*H) ;  and  «j^.  ~. 

|S,;1. 

.<    \\-\\.   A       • 
the   rnl. 

pr 

Vo, 

I>im.u~m:>   ine   various   ways  of    finding   tbc 

innli.i,    and    refers    lu    the    UM   tA    a   Mlfkr^ 

1 1-'    Tiling  drum. 

tiui  r»:i  kiKi,    \V.      Dyiiani'     '      -        »i  •,. ..    ,.^.^,j^ 

ZaIukntI,  vd.  JJ.  p.  Hit 

Ai  -  .  ■   :  ': 

'1  II)  which  «>rT«- 
cd 

(III  Si'Mi'NiiK,  W.  t.  testing  motor  Iomcs.  Jotirnal 
I.E.E.,  vol.  31.  p.  632,  1901  ;  and  also  Stumu 
Abiltadi,  vol.  5,  No.  1238,  1902. 

I' scs  voltmeter  to  measure  diff ere-       '-  •-.vren 

armature  and  mams  voltatfe.  and  .  ^nt 

bv    i.  dtv-ckiatlOO 

lc^t5    . 

(121  Hktss,  A.     l>ciciiiiiiialK>u  ul  Hull  lussc-s and  fnctioo. 

Etnlrual    h'eiinr,    vol.    53,    p.    421,    1903;    also 

Eltclnaan,  vol.  51,  p.  1049,  1903  :  and  also  Satmt* 

Abilracli,  vol.  7,  B.  No.  1968,  ii>04. 

Calculations  made  from  time  taken  to  come 
to  rest  after  switching  off. 

(13)  Ll.S'KK,   W.     Retardation    method  of    determining 

frictional    losses    in    <'  -^ke 

Zettiihritl,  vol.  26,  p.  .nt< 

Abslratii,  voL  8,  B,  No.  1113,  190.;. 

Steady  running  and  retardation  tests. 

(14)  RoEHi.E,  F.     Separation  of  bearing  and  air -friction 

losses  by  means  of  retardation  curves.  EUktny. 
tttkHiuke  Zeilscknfl,  voL  26,  p.  794,  1905  ;  also 
£1/.  .f,  vol.  44.  p.  470,  190;  :  and  also 

Sii.  '.ol.  8,  B,  No.  14^-  it|o;. 

KcuiUaiioii    method    of    m  ':oo 

losxrslroin-others.  ANsuniesbc..  m 

other  data  and  takes  remainder  a>  air  inclK'n. 

.     Determination  of    moment  of    inertia 

from  retardation  and  acceleration  cur\-es.  Eltktro- 
leckmstke  Zatitkntt,  vol.  27,  p.  77,  1906 ;  and  also 
Seitn<e  Abitraclt,  voL  9,  B,  No.  321,  1906. 

Detennines  inertia  from   i ..  '   wn  and 

running-up  curves  for  same  ;  ont. 

(15)  Di<\~  '     V.    Speed,  frequency,  and  accelera- 

ti>.'i.  I  meiits. 

See(i^     Describc«  tui:  -J. 

fi6^  Yolxu,  A.  P.     Methods  of  dc: „  . .  aidatioo. 

Eleilntal  World,  vol.  4t>,  p.  551,  1907  ;  and  also 
Sciaue  Abstracts,  vol.  10.  B,  No.  531.  1907. 

Gives  two  methods  oi  determining  rctarda- 
1.  ■  ■  -        .        ■  led 

:  .  ihc 
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primary  of  a  transformer  having  an  air-gap  in 
its  magnetic  circuit.  Tlic  secondary  is  con- 
nected to  a  voltmeter  and  gives  a  voltage 
proportional  to  the  rate  of  cliange  of  the 
voltage  of  the  small  dynamo,  and  therefore 
proportional  to  the  rate  of  change  of  speed. 
In  the  other  method  the  auxiliary  dynamo  is 
connected  to  a  condenser  and  galvanometer  in 
series. 

(17)  Smith,  C.  F.     Experimental  determination  of  the 

losses  in  motors.  Journal  I.E.E.,  vol.  39,  p.  437, 
1907  ;  and  also  Science  Abstracts,  vol.  10,  B,  No.  919, 
1907. 

Gives  a  very  full  account  of  the  various 
methods  of  separation,  and  advocates  the  use 
of  a  special  calibrated  flywheel  for  the  retarda- 
tion test. 

(18)  Delu,  B\    Motor  losses.    Association  des  Ingenieurs 

Elcclricicns,  Bulletin,  Institut  Electro  technique 
Montefiore,  Liege,  vol.  7,  p.  328,  1907  ;  and  also 
Science  Abstracts,  vol.  11,  B,  No.  414,  1908. 

Gives  methods  of  finding  the  moment  of 
inertia. 

(19)  Kapp,    G.      Experimental     determination     of     the 

moment  of  inertia  of  a  direct-current  armature. 
Journal  I.E.E.,  vol.  44,  p.  248,  1910  ;  also  Elec- 
trician, vol.  64,  p.  609,  1910 ;  and  also  Science 
Abstracts,  vol.  13,  B,  No.  311,  1910. 

Gets  inertia  by  comparison  of  acceleration 
and  retardation  curves  with  the  same  current. 

(20)  Herlan,    F.   W.      Retardation   tests   of    electrical 

machines.  Electrical  Review  and  Western  Elec- 
trician, vol.  57,  p.  415,  1910;  and  also  Science 
Abstracts,  vol.  13,  B,  No.  870,  1910. 

Gives  an  account  of  the  retardation  method 
of  separating  the  losses. 

(21)  ScHMiEDEL,    K.      Frictional    errors    in    electricity 

meters.  Verein  zur  Befdrderung  des  Gewerbfleisses, 
Verbandlungen,  pp.  571  and  655,  1910,  and  p.  iii, 
191 1  ;  and  also  Science  Abstracts,  vol.  14,  B, 
No.  473,  191 1. 

Application  of  the  running-down  test  to  the 


separation  of  the  components  of  the  resisting 
torque  in  an  electricity  meter. 

(22)  CzRPEK,  R.     Delineation  of  the  retardation  curves 

of  small  machines.  Elektroteclnii/;  tind  Masclii- 
nciibau,  vol.  30,  p.  137,  1912  ;  and  also  Science 
Abstracts,  vol.  15,  B,  No.  394,  1912. 

Uses  an  auxiliary  dynamo  and  a  recording 
voltmeter  of  spark-record  type. 

(23)  YiTTBERG,  A.     A  new  method  of  determining  the 

no-load  losses  of  machines.  Elcktrotechnische 
Zcitschrifi,  vol.  33,  p.  1158,  1912  ;  also  La  Lumicre 
Electrique,  vol.  20,  p.  401,  1912  ;  and  also  Science 
Abstracts,  vol.  16,  B,  No.  54,  1913. 

Retardation  determined  directly  as  in  Young's 
second  method.     See  (16). 

Analysis    of    losses    in    induction   motors   by   running-down 
methods. 

(24)  Braun,  R.     Frictional  losses  in  induction  motors. 

Elcktrotechnische  Zeitschrift,  vol.  20,  p.  685,  1899  ; 
and  also  Science  Abstracts,  vol.  3,  No.  349,  1900. 
Mentions    the    running  -  down    test     among 
others. 

(25)  Bragstad,  O.  S.,  and  J.  L.  la  Cour.     Separation  of 

losses  in  induction  motors.  Elcktrotechnische 
Zeitschrift,  vol.  24,  p.  34,  1903  ;  and  also  Science 
Abstracts,  vol.  6,  B,  No.  692,  1903. 

Application  to  induction  motors,  getting  con- 
stant  by  running  as   synchronous  motor  with 
continuous-current  excitation  of  rotor. 
26)  Bragstad,  O.  S.    Separation  of  the   losses  in  an 
induction    motor.      Zeitschrift  filr  Elektrotcchnik, 
Wien,  vol.   23,   p.    381,    1905 ;    and    also    Science 
Abstracts,  vol.  8,  B,  No.  1036,  1905. 
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MiLU  \V*U(>R  :  The  attlhor*  an  I o  be  coo- 
(ratalaiwi  upon  luviii);  K^v«ii  a  !>o' 


aitd  Ixiiitc*  hoar  in  •  very  emphatic  way— more  cmpbaU- 

■    ■■  *  •    .  '  .      .     .i      -"ance 

>  in 
iUaI    we 


Cjpji.  ..  - 

ripple  as  pouihir  in  Ihc  K.M.K.  wave-form.     Sonictiiiict  he 

goes  «o  far  xs  to  iiiMrrt  111  tlit-  spcoilicalion  a  cUusc  to  the 

effect  that  aiiv  npplc  in  the  K.M.K.  wave-form  iiiuit  not 

exceeit   a   certain    i 

diflfrrriil  iHcj*  of    \ 

i      CClil.  *t, 

>   of  the  <J 
how  much  (he  npplc  is  j^oin^  to  be.    It 

.  ...    p,  .     :--.   vv  the  approKimatc  values  of  the  ripples 

in  the  Aax  wave-form.  If  we  consider  the  electromotive 
force  generated  by  only  one  conductor  ux  have  of  course 
in  its  wave-form  a  picture  of  the  distribution  of  the 
!  ■   that  is  to  say  the  shape  ot  the  liux  w.ivc  of 

It  is  [K»sible  then  to  calculate  with  a 
fall  Jejiice  «.>f  atxuracy  the  form  of  the  inagnetit;  lield. 
When,  however,  the  purchaser  says  that  inthelinal  E.M.K. 
wave-form  there  must  be  no  ripple  of  more  than  a  certain 
percentage  of  the  fundamental,  the  designer  generally 
finds  considerable  difticulty  if  the  winding  lies  in  slots. 
He  does  not  know  how  to  ascertain  the  exact  K.M.F.  wave- 
form from  the  wave-form  of  the  magnetic  field.  That  is 
tlie  problem  which  tlie  authors  have  solved  verv  neatlv. 
Not  onlv  huve  they  given  some  analytical  simplilications  of 
the  [  '  iit  they  have  also  worked  out  the  values  of 

cert.i.  ,^  factors  which  are  really  the  kernel  of  the 

whole  matter.  They  show  how  we  should  proceed  in 
order  to  find  out  the  value  of  any  ripple.  Consider,  for 
example,  the  seventh  harmonic.  From  the  particulars 
given  in  the  table  on  page  218  we  can  tell  ex.ictly  how 
great  the  seventh  harmonic  will  be  111  the  K.M.K.  wave- 
form ;  so  that  the  designer  is  now  in  a  much  lietter 
ftosition  than  before  this  paper  was  written.  While 
I  think  tlie  authors  are  to  l>e  congratulated  upon  carry- 
ing the  subject  as  far  as  they  have  done,  1  hope  that 
they  will  be  able  to  continue  the  work  and  carry  the  matter 
still  further.  As  Dr.  Smith  said  in  his  introductory 
remarks,  they  have  confined  their  attention  to  the  case 
of  no  load,  which  in  itself  is  quite  a  big  work.  I  am 
afraid  that  the  paper  hardly  goes  far  enough  to  cnable 
us  to  '  in  alternator  will  not  have  harmonics  above 

a  cei'.  lit  when  it  is  running  under  load  unless  we 

can  ascertain  exactly  the  form  of  the  magnetic  held  on  full 
load.  We  shall  therefore  ho|>e  tliat  the  authors  will  give 
Ds  another  paper  dealing  more  fully  with  the  matter. 
There  are  in  Manchester  a  large  number  of  electrical 
students,   and   a   paper   of   this   kind   illustrates  to  them, 

*  Paptf  bv  Mrur>  &.  P.  Smilli.  D.Sc.,  and  R.  &  H.  Botadinc  (we 


of  symbols     '  makes  the  expressions  on  page  214  look  very 


:tic- 

■11  to 

sec  what  all  tlie  Mites,  cosines,  etc.,  have  got   to  do  with 

practical  work.     I  do  not  say  thai  he  cannot  always  ace  O, 

but  expressions  such  as  those  on  page  Sll  tocmcd  to  me, 

'    ,1.   of    very  iciiiotc   use.     Now   this   |>aper 

use    of     !>ui:>i     iiiathriiiatical     expre^sMJOL 

.bu- 
.cats 
are  Mjinetiiiics  (old  itiat  "  It  is  no  .    mathemaUcs 

unless  we  are  paid  for  it."     The  que  ^      es,  "  How  can 

we  be  paid  for  doing  mathcrnalics  .' "  Well,  we  ic«  it 
here.  I  call,  say,  on  Mr.  Wheelwright,  who  tay«.  "  Ves, 
this  IS  a  very  nice  alternator,  but  wh.it  is  the  amount  of  the 
eleventh  harmonic  ?  "     By  rcferrmg  to  (■  itoot 

five  minutes  1  can  reply  "  I'l   per  cent  the 

order.     There  is  just  one  point  in  the  paf>ci  ish 

to  criticLce.     It  relates  to  the  symbols  used,      i  '.aoa 

S 
r  2 

much  more  complicated  than  they  really  are.  It  would  be 
much  better  to  use  one  symbol,  say  «.  for  the  angular 
breadlh  of  half  the  coil  and  then  the  cxpressioos  oo 
pages  ii4  and  Jiftarc  very  much  i- 

-Mr.  K.  M.  Kave-Havsks  :  I  am  . 
paper  as  I  am  directly  concerned  with  1 
alternators,  and  I  think  designers  have  1 
thankful  to  the  authors  for  the  dear  way  in  which 
they  have  brought  the  matter  forward.  Most  of  the 
authors'  conclusions  are  more  or  less  known  to  the 
speci.ili-(  ile-.i)iner,  but  I  have  never  seen  them  brought 
forwui.l  HI  ^uch  a  clear  way  and  arranged  m  soch  a 
in.iMiier  that  one  can  easily  calculate  beloreliaod  the 
rc-ulls  to  be  exivxted  »Tth  the  higher  harmomcs.  The 
use  of  the  fractioital  windings  for  obtaining  the  sine  wave- 
form is  of  course  a  very  useful  ex[>edient,  but  sometiinM 
there  are  commercial  reasons  against  it.  lite  main  reason 
is  the  question  of  having  to  use  the  same  die  for  3-phase 
and  3-pliase  winding,  for  parallel  connections,  etc. 
Otlu'iv^i^**  ■  •  ■    oc 

li.iu-N|Hc>l  .ind 

gives  excellent  loulis. 

Professor  A.  B.  KieuD  :  Without  ccHumitting  ourselves 
as  to  the  great  practical  importance,  or  olherwise,  in 
operation  of  slight  discrepancies  of  wave-sliapes,  the  fact 
remains  that  purchasers'  specifications  frequently  call  for 
s(>eoitic  rr-i  '«   as  Professor  Walker  h..  "lod, 

and  nijiuii  ive  to  work  to  these  :  Ir  int 

of  view,  su  I    as  this  Is  of   great  value 

a  little  s>d<. .  lown  upon  the  questioii  u<  li^ 


Mi  raj«> 
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Professor  ing  importance  of  slight  ripples  hv  the  fact  that  pur- 
chasers'  specitications  usually  limit  us  in  this  respect  on  no 
load  ;  whereas  the  practical  conditions  will  always  involve 
partial  or  full  load.  On  the  other  hand,  it  is  hard  to 
specify  consistently  the  requirements  in  this  respect, 
inasmuch  as  the  amplitudes  of  the  voltage  harmonics 
will  be  largely  influenced  by  the  exact  nature  of  the  load. 
They  will  depend  upon  the  amount  of  underground  cable 
connected,  the  amount  and  loading  of  the  transformers 
in  circuit,  and  so  on.  In  the  case  of  a  test,  the  results  with 
a  water-box  load  will  not  check  with  those  obtained  by 
using  other  tj'pes  of  loads.  There  are  some  cases,  how- 
ever, which  immediately  interest  a  manufacturer,  quite 
apart  from  the  user.  For  instance,  it  is  well  known  that 
if  we  wish  to  use  delta  connections  in  a  generator,  it  is 
important  to  investigate  the  matter  in  advance  and  ensure 
that  the  magnitude  of  the  third  and  ninth  harmonics  will 
allow  us  to  employ  such  connections  without  incurring 
serious  circulating  currents.  Again,  the  case  mentioned 
by  the  authors  of  a  turbo-generator  feeding  directly,  with- 
out transformers,  a  6-phase  converter,  is  probably  one 
which  many  of  us  have  had  experience  of,  to  our  sorrow. 
Unless  special  precautions  are  taken,  we  may  find  that 
the  third  and  ninth  harmonics  give  considerable  circulat- 
ing currents  ;  and  the  losses  incidental  to  these  are  greater 
than  would  appear  offliand  to  correspond  with  their  magni- 
tudes, on  account  of  the  large  stray  and  eddy-current 
losses  associated  with  the  comparatively  high  frequencies. 
In  a  number  of  tlie  stations  of  New  York  and  Brooklyn, 
the  operating  voltage  was  originally  fixed  at  6,600, 
but  with  provision  to  change  over  to  11,000  volts  when 
extensions  of  the  system  render  this  advisable.  In  con- 
sequence, many  of  the  large  generators  in  these  stations 
were  specified  to  be  delta-connected,  so  that  by  changing 
to  star  connections  the  ii,ooo-volt  operation  could  be 
obtained  with  the  same  winding.  This  is  an  illustration 
of  a  case  of  large  machines  in  which  one  might  otherwise 
be  somewhat  reluctant  to  use  a  delta  connection.  In 
many  of  these,  however,  the  turbo-generators  had  their 
staters  wound  with  a  two-thirds  coil-pitch,  which  com- 
pletely eliminates  the  third  and  ninth  harmonics.  In 
this  connection,  one  might  perhaps  take  some  exception 
to  a  remark  of  Dr.  Smith's  to  the  effect  that  on  alter- 
nator work  we  nearly  always  have  full-pitch  windings. 
In  the  United  States  it  is  quite  usual  to  have  chorded 
windings  on  alternator  stators,  particularly  in  the  case 
of  turbo-generators.  One  case  of  some  interest  might  be 
mentioned  of  the  comparatively  big  effect  of  a  very  small 
harmonic.  In  such  a  machine  as  that  referred  to  above, 
the  vi-inding  v^as  of  the  type  described  by  the  authors 
as  a  double-layer  winding,  and  the  stator  coils  were 
chorded  so  that  the  coil  pitch  was  not  quite  two-thirds 
of  the  pole-pitch,  the  difference  being  one  slot-pitch. 
The  effect  of  such  a  chording  would  be  almost  completely 
to  wipe  out  the  third  harmonic,  the  only  remnant  being 
that  corresponding  to  the  discrepancy  of  one  slot.  We 
might  therefore  expect  the  value  of  the  third  harmonic 
to  be  negligibly  small ;  on  the  other  hand,  if  we  consider 
the  circuit  through  which  a  third-harmonic  current  would 
circulate  in  the  delta,  we  find  that  the  path  doubles  back 
upon  itself  in  every  slot  except  three  per  pole,  in  which 
slots  the  current  flows  in  the  same  direction  in  the  con- 
ductors of  the  two  coils  located  there.     In  this  way  the 


natural  reactance  which  opposes  tlic  circulation  of  a  third-  Jlr"'"'*' 
harmonic  current  has  also  been  eliminated  almost  entirely, 
so  that  even  a  very  small  voltage  efifect  may  give  us  an 
appreciable  circulating  current  in  the  delta.  This  matter 
showed  itself  by  the  burning-out  of  the  stator  winding 
once  or  twice,  on  every  occasion  the  fault  developing 
in  one  of  the  few  slots  which  carried  two  coils  of  one 
phase.  These  machines  were  built  a  number  of  years 
ago  before  very  much  attention  was  paid  to  the  question 
of  losses  in  deep  solid  conductors  on  account  of  the  cross- 
slot  flux  ;  and  this  particular  winding  was  arranged  with 
two  strips  deep  in  the  slot,  the  depth,  or  width,  of  each 
strip  being  considerably  greater  than  we  should  use  at  the 
present  time.  Now,  the  extra  losses  to  be  anticipated  in 
the  conductors  of  the  few  special  slots,  compared  with  those 
of  the  other  slots,  would  be  as  follows  ;  In  the  first  place, 
the  main  currents  in  the  lower  and  upper  layers  of  con- 
ductors are  in  phase  with  one  another,  instead  of  being 
60"  apart,  and  this  results  in  heavier  eddy-current  losses 
in  the  outer  conductors  of  these  slots.  Secondly,  with 
regard  to  the  triple-harmonic  current  circulating  in  the 
delta,  this  also  maintains  the  same  phase  in  the  two 
layers  of  these  special  slots,  but  is  iSo"  apart  in  the 
two  layers  of  all  other  slots.  On  account  of  the  high 
frequency  of  the  third  harmonic,  a  comparatively 
small  circulating  current  is  responsible  for  large  eddy- 
current  losses  in  the  outer  conductors  of  those  slots  having 
no  phase-difference  between  the  two  layers,  whereas  in 
the  other  slots  this  loss  is  no  greater  in  the  outer  con- 
ductors than  in  the  inner  ones,  on  account  of  the  180° 
phase  difference.  There  seems  very  little  question  but 
that  the  failure  of  the  winding  was  due  to  this  last  cause, 
and  no  further  trouble  was  encountered  after  changing 
the  coil-pitch  to  exactly  two-thirds  of  the  pole-pitch,  and 
slightly  changing  the  insulation.  In  conclusion,  I  should 
like  to  draw  attention  to  the  importance  of  the  curves  in 
Fig.  21,  and  for  comparison  Fig.  16.  These  appear  to  me 
to  illustrate  a  matter  of  considerable  importance  which  is 
apt  to  be  overlooked  :  namely,  the  harm  of  having  the 
rotor  slot-pitch  nearly  equal  to  the  stator  slot-pitch. 

{Communicated)  :  I  wish  to  correct  a  misunderstanding 
of  my  remarks  evinced  by  Dr.  Smith's  verbal  reply  at  the 
meeting.  In  the  case  of  the  large  delta-connected  turbo- 
generator to  which  I  referred,  the  winding  was  entirely 
symmetrical,  there  were  no  parallel  circuits,  the  stator 
coils  were  all  alike  and  of  the  same  span,  and  the  three 
phases  were  identical,  except  for  their  relative  120°  dis- 
placement. The  number  of  stator  slots  per  pole  per  phase 
was  an  integer.  The  point  upon  which  I  wish  to  lay  stress 
was  that  by  using  a  coil-span  differing  from  two-thirds  of 
the  pole-pitch  by  one  slot-pitch,  there  remained  in  the 
phase-voltage  wave  some  remnant  of  the  third  harmonic 
which  occurred  in  the  conductor-voltage  wave.  In  a 
delta-connected  winding,  if  there  is  any  third  or  ninth 
harmonic  in  the  phase  voltage,  this  element  of  voltage 
becomes  of  the  same  phase  in  the  three  legs  of  the  wind- 
ing, and  results  in  a  net  circulating  current,  as  is  well  under- 
stood. I  think  no  builder  of  reputation  would  construct 
such  machines  as  I  was  referring  to  with  unsymmetrical 
circuits  or  with  parallels  which  were  not  "identical." 

Dr.   G.   W.   WoRRAi.L  (commiinicaled)  :    This   paper   is  Dr. 
useful   if   only   as   a  comprehensive   collection   of   matter 
well  known  to  designers  and  other  engineers  who  have 


Worr.ill. 
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l!:al   llltKllul   lite-  llljillri   ^•i\rniii    !!•. 
I   AinoKl,  hut   III  It 
1  -.     -  ■  iij;liNti,     I  luvc  iiol  .' 

Ilic  lupcr  a>  lairiully  ai>  it  doMTVca,  IhiI  uii  lii>t  ic  ' 

_.  j|    ||„|i,c>Mon    I*    tlul    tl»C    Jilt''   ■'-     '    '^ ' 

iMitnni  tlir  iiidivuiuol  i  ippic  ' 

^-        .      .'     >1         I  ,  ■     .•       3.'     ll.i 

I         t       •         J',  tjli    llic  w  . 


n^         I. 
l>c  tdkrii 


^Liic       Ultl<     {.i-XlAiivi     Uki 


'luce  ciii.-tilaliii(>  currciil!>  whicli   cjum:   unequal 

1 ...aliiii*  ul  the   iiucliiiir.     Such  a  cj>c  cjiiic  to  my 

notice  J  short  tiinr  j(:>i.  'flic  ripplet  alko  cauMr  vittratioii 
of  the  tcrth.  4iul  >ciiuu!>  breakdowns  undoubtedly  due  to 
itut  CJUM.-  ate  by  no  means  rare.  There  must  of  course  lie 
.  A  the 

due 

li^i     lllicvlltc     :  :.llll.c.       lluiiii;^ 

the    past    few   :  r  down   in   this 

way.  one.  a  low-speed  alternator  alter  a  lew  we<k>'  running, 
and  the  other  a  high-speed  turt>o-alternator  after  eight 
years'  lunning.  It  is  therefore  of  the  utmost  importance 
to  >ui>pfesN  the  ripples  as  far  as  possible  in  each  conductor 
.iiui  not  merely  to  cancel  them  out  in  the  aj^gregulc.  Souk- 
ihods  adopted  arc  described  in  the  jxiper.  The 
.  ke  no  ^..jIcs  on  any  of  the  diagrams  ;  some  of 
I  IK  »a\t  ^  may  be  of  high  voltage,  in  which  caic  coiisidcr- 
•jl'lc  ii|'i<lcs  may  l>c  present  even  in  a  wave  which  may  l>e 
apparently  smooth.  The  mathematical  treatment  of  the 
subject,  while  useful  for  calculating  magnitudes,  is  not. 
1  think,  the  best  method  of  explaining  phenomena,  and 
I  find  a  physical  expbiution  much  more  effective.  For 
iiutance,  the  presence  of  the  break  of  continuity  referred 
to  111  page  iij  near  the  top  of  the  left-hand  column  can  be 
ijuiu  easily  explained  without  the  artihcial  device  of 
revolving  the  ripple  into  two  harmonics ;  and  when  it  is 
l>oriic  in  mind  that  there  is  not  the  slightest  ground  for 
assuming  that  the  ripple  is  a  sine  wave,  the  physical 
method  is  much  more  accurate. 

Messrs.  S.  P.  Smith  and  K.  S.  H.  Bol-lding  (in  refly) : 
We  arc  very  grateful  for  I'rofessor  Walker's  appreciative 


ii. 

were  glad  to  n>  '  .'tj 

in   conncctiun    «m.i    ■.  j  :.jti  ••!• 

directly  olf  an  aliet  lutor.    'Hx 

Proii^x>i     Kiild    relejs    in    In-;    i  •■^' 

Mciii>    to    li.ivi.    ariM-n  from   the   I  .  '>ot 

awaic  wlielhci   the  u 

or    the    doultlc-lavei 

removed  because    Professor   l-ield  tiad  lel|    ttic 

The  only  itoint  tliat  wc  wished  to  emphasue  in  ■_—    -    ,    , 

was  that  in  the  case  of  a  single-layer  winding  with  a  whole 

iiuniber  of  slots  per  pole,  the  >  "  uld  be  studied  by 

ii|>l.n.ing  the  actual  coiU  by  1  ils. 

The   remarks   about    ui  .      c  in 

reference  to  Dr.    \Vorr.i..  >    of 

making  parallel  circuits   idenlical  is  ■>'.:  ietl 

in   dillercnt   parts   of   the  l>aper,   and    :  -  of 

syiiimetiy  are  given.  Also  the  means  for  getting  r»d  of 
the  ripple  in  the  conductor  pressure  are  discussed.  To 
us  it  seems  somewhat  unreasonable — though  perhaps  not 
from  Dr.  Worrall's  point  of  view — to  expect  designers 
to  be  able  to  pioducc  machines  that  can  be  guaranteed 
against    breakdown  not 

agree  with   Dr.  Wo;  frf 

a  sine  wave  for  the  llux  distribui 
tooth   ripples  analytically.    After   .;  „  ,     ■ 

phenomena,  the  analytical  inveitigation  enabled  an  insight 
to  be  obtained  into  the  magnitude  and  phase  relations  of 
these  effects,  and  in  this  the  fundamental  certainly  pla)~s 
the  chief  part. 
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ASSOCIATE    MEMBKRSHIF   EXA.MI\ATIO\ 

An  examination  will  be  held  on  Friday  and  Saturday, 
the  3olh  April  aiid  ist  May,  at  the  Kxainination  Hall  of  the 
Ro>-al  College  of  Physicians  and  Surgeons,  Queen-square, 
Bloomsbury,  W.C.  Should  a  sufficient  number  of  candi- 
dates make  application,  arrangements  will  be  made  for  the 
examination  to  be  held  concurrently  in  local  centres. 

Entry  Forms,  which  must  be  returned  not  later  than 
the  1st  March,  may  be  obtained  together  with  the  Exami- 
nation Kegulation>  on  applicition  to  the  Secretary  of  the 
Institution. 
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Dwioiir,  H.  B.     Transmission  line  formulas  for  electrical 
engineers,  etc.  8vo.      143  pp.     London,  11)13 
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With  .  .  .   The  general  problem  of  industrial    \. 
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HEATING   OF   BURIED   CABLES. 


HEATING   OF    BURIED    CABLES. 


Introductory. 

A  first  report  was  publislied  last  year  in  the  journal*- 
on  the  investigation  now  being  conducted  by  the  National 
Physical  Laboratory  under  the  auspices  of  the  Research 
Committee  of  the  Institution.  The  following  additional 
information  in  regard  to  the  work  done  during  1914  has 
since  been  supplied  by  the  Laboratory.  It  is  regretted, 
however,  that  the  absence  on  military  service  of  certain 
members  of  the  Laboratory  staff  has  affected  to  some 
extent  the  programme  of  work  which  had  been  proposed, 
but  the  greater  part  of  the  tests  arranged  for  this  winter 
have  been  or  will  be  carried  through.  Offers  to  lend 
some  of  the  cable  necessary  for  the  Laboratorj'  tests  have 
been  made  to  the  Committee,  who  desire  to  record  their 
appreciation. 

FURTHER   REPORT   OF   THE    NATIONAL 

PHYSICAL    LABORATORY. 

Tests  with  Special  Loads. 

At  Bristol  a  series  of  tests  extending  over  a  period  of 
rather  more  than  three  weeks  was  carried  out  on  a  number 
of  cables,  laid  direct  in  the  ground,  of  sizes  ranging  from 
o'o5  sq.  in.  to  0'3  sq.  in. 

The  suggested  method  of  measuring  the  resistance  of 
the  conductor  by  a  bridge  method,  superimposing  on  the 
alternating  current  a  small  continuous  current  was  used 
and  found  to  be,  for  this  case  at  any  rate,  quite  satisfactory. 
The  accuracy  of  the  measurement  of  the  resistance  of  the 
conductor,  with  the  portable  apparatus  used,  was  of  the 
order  of  ci  per  cent.  The  current,  however,  could  not  be 
kept  constant  to  nearer  than  +  i  per  cent,  and  these 
variations  naturally  limit  the  final  accuracy  of  the  tests. 

*  Heating  of  buried  cables.     Journal  I.E.E.,  vol.  52,  p   779,  1914. 


Determinations  were  also  made  of  the  amount  of  the 
moisture  in  the  soil  at  the  actual  depth  at  which  the  cables 
were  laid  and  of  the  temperature  of  the  soil.  It  was  also 
arranged  vi'ith  the  mains  superintendent  for  further  deter- 
minations to  be  made  by  his  staff  of  the  amount  of  moisture 
in  the  soil  from  time  to  time  as  they  opened  up  ground  in 
various  parts  of  the  town. 

At  Wolverhampton  tests  were  made  on  o'5  and  075  sq. 
in.  cables,  one  laid  in  a  duct  and  the  other  solid  in 
bitumen. 

The  supply  was  continuous  current,  and  the  accuracy  of 
the  tests  was  dependent  only  on  the  variations  of  the  load. 

Tests  under  Normal  Conditions  of  Load. 
At  St.  Marylebone  tests  have  been  made  with  a  2  sq.  in. 
cable  carrying  up  to  2,400  amperes  for  about  14  hours  a 
day. 

Temperature  Recorder. 

It  has  been  possible  by  slight  modification  of  the 
Callendar  recorder  to  make  it  suitable  for  the  purpose 
of  obtaining  records  of  the  temperature  of  cables  under 
normal  conditions  of  loading.  This  instrument  has  there- 
fore been  purchased,  and  is  now  in  use. 

Arrangements  were  made  to  install  the  recorder  and  to 
make  a  number  of  tests,  during  December,  at  St.  Maryle- 
bone with  a  number  of  i  sq.  in.  cables  in  a  20-way  duct, 
and  during  January  at  Wolverhampton  with  cables  laid 
solid  and  drawn  into  4-  or  6-way  ducts. 

The  thanks  of  the  Committee  are  due  to  the  authorities 
at  Bristol,  St.  Marylebone,  and  Wolverhampton,  who  took 
great  interest  and  did  everything  possible  to  forward  the 
work,  both  by  giving  assistance  and  by  making  arrange- 
ments for  the  various  tests. 
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STRFNGTH    «m 


By  HrolevMjr  E.  W.  Makchant,  U.Sc',,  Member. 

^fmftr  i»fw>»rf  ay  SefUmhrr.  iqu  :  '""i  htlnte  Thk  iNKTireriux  11  Fehtntin,  Mon  Uu  llAKCHEvrtH  Lxical  Sbltiuk 
V  f<hiuat\,  ,nnl  hffi'if  tht  YoHKtiHiKi'   UiCAL  SkctioN  io  b'tbrmtry,  iv'S*) 


Intkoductiuk. 

e  m  ihc    ■  iJs 

II  i4  station  .1  11  to 

cvcrv  wireless  operator.  As  long  ago  as  1903  Marconi 
drew  attention  to  the  reiiutflcable  difference  in  the  strength 
of  signals  received  by  day  and  by  night,  and  his  observa- 
tions have  been  repeated  and  recorded  by  many  other 
observers,  recentiv  bv  Taylor  *  and  Austin,  -t 

been  covered  at   night   by 
li  wer    plants  ;    (or    example, 

the  Mgiuls  liuiii  a  biMi  viuliiig  from  Gibmltar  to  Port 
Said  with  a  standard  1*5  kw.  set  were  received  at  Liver- 
pool with  great  clearness  on  Sunday  evening,  14  June, 
!<M4,  i-t.  at  a  distance  of  over   l.xio  miles. 

The  complete  explanation  of  freak  signals  such  as  this 
IS  a  matter  that  requires  further  investigation.  Theories 
involving  the  rcHcction  and  refraction  of  the  electro- 
magnetic \'  ive  been  developed  by  Hcaviside. 
Kcclc»  *  Ki  !■  r'ikint-Murray.  and  others,  but  it  is 
\  <  un  opinion  as  to  their  validity 
u  .mental  data.  Although  many 
records  have  been  taken,  very  few  of  these  give  actual 
measurements  of  sigiuU  strength,  and  it  was  with  the 
view  of  securing  such  information  that  the  following 
II.                   :is   Were   undertaken. 

\tc  Is  con6ncd  to  (i)  observations  of  the  effects 

^   of    all    kinds  on    the    strength 

arposc  a  series  of   obscrvalioiis. 

-J  made  ;  (1)  variations  noticeable 

^      of  the  signals  ;  ^3)  obiservations 

•  A   H   Tatlxik.     WTirctM*  ud  wtallKr.     EUttmal  »'erU.  «oi.  6J. 

'  Ike  U'aikimgUm  .t,4nltmr  .•/  Vira>ci,  vuL  5,  p.  iiO,  19IJ. 
^LLs     Oo  ccrtaui  pticooiucBa  aocumpuiyioi;  the  prupa- 

u-ara*  a*«r  the  maimer  of  Ibc  globe.     £i«(rKMa, 

:  J 

iJio  uteciAphy     /Viv 
s^  J*  WJ- 

,    )       ■  AtmoephefT  in  wudca* 
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on   tluciuation>    111    the    strcngib   of    signals  during   the 
night. 
The  stations  between  which  most  measurcmenu  have 

l>cen  made    arc    Livei  , 
almost    north-west     a: 
recorded   in   cuiincoli 
destroyed )  erccic<1  '.v. 
bulk  of  the  . 
with  Ihc  Km 


'    ■■       ■     which  I.  '    I'ly 

Some  .1  e 

■ly 

1  ;»e 

lias   bieen  done  in  ooniMrclton 


I'KtVluL'S   Wutlk. 

Special  mention  may  be  made  of  the  results  published 
by  H.  Musler  in  August,  1^13.*  These  experiments  arc 
very  similar  to    tho-.c  de>>.  made 

between  \orddeich  .iiid  a  .   ckf   it. 

the  irai!  (s 

of  the  I  ;h. 

txith   by  day   and   night,  auvi   r.  at   inc    day 

strength  apj^ared  to  be  very  ii  .        :  ..  it  was 

not  affected  by  the  altitude  of  the  sun.     The  ra'  <ru 

night    strength    and    day    strength    varied    >.  y, 

being  greatest  in  the  spnng  and  autumn  and  ig 

June,  when  the  1..'  iily  104.     TIk 

was   315   on    13  ',   the   other  ..^ 

j'2  111  .April. 

.\ti   iii^rrr^Iiiig   record   is   also  given  in  this  paper  o4 
.^nal    strength    which   occurs    at    night. 


On 


!•    W'vember. 
:n  too 

.(.111.  ^  ii.  ii  wefc 
(or    the   same 


a    a   tew    iiimjic- 

1913,  such  a  record  was  i 
up  to  xio  and   down   to  ^:  ... 
observed  on  the   recording   ga. 
strength  of  -        .' 

Another   i  ubject   is  A.  H 

Taylor,  who  k**  Ucsci  it>c<l  i  ultxi  vaUuus  made  bciwcei 

*  It    UostCK      laletttaf  iwiiii^iii  radMMclccrapl  '  ra 

tu  vmdiicdraca  Jahrae-  ami  Tac>e**<>c«.     IMtlf  tnkm  1 

>^    J4.P.  VJO.  '91 J 

«  Uf.al. 


330 


MARCHANT:    COiNDlTlUNS   AFFECTING    THE    VARIATIONS 


the  University  of  \oith  Dakota  and  stations  on  the  east 
coast  of  America,  1,200  miles  distant.  He  came  to  the 
conclusion  that  tlie  best  condition  for  signalling  was 
when  the  intervening  space  was  cloudy.  Signals  were 
not  so  strong  on  a  clear  day,  or  in  bright  sunsliine. 

Some  further  observations  have  recently  been  pub- 
lished *  by  him  on  the  relation  between  good  trans- 
mission and  weather  conditions.  The  main  result  confirms 
his  previous  observations,  that  the  most  favourable 
condition  for  signalling  over  land  is  cloudy  sky.  The 
same  conclusion  was  suggested  by  the  author  in  a  paper 
read  before  the  British  Association]  Taylor  shows  that 
this  result  cannot  be  explained  by  the  reduced  ground 
absorption  after  heavy  rainfall,  but  must  be  due  to  varia- 
tions in  the  absorptive  capacity  of  the  intervening  medium. 
He  suggests  that  the  radiation  received  from  a  trans- 
mitting station  may  be  divided  into  three  parts  : — 

(i)  The  portion  reflected  from  the  cloud  level,  i.e.  the 
part  which  is  propagated  between  two  parallel 
surfaces  formed  by  the  earth  and  by  the  clouds. 

(2)  The  portion  entering  the  "  middle,"  ionized  region 

and  refracted  (this  portion  is  more  absorbed  by 
day  than  by  night). 

(3)  The  portion  passing  through  the  middle  region  and 

reflected  on  the  upper  permanently  ionized 
layer  of  atmosphere  (this  portion  is  almost 
entirely  absent  in  daylight,  but  would  become 
powerful  at  night). 

The  large  variation  at  night  may  be  due  to  changes  in 
the  amount  of  energy  reflected  from  the  upper  ionized 
layer.  The  chief  interest  in  Taylor's  paper  lies  in  his 
suggestion  that  there  is  a  distinct  difference  between 
the  medium  below  and  above  the  cloud-level. 

Some  ver)'  interesting  results  have  been  published  by 
Lutze,|  who  has  made  experiments  with  balloons,  making 
double  flights,  one  at  a  low  altitude  and  the  other  at  a 
much  higher  one.  He  investigated  the  variation  in  signal 
strength  on  these  two  balloons,  using  similar  aerials  on 
them  and  employing  a  shunted  telephone  method  of 
estimating  it.  For  these  experiments  a  special  set  of 
signals  was  sent  out  from  the  Eiffel  Tower  station  at 
quarter-hour  intervals.  He  found  that  the  signal  strength 
did  not  appear  to  change  very  much  until  an  altitude  of 
1,000  to  1,500  metres  was  attained,  but  that  at  altitudes  of 
5.000  metres  and  over,  it  fell  to  less  than  10  per  cent  of  the 
value  that  was  observed  at  the  lower  levels.  The  transition 
from  strong  to  weak  signals  with  changing  altitude  seems 
to  be  comparatively  sudden  and  to  take  place  at  a  height 
of  between  about  2,500  and  3,500  metres. 

In  one  flight  in  which  the  records  have  been  particularly 
complete,  he  shows  that  at  the  lower  and  higher  levels  the 
moisture  in  the  atmosphere  was  considerable,  that  the 
air  currents  at  the  lower  level  were  from  the  south,  and 
that  at  the  higher  level  they  were  from  the  west.  Both 
these  currents  appear  to  have  been  saturated  with  moisture. 

*  A.  H.  Taylor.  Radiotransmission  and  weather.  Physical 
Rez'iew,  vol.  3,  series  2,  p.  346,  IQ14. 

f  E.  W.  M.iRCHANT.  Effect  of  atmospheric  conditions  on  the 
strength  of  signals  received  at  Liverpool  from  Paris  and  some  other 
places,  together  with  an  account  of  the  diurnal  variation  in  the  energy 
received.     British  Association  Report,  1914,  p.  607. 

J  Abhandluiigeii  der  Satiini'issenschaftliclier  lieseHschaft  ~u  Halle, 
vol.    I.    1914. 


Between  the  two  levels,  however,  there  was  a  compara- 
tively dry  layer  of  air  and  the  signal  strength  weakened 
after  the  balloon  passed  through  this  laj'er  on  its  upward 
(light . 

It  is  diflicult  to  say  whether  there  is  any  relation  between 
the  presence  of  this  air  layer  and  the  signal-strength 
variation,  but  the  results  that  Lutze  has  obtained  would 
seem  to  be  of  great  value  in  their  bearing  on  the  theory  of 
transmission.  They  seem  to  provide  clear  evidence  that 
there  is,  on  a  much  lower  level  than  has  previously  been 
suggested,  a  mass  of  ionized  air  which  absorbs  a  consider- 
able amount  of  the  energy  of  the  transmitted  electro- 
magnetic waves. 

Marconi  has  described  the  changes  which  take  place  in 
the  strength  of  signals  transmitted  across  the  Atlantic  ;  the 
curve  showing  the  remarkable  strengthening  of  the  signal 
about  an  hour  after  sunset  at  Glace  Bay  and  about  an  hour 
before  sunrise  at  Clifden  is  well  known,  and  Dr.  Eccles 
has  based  his  theories  very  largely  on  these  results.* 

L.  W.  Austin, I  in  some  experiments  made  to  compare 
the  efficiency  of  arc  and  spark  transmission,  states  that  the 
signals  are  weakest  during  July  and  August.  These  tests 
were  made,  however,  with  wave-lengths  of  from  3,500  to 
7,000  metres  and  between  places  1,780  miles  apart. 

Howe  \  has  shown  that  the  current  received  by  an 
antenna  at  a  great  distance  from  the  transmitter,  on  the 
assumption  of  a  perfectly  conducting  earth  and  a  non- 
ionized  atmosphere,  is  much  smaller  than  that  actually 
found  by  experiment,  thus  strongly  supporting  the  theory 
of  reflection  or  refraction  due  to  ionization  of  the  upper 
atmosphere. 

Kennelly,§  in  discussing  the  observed  changes  of  the 
intensity  of  signals  near  sunset  and  sunrise,  arrives  at  the 
conclusion  that  they  may  be  explained  by  reflecting  effects 
on  the  boundary  surface  or  shadow  wall  between  darkness 
(air  of  small  conductivity)  and  illumination  (air  of  marked 
conductivity). 

.According  to  his  theory  there  should  be  a  dip  in  the 
curve  of  signal  strength  at  sunset  between  two  places 
lying  north-west  and  south-east  of  each  other,  at  the 
summer  solstice,  i.e.  when  the  shadow  band  crosses  the 
line  between  the  two  places.  The  curve  given  in  Fig.  4 
shows  no  appreciable  dip  in  the  records  obtained  in  July, 
whereas  there  does  seem  some  slight  evidence  of  diminu- 
tion in  strength  when  the  shadow  band  lies  between  the 
two  places  on  27  March  and  11  October  (Fig.  5). 

K.  E.  F.  Schmidt  has  obtained  positive  results  of  the 
increase  in  signal  strength  at  night  (over  a  distance  of 
8  km.)  of  the  order  of  30  per  cent  in  December.  In 
some  experiments  made  between  Norddeich  and  Halle, 
400  km.  apart,  the  ratio  of  intensity  between  night  and 
day  in  October  iqii  was  i"47  measured  on  a  barretter. 
The  corresponding  figures  found  with  a  shunted  telephone 
are  interesting  from  the  point  of  view  of  the  accuracy 
of  this  method  of  observation.  He  finds  the  ratio  varies 
from  o'56  to  2^37  by  shunted  telephone,  whereas  the 
corresponding  variation  with  the  barretter  is  from  i'^  to 
r47.     This  result  is  entirely    borne   out    by  the    author's 

*  G.  Marcoxi.  Transatlantic  wireless  telegraphy.  Proceedings  0/ the 
Royal  Institution,  vol.  lo,  p.  107,  IQOB. 

f  Journal  of  the  Washington  .'Icademy  of  Sciences,  vol.  3,  p.  517,  IQ13. 

\  G.  W.  O.  Howe.  The  transmission  of  electromagnetic  waves 
through  and  around  the  earth.     Electrician,  vol.  72,  p.  484,  1913. 
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It  is  difficult  to  measure  the  earth  resistance  of  the 
antenna  circuit,  but  the  determination  of  the  decrement 
of  the  signals  received  enables  the  constancy  of  the  resist- 
ance of  the  earth  to  be  determined  to  any  required  degree 
of  accuracy.*  It  was  found  that  the  decrement  did  not 
vary  very  much  from  day  to  day,  and  in  making  calcula- 
tions of  received  energy,  the  earth  resistance  has  been 
assumed  constant. 

Measurement  of  Current  in  the  Crystal  Circuit. 

The  current  received  by  the  antenna  was  estimated  from 
the  current  flowing  through  the  crystal  circuit,  as  explained 
above.  As  far  as  variations  are  concerned,  it  was  sufficient 
to  note  the  changes  in  the  galvanometer  currents,  due  to 
the  received  signals.  The  crystal  combination  used  in 
nearly  all  the  tests  was  the  one  known  as  perikon,  with 
crystals  of  zincite  and  chalcopyrite. 


in  the  circuit  depends  on  a  thermo-electromotive  force 
induced  by  the  heating  effect  of  the  oscillating  current. ij 

It  has  been  shown  by  Eccles  and  others  that  the  law 
of  variation  of  current  in  the  crystal  circuit  with  variation 
in  current  in  the  oscillating  circuit  varies  with  the  magni- 
tude of  the  oscillating  current,  and  that  the  action  of  the 
crystal  approximates  more  closely  to  a  pure  valve  action 
for  large  currents. 

With  the  currents  used  in  these  experiments  (the 
maximum  value  usually  not  exceeding  2  micro-amperes) 
the  square  law  is  accurately  true.  Other  crystals  that 
have  been  tried  are  combinations  of  zincite  and  galena, 
brass  wire  and  silicon,  and  iron  wire  and  silicon. 

With  a  particularly  sensitive  silicon  crystal  it  was  found 
that  the  iron-wire-silicon  combination  was  almost  as 
sensitive  as  the  perikon,  but  this  combination  was  not 
as   reliable   as   the  perikon,  i.e.  the   sensitiveness  of   the 
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In  order  to  simplify  the  work  as  much  as  possible,  the 
secondary  circuit  was  calibrated  on  the  same  wave-length 
as  that  of  the  received  signal.  This  not  only  surmounts 
the  difficulty  that  the  sensitiveness  of  the  crystal  may 
depend  upon  the  frequency  of  the  currents  passing 
through  it,  but,  as  is  shown  in  the  appendix,  it  enables  the 
antenna  current  to  be  determined  directly  in  terms  of  the 
current  in  the  buzzer  circuit  by  using  a  constant  multiplier. 

As  has  been  shown  by  the  author  f  and  many  others,  the 
current  flowing  in  the  crystal  circuit  connected  to  any 
oscillating  system  is  proportional  to  the  square  of  the 
oscillating  current.  This  result  has  been  checked  in  con- 
nection with  all  the  crystals  used  in  the  experiments. 

It  may  be  interesting  to  note  that  this  result  appears  to 
show  that  the  action  of  these  crystals  is  not  a  valve  action, 
but  one  in  which  tlie  magnitude  of  the  current  flowing 

*  Assuming  that  the  decrement  ot  the  wave  train  emitted  is  constant, 
f  E.  W.  Marchan'T.     The  measurement  of  the  strength  of  wireless 
signals.     Year  Book  0/  Wireless  7'elegraphy,  p.  513,  1914. 


crystal  was  more  liable  to  be  upset  by  atmospheric 
discharges  and,  for  this  reason,  the  perikon  has  been 
preferred  in  all  these  tests. 

In  series  with  the  crystal  was  placed  a  high-resistance 
(8,000  ohms)  telephone  receiver,  an  ordinary  Broca 
galvanometer  with  a  period  of  about  9  seconds,  and  an 
Einthoven  galvanometer  with  a  silvered  quartz  fibre 
having  a'natural  period  of  about  1/20  second  when  working 
at  normal  sensibility.  It  might  have  been  expected  that 
for  long  dashes  the  Broca  galvanometer  would  have 
proved  satisfactory  and  sensitive  enough  for  the  purpose. 
The  actual  deflection  of  the  instrument  for  a  given  current 
in  the  circuit  is  greater  than  that  of  the  Einthoven,  the 
normal  sensitiveness  of  the  instrument  being  400  mm.  per 
micro-ampere,  but  in  practice  it  was  found  that  extraneous 
causes  made  it  almost  impossible  to  use  the  Broca  galvano- 
meter for  purposes  of  measurement.  The  greatest  diffi- 
culty was  met  with  in  connection  with  the  atmospheric 
discharges  which  at  certain  times  of  the  year  are  liable 
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work  ha!>  been  confined  almost  entirely  to  tlic  «'ave-leiigth» 
u:>cd  by  the  BrusseU,  Paris,  and  Clifden  stations.  The 
Einthovcn  galvanometer  in  most  catscs  «-as  not  used  in  the 
wav  ill  which  it  i  kinploycd,  as  it  was  found  that 

a   lcs>->ciisitivc   a:  ■.    was   ijuite    effective  for   the 

curu  ;;;-    which  c    mtasurcd.     L'lidcr    normal 

cuinliuons   the    ii.  .  ii    of    the    image   of    the  tibrc 

was  reduced  by  oiiiitung  the  microscope  cyc-picce,  and 
the  image  of  the  hbre  was  therefore  much  thinner  thau 
would  otherwise  have  been  the  case  (sec  Kig.  j).  For 
weak  signals  the  greater  inagiiitication  was  used,  Fig.  3. 
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ttiermo-aiuineler,  and  Ihe  corresponding  current  in  Ihe 
galvanometer  circuit  obser\-ed.  The  calibration  was 
usually  made  by  means  of  the  Broca  galvanometer,  smoc 


the  at.«.aiacy 

Kinthoven   i  ^ 
case  so  as  to  provide  a 
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ver.  il*o   made  m   racit 
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the  Broca  and  Einthoven  instruments  being  maintained  as 
nearly  constant  as  possible. 

The  buzzer  used  in  most  of  the  tests  was  the  double 
contact  breaker  supplied  with  the  Lorenz  wave-meter. 
It  will  be  noted  that  the  current  in  the  buzzer  circuit  was 
not  measured  by  a  direct-reading  instrument  inserted  in 
it.  It  was  found  much  more  satisfactory  to  couple  the 
Duddell  thermo-ammeter  by  means  of  a  secondary  coil 
wound  on  a  fixed  frame  and  arranged  so  that  the  coil  of 
the  wave-meter  was  concentric  with  it.  This  coil  was 
connected  through  a  non-inductive  resistance  to  the 
Duddell  thermo-ammeter.  By  this  arrangement  it  was 
possible  to  use  a  small  current  thermo-ammeter  and  to 
adjust  the  sensitiveness  of  the  instrument  by  varying  the 
resistance  in  the  circuit.  The  current  flowing  in  the 
secondary  coil  could  be  reduced  to  such  proportions  that 
there  was  no  appreciable  change  in  the  current  flowing 
in  the  wave-meter  circuit  when  the  secondary  circuit  was 
closed.  This  arrangement  had  also  the  advantage  of 
making  no  appreciable  change  in  the  natural  period  of 
the  wave-meter  circuit.  If  the  instrument  were  placed 
directly  in  the  wave-meter  circuit  the  inductance  of  the 
leads  made  a  considerable  alteration  in  the  natural  period 
of  the  wave-meter. 

The  accuracy  of  the  measurements  of  signal  strength  is 
not  closer  than  ±5  per  cent,  and  too  much  attention  should 
not  be  given  to  small  variations  or  irregularities  in  the 
curves. 

Observations  on  Signal  Strength. 

Sunset  effect. — One  of  the  earliest  observations  in  con- 
nection with  wireless  telegraphy  was  that  it  was  possible 
to  transmit  over  much  longer  distances  by  night  than  by 
day,  and  it  has  been  a  matter  of  discussion  ever  since  as 
to  what  is  the  cause  of  that  variation.  Several  observations 
have  been  made  at  the  time  of  sunset,  and  the  results  are 
recorded  in  Figs.  4,  5,  6,  12,  13,  and  14.     The  first  point 
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Fig.  4. — Paris  Sunset  Test,  26  July,  1913.     Paris  Antenna 
Current,  43-45  amperes.     Weather  clear. 

which  deserves  notice  (which  was  mentioned  by  the  author 
in  a  preliminary  account  of  these  tests  at  Birmingham)  is 
that  the  increase  in  strength  of  the  signal  does  not  occur 
at  the  time  of  sunset  but  some  time  afterwards.  This  is 
what  might  have  been  expected  if  the  state  of  ionization  of 
the  atmosphere  is  the  controlling  factor  in  determining  the 
signal  strength.  The  increase  in  signal  strength  occurs  at 
almost  the  same  time  as  daylight  ceases,  i.e.  at  the  same 
time  as  the  number  of  ions  per  cubic  cm.  in  the  atmosphere 
would  rapidly  diminish. 


Observations  in  America  appear  to  show  that  with  places 
lying  due  east  and  west  of  each  other  there  was  weakening* 
in  the  strength  of  the  signals  while  the  dark-light  band  lay 
between  the  two  places.  This  effect  is  of  course  well 
known  in  connection  with  the  transatlantic  transmission. 
It  will  be  noticed  from  the  curves  that  there  is  little 
evidence  of  such  an  effect  occurring  between  Liverpool 
and  Paris.  If  this  effect  occurs  it  is,  comparatively,  very 
slight.     It  would  seem,  therefore,  that  the  "fog"  in  the 
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Fig.  5.— Paris  Sunset  Test,  11  October. 
Paris  Antenna  Current,  43-45  amperes. 


space  covered  by  the  dark-light  band  is  not  a  very  dense 
one. 

The  curves  show,  however,  that  the  sunset  efifect  varies 
with  the  weather  conditions  at  the  time  of  sunset.  On 
26  July  (Fig.  4)  and  27  October  (Fig.  6)  the  sky  was  clear 
and  the  effect  was  what  may  be  called  of  the  "  normal " 
type,  i.e.  there  was  an  increase  in  strength  commencing 
from  f  hour  to  i  hour  after  sunset.  On  these  days, 
however,  the  antenna  current  measured  before  sunset 
was  only  40  micro-amperes.  On  27  October  the  rise  in 
strength  was  perceptible  at  5.35  p.m.,  the  time  of  sunset 
being  4.38  p.m. ;  on  this  day  sunset  occurs  at  the  same 
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Fig.  6. — Paris  Sunset  Test,  27  October. 
Paris  Antenna  Current,  43-45  amperes. 

time  in  Liverpool  and  Paris.  In  December  1913  and 
January  1914,  for  which  the  curves  of  received  antenna 
current  at  10.45  ^•'"'  ^"'^  S  P-"^-  have  been  plotted  in 
Figs.  8  and  9,  it  is  noticeable  that  there  is  no  evidence  of 
a  sunset  effect,  the  signal  strength  at  10.45  ^•™-  being  the 
same  as  that  at  5  p.m.  on  the  shortest  day,  when  the  time 
of  sunset  here  is  3.49  p.m.,  and  the  5  p.m.  signal  is, 
therefore,  over  one  hour  after  the  time  of  sunset. 

*  A.  E.  Ken'NELLY.     Proceedings  oj  llie  Iinlitule  of  Radio  Engineers^ 
loc.  cit. 
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Kiti.  7. — Special  Signals  emitted  from  Paris.     Coaiparisuii  bclwceii  Variation  in  Signal  Stieiigth 

at  Sunset  at  \anc>-  and  Liverpool. 


tests  have  also  shown,  the  variations  during  a  single  night 
may  be  very  large,  and  the  difference  in  the  ratio  from  day 
to  day  in  any  given  month  may  also  be  very  large.  It 
Is  interesting  to  notice  that  the  greatest  ratio  observed 
between  night  and  day  strength  occurred  in  July  1913. 
rhe  ratio  on  16  July  was  |-8,  while  on  22  July  it  was  3-4. 

A  possible  explanation  of  the  observed  phenomena  may 

he  as  follows  :  When  the  atmospheric  conditions  are  bad 

ind  rain  has  fallen,  the  transmission  is  good  and  the  effect 

i    the   removal   of    sunlight,  which   is  one   of    the  chief 

i-au^i-.   ui  1    in   the   atmosphere,  produces   little 

irtr.-t      I  ilections  .iiul  refractions  from  masses 

c    upper   regions   of   the  atmosphere. 

..  :iar  increases   in  the   received  antenna 

current,  such  as  are  observed  in  the  all-night  tests  referred 

to  later  on    »'■    <<r.'!ninent,  because  of  the  transparency  of 

the  lower  .1  :  e  to  the  waves.    On  the  other  hand, 

when  the  o.n  i~  i-icir  the  received  antenna  current  is  less 

^irwii^  during  the  day.  and   when  darkness  falls  there  is  .1 

iials,  owing  to  the 
;  to  the  waves  as  it 
bccuuics  dc-iuiiuctl  ailci  daylight  has  ceased.     I'he  reflec- 
•  /.^.  .If. 


reflection  and  refraction  at  the  shadow  band.     The  theory 
of   cloud    reflection,   how<  .  v   be   applied    to 

explain  the  difference  111  l  .cd  at   these  two 

places. 

If  the  atmospheric  conditions  between  Paris  and  Nancy 
were  good,  t.<.  if  the  sky  were  cloudy  and  rain  had  fallen 
the  signal  strength  would  be  good  and  no  increase  would 
be  observed  at  sunset.  If  conditions  between  Pahs  and 
Liverpool  were  bad  (from  the  s: J     "  "    f  view)  with 

a   clear  skv.  the  fall  of  darkni  nse   to  the 

111 

.  .  Mosler  on  the  variation  in  the  ratxi 
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of  night  to  day  strciigtli  with  time  of  vear  arc  of  great 
interest,  but  it  does  not  seem  possible  to  get  a  definite 
ratio  between  night  and  day  strength  which  will  hold 
for  any  day  in  any  given  month.  The  variations  between 
one  day  and  another  in  the  same  month  are  very  great  as 
is  shown  by  the  curves  for  ii  October  and  26  October. 
It  is  to  be  hoped  that  it  may  be  possible  to  examine  the 
sunset    effect    much    more    completely    than    has     been 


interesting  to  notice  tliat  signals  received  at  5  p.m.  do  not 
show  any  increase  above  those  at  10.40  a.m.  on  the 
shortest  day  of  the  year,  and  throughout  the  months  of 
December  and  January.  There  is,  in  fact,  throughout  the 
year  very  little  difference  between  the  morning  and 
evening  signals,  certainly  none  greater  than  that  due  to 
more  or  less  irregular  variations  in  the  morning  signals. 
Mosler  found   Ihat   there   was  a  maximum  ratio  of  night 
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Fig.  8. — Curve  showing  Variation  in  Antenna  Current  received  for  10.45  ^-'ti.  and  5  p.m.  Signals 

from  Paris  during  December  1913. 
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possible  up  to  the  present.  This  could  be  easily  done 
if  a  series  of  long  dashes  were  sent  out  from  some 
powerful  station  at  the  time  of  sunset  for  every  day  in 
the  year,  and  arrangements  made  to  measure  the  strength 
of  the  signals  received,  in  as  many  different  observing 
stations  as  possible  and  under  all  kinds  of  atmospheric 
conditions. 

Comparison    between    morning   and    evening   signals In 

connection  with  observations  at  10.45  ^■^-  ^fd  5  P-ii. 
which    have    been    plotted   in    Figs.   8,   9,   and    10,   it   is 


and  day  strength  in  November  and  April,  not  in 
December  as  might  perhaps  have  been  expected,  the 
ratio  in  December  being  179  against  3- 15  in  November 
and  2-2  in  April.  Hosier's  results  may  be  taken  as  giving 
some  evidence  that  the  maximum  night  strength  condition 
tends  to  occur  either  earlier  or  later  in  January  than  it 
does  in  November  or  April.  In  view,  however,  of  the 
fact  that  the  variation  during  the  night  is  so  great,  it  is 
very  difficult  to  base  theories  on  Mosler's  results.  It  was 
found  in  these  tests,  for  example,,  that  on    23   February 
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being  an  actual  diminution  in  the  strength  of  the  night 
signal  as  compared  witli  tlie  day.  This  minimum,  liow- 
ever,  corresponds  with  heavy  rain  in  Paris  ;  it  is  possible 
that  the  minimum  may  have  been  due  to  defective  in- 
sulation of  the  Paris  aerial.  This  is  not  likely,  for  the 
reasons  just  given.  At  midnight,  for  example,  the  antenna 
current  used  for  the  three  long  dashes  sent  out,  was  44, 
45,  45  amperes.     The  sending  antenna  current  when  the 


day  strength  (about  3  micro-amperes)  just  after  sunrise  at 
4.33  a.m.  In  this  case  also  there  was  heavy  rain  just 
before  lo  p.m.,  and  this  would  correspond  with  the  same 
atmospheric  condition  as  occurred  during  tlie  Paris  all- 
night  test. 

It  would  seem  from  these  results,  therefore,  that  one  of 
the  causes  of  change  in  signal  strength  at  night  is  rain. 
After   the   fall    of   rain    the    atmosplierc    becomes    more 
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Fig.  12. — 26  March,  1914.    6  p.m. — 27  March.    6  a.m.    12-hour  Test. 
Paris  Antenna  Current,  43-45  amperes. 
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Fig.  13.— 4  May,  1914.     Brussels  24-hour  Test. 
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Fig.  14. — Paris.     S  June,  1914.      Midnight  to  6  p.m.     Paris  Antenna  Current,  43-45  amperes. 


sky  was  clear,  say  at  7.20  p.m.,  was  44,  45,  44  amperes. 
Two  hours  after  the  rain  had  ceased,  the  antenna  current 
received  rose  from  52  to  68  micro-amperes.  The  same 
thing  occurred  in  an  all-night  test  which  was  made  in 
connection  with  the  Goldschmidt  stations  at  Brussels.  In 
that  case  the  antenna  current  received  at  10.35  P-i"- 
snddenly  increased  to  5-5  micro-amperes,  about  twice 
what  it  had  been  at  8.30  p.m.,  at  10.45  P-m-  it  had  fallen, 
and  then  diminished  still  further,  until  at  midnight  and 
2.30  a.m.  it  was  only  3^9  micro-amperes,  falling  to  normal 


transparent  for  the  electric  waves  and  allows  the  reflec- 
tions already  referred  to,  which  cause  an  increase  in  the 
strength  of  signals,  to  become  more  marked  ;  that  this  is 
possible  is  evident  from  the  fact  that  a  fall  of  rain  must 
tend  to  de-ionize  the  air  and  carry  down  the  charged 
nuclei  on  which  rain-drops  form,  and  which  make  the  air 
conducting  and  therefore  absorbent. 

It  is  interesting  to  notice  that  in  the  plates  giving  records 
of  the  signals  taken  during  the  all-night  run  from  Paris 
there  is  a  very  considerable  variation  in  the  strength  of  the 
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•  .iii> 

ihc 
acttuU  \-anaiioii  in  ihc  rnrjciivc  index  ot  t:  >crc 

AS  one   riac»   troni  the  earth  is  o(  such  a  c!  l^  to 

produce  Ihc  necc^sonk-  bending  of  the  w%vei.  Ai  the  sanic 
lime  it  must  be  borne  in  iiiind  that  there  are  no  direct 
cxperiinenlal  data  which  enable  us  lo  Male  with  any 
certainty  what  n  the  refractive  index  of  the  upper  region 
of  the  atmosphere  for  lonj;  waves. 

^  . — The   day    strength   of    the  signals 

\  .jtively  narrow  limits,  but  the  average 

«irei>gth  oi  Ihc  Mgnuls  during  June  and  July  is  noticeably 
less  than  that  during  December  and  January.  This  is  not 
in  accordance  with  the  results  obtained  by  Mosier,  and  il 
is  possible  ibat  the  difference  in  the  figures  may  be  due  to 
the  fact  that  the  transmission  in  this  case  is  partly 
over  sea. 

The  variations  in  strength  of  signal  from  day  to  day  arc 
comparatively  slight,  but  they  are  noticeably  greater  for 
March  and  July  iFigs.  lo  and  in  than  they  are  for 
DeccmlMrr  and  January  ^Figs.  8  and  91. 

One  uuy  summarize  the  results  of  these  observations  as 
follows  : — 

1 1 1  That  between  two  stations  l>'ing  nearly  north-west 

and  south-east  of  each  other  the  strri  nals 

during  the    daytnnc    vanes  within   ^  ;  ely 

n.i  IS. 

-'     rha;  between  the  night  and  day  strength 

vanes  wiih  the  time  of  the  year,  and  also  from 
day  lo  day  in  any  given  month,  as  shown  by 
Mosier. 

',  That  on  a  fine  clear  day  the  "sunset  cflfcct "  occurs 
about  I  hour  after  Ihc  actual  tunc  of  sunset  and 
varies  wilh  the  weather  i  When  rainy 

Con<litH>n»    prevail      ihe  iiii;;    of     the 
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in  observing  signals,  to  MM.  le  Lieut. -Coioael  Fcrne  and 
Ooldschuiidl  for  their  kindneM  in  seoding  out  special 
signals  to  enable  the    luvesti^tions  of  sunset   effect  aiid 


night  variations  to  be  made,  to  Mr.  T 

who  has  taken  a  lart'c  number  of  p|j< 

or 

KV 

Carrying   out    the    work,   to    Mr.    W. 


/■'.\rr.iiK(- 


^■«*.i.a;  v\  Iff. 


1'    i"".  i'i<i 


A: 

is 
H. 
in 
h.  >l    the 

Bidston  Observatory  who  has  provided  t!  :  sunset 

and  sunrise  on  the  days  when  special  tests  were  made, 
and  to  Professor  L.  R.  Wilberforce  who  has  re^  aud 
criticized  the  paper  from  the  point  o^  xnew  of  the  pb\-siost. 

AHHENDIX    I. 
Appruxim.^tk  Method  ok  KsTm.»TtNG  Axte.ix.^  Ct'iuit.Nr 

KKOM  Cl'RKEXT    IX    UETECrOR  ClRCl'IT    FOB    LoustLY- 
COl'PLEO   KECEIVEK. 

The  current  flowing  in  Ihc  aerial  <.:  ^  ampli- 

tude of  the  received  wave*  and  on  in  the 

aerial   circuit.      If   11;  ce  is   c* ;  aerial 

current  for  a  given  ..  of  wave  1 1  c  same 

wliatevcr  arrangement  oi  circuit  is  adopted  to  lane  the 
aerial. 

If  I  be  the  antenna  current  (see  Kig.  15),  M  the  mutual- 
induction  ccr**^  -  -■••  ^vrlwcen  circuits.  ^^  :r  x  frequency, 
then  the  elcv  lorce  in  secoodorv  circuit  s=  M  «i,. 

If   the  ,    » 

weak,  ..  .  -  -I- 

ancc  of  the  »».oiMl«fy  ciicuti. 

M.I.         Ml, 
R.  C.  -  ™  K,  C* 

Since  Ihc  current  ij  through  the  detector  circuit  is  pro- 

.Ml. 
portional  to  (vollson  condenser)*.  s'''>=  '^  w  « '  •  •''*'^  ^ 

A  constant. 

*   KrucixScn  oi^Jt  ihi>  M|;c«ts.«  ■•  Ivo;  «*•  '"-I 
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If  circuit  (3)  is  excited  by  a  buzzer,  the  electromotive 
force  in  circuit  (2)  =  M'  w  it,  where  /»  is  the  current  in  the 
buzzer  circuit  and  M'  is  the  mutual  induction  coefficient 
between  circuits  (2)  and  (3). 


The  volts  on  condenser  (C.)  ^ 


M'  h 


„  ,  , ,  (the  circuits  being 

tuned),  where  C^'  is  the  condenser  capacity  for  tuned  con- 
ditions and  R,'  is  the  resistance  of  secondary  circuit  (2). 


-/       Aerial 


Ea-rCh 


p'iG.  15. 


Since,  as  before,  the   current  through  detector  circuit, 
;V,  is  proportional  to  (volts  on  condenser)'',  sJVj  ■=  K^ 


'R,'  C ' 


Hence 


therefore 


M'  R,  C, 

M  R,'  c: 


'«■ 


If  Ra  and  R,'  arc  tlie  same,  and  C^  and  Q'  are  the  same, 
i.e.  if  the  secondary  circuit  is  tested  on  the  same  wave- 
length as  that  on  which  it  is  to  be  used,  then 


=v/& 


M' 


M 


r  ti- 


Hence  the  antenna  current  can  be  found  in  terms  of  z«. 


APPENDIX   II. 

Method   ok   Estimatimg   Current   in 
Circuit. 


'  Buzzer  ' 


The  current  in  tlie  buzzer  circuit  is  measured  by  an 
inductively-coupled  circuit  connected  in  series  with  a 
thermo-ammeter  and  resistance  (see  Fig.  16). 

Let  ii  be  the  current  in  buzzer  circuit,  M„  the  mutual 
inductance  between  measuring  coil  and  buzzer  coil,  then 


the  electromotive  force  in  the  measuring  circuit  =  M„w  /«. 
Since  the  resistance  of  the  circuit  is  very  large   com- 
pared with  its   reactance,  the   current   in   the   measuring 


circuit  /, : 


R, 


-,  where  R,  is  the  total  resistance  in  the 


measuring  circuit. 
R, 


Hence  ii,-- 


M„ 


/,,  and  ii,  may  be  found  from  the  thermo- 


ammeter  reading. 


Discussion  bep'ore  The  Institution,  ii  February,  1915. 


Mr.  Duddell 


Mr.  \V.  Duddell  :  This  paper  raises  many  important 
questions  as  regards  both  the  measurement  of  wireless 
signals  and  their  propagation  through  the  atmosphere.  I 
propose  to  confine  my  remarks  to-night  to  the  problems  of 
measurement  because  I  feel  that  the  number  of  results  that 
have  accumulated  is  not  anything  like  large  enough  at 
preseiit  to  enable  us  to  form  any  real  theory  as  to  the  pro- 
pagation of  the  signals.  I  have  felt  for  some  time  that  we 
want  a  complete  and  systematic  investigation  over  a  very 
wide  area  of  a  definite  set  of  signals  sent  out  from  a  single 
station,  so  that  we  may  be  able  to  compare  the  results  in 
all  directions  and  make  comparisons  over  a  length  of  time 
in  order  to  study  the  propagation.  Some  members  may 
remember  that  an  attempt  was  made  in  Brussels  by  Mr. 
Goldschmidt  to  form  an  organization,  and  that  he  actually 
got  together  many  representative  wireless  experts  from 
different  countries  with  a  view  to  carrying  out  this  work. 
The  Institution  formed  a  committee  to  co-operate  in  this 


country.  Last  Easter  we  were  all  together  in  Brussels  as  Mr.  d 
a  friendly  group  of  workers,  starting  on  the  first  piece  of 
serious  work  that  was  contemplated,  namely  measurements  - 
in  connection  with  the  eclipse  of  the  sun.  Unfortunately 
events  have  since  occurred  which  have  prevented  any  of 
that  work  being  carried  out.  The  programme  for  making 
the  measurements  then  discussed  showed  us  how  very 
difficult  it  was  to  be  certain  that  the  conditions  in  each 
case  remained  the  same.  The  difficulty  was  to  ensure 
that  the  conditions  of  the  earth,  of  the  aerial,  and  of  all 
the  circuits  remained  constant.  One  might  think  that  the 
number  of  watts  being  received  was  changing,  whereas  it 
might  really  be  the  conditions  of  one's  own  circuits.  The 
author  has  gone  a  good  way  towards  getting  over  that 
difficulty  by  using  a  local  calibrating  circuit  in  which  he 
can  keep  the  amount  of  energy  radiated  constant  and  can 
let  it  react  through  a  fixed  mutual-induction  on  the  measur- 
ing circuit.     The  proposal  made  at   Brussels   was  to   go 
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I  The  LOiU  are  ii.. 

j   cciitimctrcs   in  length,  and  the   whole   ol    the    win 
the  whole    oi    the    coil   itself,    when    the    two    sidc> 
near    one    another,    is   about    i   millimetre   in   dijmctci . 
Such  a  coil   with  modern  nielhod>  ol  wire  luanulacturc 
may   contain    400    or    500   turns    of   well-iasulated   win-. 

II  IS  the  skill  in  iiaiidling  such  hne  wire  tliat  has  con- 
stituted one  main  feature  of  the  advance.  One  other 
tribute  Is  due  to  M.  Henri  Abraham,  who  has  shown 
u^  thai  many  ol  our  preconceived  ideas  of  getting  sliarp 

in  very  snuU  mirrors  are  rather  mistaken.     We 

.  ^  put  a  nariow  rectangular  mirror  with  its  lon|> 

side  .1  the  galvanometer  spindle,  and  by  means  of 

an  0:  in  w-ith  a  cylindrical  lens  endeavoured  to  get 

a  sill  ~|K>t  of  gocnl  detinition.     As  a  matter  of  fact, 

M.  .\  Mde  Is  horizontal  a 

niiK  .  .ind  Ihe  moment  of 

-ill.     Lsiiig  a  galvanometer  ul 
1  ins  a  sensibility  of  the  order 

of  100  to  I20  miUimelres  per  micro-ampere  with  a  pcriodic 
timc  of  i/io  liccoDd.  With  such  an  instrument  he  h:is  been 
able  to  gel  in  Arlington,  near  Washington,  deflections  due 
to  tir:  '    •  '     -   I  Tower  in  Paris,  and  he  has 

beci.  icrencc  of  longitude  between 

oc  of  accuracy.     It  is  iit 
::e  of  the  best   nights  ol 
liie  :is    ol    as    much    a^ 

j'."  11.  (^ton  from  the  Paris 

sparks.  This,  I  think,  shows  us  that  we  are  on  the  verge 
at  any  rale  of  being  able  to  get  suthcient  scnsibihty  with 
another  type  o(  instrument.  1  have  attempted  to  bmid 
iiic       ■'  'x  and  with  some  sc 

I    1..  •■■  as  perfect  as  M. 

lie  or  two  actual   tiliii> 
1  on  a  vci  y  small  aerial. 
I  le    >  :>ignals  were   shown,  taken  with  a 

<.!>'.  relay.]     In  coocIumoii   I  uaiil  to 


line,  in  the  south  ol   .V  ai 

,..^.,.  .<.  very  frequent  with  Cut. _ up* 

to  Cocos  Island  and  from  Cocos  Island  to  stiip».  a  distance 
of  J.-iiiJ  miles.  That  is,  I  think,  the  greatest  rccoid  for 
a  i^kw.  station,     .\nollier  point  tliat   I   think  is  not  gcner- 

'.'.al 
n4 
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11  at    Lett- 
eight  miles  from  Clifden,  on  the  strength  < 

out  from  Clifden.    Although  Lcttcrfrack  isok..  -.^  ..  

irom  Clifden,  we  ha\e  noticed  tlial  Ihe  yariation  la 
strength  of  signals  at  Glace  l-lay  coincides  with  the 
varuilion  in  the  strength  ol  signals  at  Letterlrack. 
!  '  '   the   cause   of   the  x-ai 

being    local    at     the 
station,     li    will,    however,    be    very    ■ 
any  definite  conclusion  as   to  what    i- 
\-arialion  until,  as  Mr.  DuddcU  sug. 
system  of  collaboration  among  all  n.^  ...i,-  ..    _ 
wirele>s  telegraphy  is  put  forward  to  record  and  measure 
1"  v-  central 

1.     I'ntil 
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11 

Ur.  W.  H.  hccLEs  :   lo  my  .  ■      ^  oiOi 

the  Einthoven  galvanometer  w  ..  ,-      -   t-    it  >  ..c     1    the 
most  useful   features  of   Ihe  paper.     He   has    shown    iu 
capabilities,    and    the    method    that   he    has   adopted   o* 
coping  with  its  variable  sensitiveness  will  be  very  useful 
»(r-ii   the   opiHKtuili'. 
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pri'i^ose   to  go  into  the   rather  voluminous  theories  that 
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t)r  Kcclcs.    across  the  North  Pacific  find  that  with  a  2  kw.  ship-station 
the  operators  can  often  transmit  2,000  miles,  and  are   ex- 
pected regularly  to  receive  from  5  kw.  land-stations  over 
at  least  2,000  miles  by  night.     It  is  not  a  matter  of  freak 
communication  ;  it  is  a  matter  of  regular  communication. 
Freak  signalling  extends  to  3,000  miles,  even  in  summer. 
I  have  myself  heard  signals  from  a  5  kw.  station  at  2,500 
miles  in  summer,  and  in  winter  the  operators  say  they  can 
get  signals  at  such  distances  as  3,500  miles.     I  was  at  one 
station  in  Samoa  last  summer  whore  they  could  hear  small 
ship  sets  off  the  coast  of  Alaska,  off  tlie  coast  of  Mexico, 
and  not  very  far  from  the  coast  of  Chili.     Those  are  very 
big  distances  over  which  to  hear  such  small  ships.    If  those 
figures  are  compared  with  the  figures  obtained  by  the  same 
plant  in  the  daytime,  namely  about  200  miles,  the  com- 
parison  is  very  striking.     That   is  a  ratio  of   10  to   i   in 
distance,  and  if    we  believe  in  an  approximate   inverse- 
square  law  we  should  say  that  at  a  fixed  laboratory,  like 
the  author's,  one  ought  to  get  a  ratio,  in  energy,  of  some- 
thing like  100  between  day  and  night  signal  strengths  from 
a  fixed  station.     Now  the  author's  ratio,  in  current,  is  3, 
and  in  energy  g  or  10,  so  that  he  is  onh'  getting  one-tenth 
of  the  variation  that  is  expected  from  ordinary  working 
in   the  Pacific.     I    supppose   one   reason   for  that  is  that 
the  distances  between  Paris  and  Liverpool  and  between 
Brussels  and  Liverpool  are  what  might  be  called  small 
compared     with    these    other    distances,     and    on    that 
account  the  uppermost  levels  of  the  atmosphere  probably 
have  little  effect,   whereas  in  the  case   of  very  long  dis- 
tances they  probably  play  an  important  part.     One  point 
that   has   been   raised   in  the  paper  is  the  effect  of  rain 
in  Paris  on  the  strength  of  signals  received  at  Liverpool. 
Mr.  Vyvyan  has  pointed  out  that  from  experiments  made 
at  Letterfrack,  quite  close  to  Clifden,  and  at  Glace  Bay, 
2,000   miles  from   Clifden,   they  suspect   that   on   certain 
occasions  local  circumstances  at  Clifden  are  the  cause  of 
variation  in  the  signals.     If  we  have  an  antenna  like  that 
at  Paris,  and  we  write  down  the  electrical  equations  for 
the  steel  tower  placed  near  that  antenna  and  assume  an 
insulation   resistance    of   infinity  between  the  top  of   the 
antenna  and  the  top  of  the  tower  ;  and  if  we  assume  that 
the  rain  wets  the   insulators  and   reduces   the  insulation 
resistance  from   infinity  to,  sa}',  i    megohm,  we  find  that 
the  damping  produced  in  the  signals  emitted  may  become 
between   10  and  70  per  cent  greater.      That  is  obtained 
without    the    least    perceptible    change    in  the    antenna 
current.     Besides  this  the  wetting  of  the  ground  will  alter 
the  intensity  and  distribution  of  the  ground  currents  and 
so  increase  the  damping.     When,  however,  the  damping 
of   the   signals   emitted   is   changed,   the  strength  of  the 
current  induced  in  the  receiving  antenna  is  altered  very 
considerably.    I  find  that  occasionally  anthing  like  20  or  30 
per  cent  variation  in  the  signals  received  can  be  expected 
through  such  a  change  in  insulation  resistance  as  I  have 
mentioned,  merely  through  variation  of  the  damping, 
sir.  T.-iyior.        Mr.  J.   E.  Tavlok  :  Unlike  Mr.   Duddell,  I  propose  to 
confine  my  remarks  almost  entirely  to  the  theoretical  side 
of   this    subject.     We   have    been    given   a   considerable 
number  of  detailed  observations   and   a   certain   amount 
of  e.xperience,  and  that  must  be  my  justification  for  con- 
sidering the  theory  at  this  stage.     I  appreciate  to  the  full 
the    painstaking    and    thorough    manner    in    which    the 
author  has  carried  out  the  observations  detailed  in   this 


paper,  which  doubtless  constitute  but  a  small  part  of  the  Mr.  T.i) 
total  work  that  he    has  done  in    the  matter,  but  I  think 
it  will  be  agreed  that  the  point  of  prime  importance  is  to 
arrive  at  a  satisfactory  explanation  of  why  these  variations 
occur,  in  order  that  we  may  know  how  to  cope  with  them 
and  how  to  avoid  them,  if  necessary,  or  to  alleviate  them. 
I  regard  as  very  valuable  the  opportunity  which  this  paper 
affords  for  discussing  possible  solutions.     My  faith  in  any 
of  the  speculative  theories  which  have  up  to  the  present 
been  put  forward  is  very  frail,  and  of  all  the  irresponsible 
theories  that  of  a  heavily-ionized  upper  atmosphere  is  the 
one  which  I  think  has  claimed  the  most  offenders.     I  fail 
to  see  that  there  is  any  justification  in  fact  for  the  assump- 
tion that  the  upper  regions  of  the  atmosphere  can  possess 
a  conductivity  approaching  the  value  which  is  necessary 
either  for  reflection  or  for  guidance  of  waves.     The  con- 
ductivity assumed  has  been  compared  with  that  of  sea- 
water.     I  believe  what  has  given  rise  to  that  comparison 
is    some    of    Sir   J.    J.    Thomson's    experiments.     Those 
experiments  might  equally  well  be  cited  as  proving  high 
conductivity   for  air    at   ordinary   atmospheric    pressure. 
We  have  only  got  to  use  a  wire  circuit  with  a  spark-gap 
interpolated  in  it  in  order  to  prove  that  the  whole  circuit 
has  a  high  conductivity,  including  the  air  in  the  spark-gap, 
if  the  stresses  impressed  on  the  circuit  are  sufficient  to 
cause  rupture  in  the  spark-gap.     By  using  rarefied  air  it  is 
possible  to  make  that  circuit  all  spark-gap  and  no  wire. 
What  bearing  that  has  upon  proving  the  high  conductivity 
of  rarefied  atmosphere  I  cannot  say.    I  shall  base  my  main 
criticism   of   the   paper   on   the   dictum   that   the   author 
gives,  that  calculations  strongly  support  this  theory  of  an 
ionized  layer.     There  may,  however,  be  other  explanations 
and   other   solutions.     One  objection  that  I   raise  to  the 
theory  as  it  stands  is  that  it  is  necessary  to  suppose  there 
are  banks  of  highly-ionized  air  which  act  as  reflectors,  and 
that  they  vary  in  form  from  time  to  time  and  so  produce 
variations  in   signals.     For   long   waves   to   produce   any 
appreciable  reflection  they  must  be  of  huge  size  and  not 
too  irregular  in  their  lower  surfaces.     I  think  it  is  not  very 
feasible  that  these  huge  banks  of  ionized  air  can  vary  with 
sufficient   rapidity    to   produce    the    variations    that    are 
observed.     I  do  not  like  to  condemn  a  theory  too  strongly 
unless  I  can  put  forward  another  possible  solution,  and  I 
would  suggest  the  following  as  at  least  indicating  a  likely 
direction   of  enquir}'.     To    make    an    oscillating    circuit 
radiate  strongly  it  is  necessary  that  it  shall  produce  a  well- 
distributed   electric   field  ;    and   as   the   conductor  of   an 
oscillator  is  opened  out  so  as  to  increase  the  spread  of  the 
electric  field  the  radiating  power  increases.     The  prime 
function  of  the  antenna  of  a  wireless  transmitter  is  to  pro- 
duce this  spread  or  distributed  field.     If  we  take  into  con- 
sideration the  fact  that  in  the  atmosphere  there  is  normally 
a  very  considerable  electric  field  due  to  the  normal  potential 
gradient  of  the  atmosphere,  then  it  will  be  clear  that  the 
exposed  antenna  of  a  wireless  station  has  an  appreciable 
field  due  to  this  atmospheric  gradient  located  upon  it  ;  that 
is  to  say,  the  antenna  has  superposed  upon  the  field  due  to     • 
the   excitation   of   the  antenna   another   field   due   to  the 
atmospheric  gradient.      That  superposition  of    the  atmo- 
spheric potential   gradient  has  in  effect  the  property  of 
greatly  increasing  the  spread  of  the  electric  field  from  the 
antenna  in  an  upward  direction.     This  field  is  essentially 
a  vertical  one  ;  and  I  submit  the  result  of  that  will  be  that 
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Mr.  Swinion.  oscillations  not  necessarily  rectified.  The  difficulty  is  that 
all  sucli  instruments  are  comparatively  insensitive.  The 
instruments  that  work  with  rectilied  currents,  such  as  the 
ordinary  telephone,  the  Einthoven  galvanometer,  and 
Mr.  Abraham's  galvanometer  to  which  Mr.  Duddell 
referred,  are  incredibly  sensitive.  I  think  the  Einthoven 
galvanometer  will  give  readable  signals  with  something 
like  one-billionth  of  a  watt,  which  is  an  extraordinary 
small  amount  of  power.  Some  idea  of  the  smallness  of 
this  fraction  will  be  seen  from  the  fact  that  it  is  of  some- 
thing like  the  same  order  as  i  second  of  time  is  to  over 
three  thousand  years.  Unfortunately  all  the  other 
methods  are  comparatively  insensitive.  There  is  the 
thermal  method  that  Mr.  Duddell  has  used,  but  I  suppose 
we  must  look  upon  all  these  thermal  instruments  as 
heat-engines.  They  depend  on  that  third  law  of  thermo- 
dynamics which  makes  all  heat  engines  very  inefficient, 
and  that  is  specially  so  when  the  heat  limits  are  so 
exceedingly  small  as  they  must  be  in  these  cases.  Nobody 
could  confer  a  greater  benefit  upon  this  comparatively  new 
science  than  by  discovering  some  instrument  that  would 
measure  accurately  these  oscillations  without  it  being 
necessary  to  rectify  them.  I  am  rather  astonished  that 
one  of  the  Marconi  magnetic  detectors-was  not  tried.  It 
is,  I  believe,  not  quite  so  sensitive  as  the  crystal  detector, 
but  in  the  nature  of  things  it  must  be  much  less  liable  to 
alteration  in  sensitiveness. 

Mr.coureey.  Mr.  P.  R.  CouRSEY  :  With  reference  to  the  connections 
shown  in  the  first  diagram  given  by  Professor  Fleming  in 
his  communicated  remarks,  the  main  trouble  that  we 
experienced  was  the  direct  influence  of  the  buzzer  contact 
spark  on  the  receiving  coils  and  detector.  I  should  like 
to  ask  the  author  if  he  ever  had  any  trouble  of  that  nature, 
because  we  found  the  effect  so  considerable  that  it  was 
necessary  to  put  the  coupling  coils,  together  with  the 
buzzer  generating  the  oscillations,  as  far  away  as  possible, 
and  to  connect  them  to  the  receiving  apparatus  by  con- 
centric leads  with  the  outside  conductor  earthed  :  while 
for  the  same  reason  the  buzzer  was  driven  from  an  alter- 
nator instead  of  from  the  usual  battery.  The  group 
frequency  of  the  oscillations  generated  by  the  buzzer  was 
adjusted  to  be  the  same  as  that  of  the  signals  being 
received,  as  the  sensitiveness  of  the  detector  was  found  to 
vary  not  only  with  the  oscillation  frequency,  as  mentioned 
on  page  332  of  the  paper,  but  also  with  the  group  or 
spark  frequency.  There  is  one  other  matter  that  I  should 
like  to  mention  as  to  the  relative  advantages  of  the  visual 
and  photographic  methods  of  using  the  Einthoven  galvano- 
meter. With  the  calibration  arrangements  employed  in 
these  tests  at  University  College,  London,  it  seems  to  me 
that  the  direct  visual  method  is  much  to  be  preferred,  as 
then  the  effects  of  the  variable  sensitiveness  of  the  Einthoven 
galvanometer  can  be  practically  eliminated,  since  it  is 
used  merely  as  an  indicator,  by  taking  a  deflection  on  the 
received  signals  and  then  immediately  changing  over  the 
complete  receiving  apparatus  to  the  artificial  antenna,  or 
calibrating  circuit,  and  adjusting  the  coupling  coils  to 
imitate  exactly  the  previous  deflection.  Once  the  coupling 
coils  have  been  calibrated,  the  number  of  micro-amperes  in 
the  antenna  can  then  be  read  off  from  a  curve.  It  is 
interesting  to  note  that  the  average  strength  of  the  currents 
received  during  the  daytime  on  the  10.45  a-™-  signals, 
as  given  in  several  of  the  curves  in  the  paper  {e.g.  Figs. 


I)  and  10)  is  about  40  micro-amperes,  whereas  when  the  Mr,  Cot 
high-frequency  spark  was  employed  at  Paris  (5.0  p.m. 
signals)  the  received  current  was  somewhere  between 
100  and  no  micro-amperes.  We  obtained  in  London 
practically  the  same  figures  :  the  daily  strength  for  the 
10.45  ^-rn-  signals  varied  between  about  30  and  50  micro- 
amperes, while  in  the  readings  that  we  also  took  in  the 
latter  part  of  last  July  on  the  5.0  p.m.  signals  sent  with  the 
high-frequency  spark,  the  figures  were  of  the  order  of  100 
micro-amperes.  Although  tliis  is  purely  a  coincidence  on 
account  of  the  sizes  of  aerials  employed,  yet  the  agreement 
in  the  ratio  of  strengths  of  low-frequency  to  high- 
frequency  spark  signals  is  a  confirmation  of  the  fact  that 
the  two  methods  of  calibration  must  at  all  events  be 
giving  fairly  accurate  and  comparable  results. 

Professor  G.  W.  O.  Howe  :  All  who  have  done  any  Profess 
work  of  the  nature  described  in  the  paper  know  the 
difliculties  that  are  inherent  in  connection  with  it.  All 
high-frequency  work  abounds  in  pitfalls,  and  when  one 
thinics  one  has  arrived  at  a  particular  result  one  often  finds 
that  it  is  altered  to  something  quite  different  when  one 
allows  for  a  factor  that  has  been  neglected,  such  as  some 
electrostatic  effect.  I  also  made  at  the  same  time  as  the 
author  measurements  of  the  signals  sent  out  from  Brussels 
and  from  the  Eiffel  Tower,  but  I  was  working  with  a 
different  object  and  using  another  method.  My  object 
was  to  do  away  with  all  such  things  as  crystal  detectors 
and  to  get  some  absolute  measurement  of  the  electro- 
magnetic field  produced  in  London  by  the  Eiffel  Tower 
signals.  I  removed  everything  that  introduced  any  doubt ; 
I  simply  coupled  a  thermal  galvanometer  to  the  antenna 
and  measured  the  actual  current  produced  in  the  antenna 
by  the  electric  field  ;  then  from  the  high-frequency  resist- 
ance of  the  antenna  and  earth,  and  the  current  set  up  in 
it,  it  was  possible  to  calculate  the  electric  field  on  certain 
assumptions.  Even  that  is  a  very  difficult  thing  to  do, 
because  we  do  not  know  what  height  to  assume  for  the 
receiving  aerial,  especially  in  the  neighbourhood  of  build- 
ings and  where  the  aerial  is  of  a  peculiar  shape.  We  want 
a  simple  standard  aerial  for  the  purpose,  and  it  ought  to 
be  removed  from  any  buildings.  The  difficulty  in  this 
method  is  that  we  require  a  long  dash  to  be  sent  from  the 
Eiffel  Tower  and  Brussels  stations,  because  the  thermal 
galvanometer  takes  a  few  seconds  to  attain  its  steady 
reading.  A  dash  is  not  much  good  for  the  purpose  unless 
it  lasts  about  10  seconds  so  that  we  can  take  the  reading, 
and  then,  while  we  are  reading  it,  we  are  quite  at  the 
mercy  of  every  atmospheric  and  every  other  station  that  is 
sending.  Another  difficulty  is  that,  even  if  we  "  listen  in  " 
to  see  that  our  signals  are  pure,  we  are  little  better  off, 
because  the  arrangement  with  the  thermal  galvanometer 
is  a  very  unselective  arrangement.  One  only  has  the 
antenna  with  a  thermal  galvanometer  inserted,  which  is 
equivalent  to  a  considerable  resistance  added  to  that  of 
the  antenna.  Sharp  tuning  is  thus  impossible,  and  the 
antenna  picks  up  all  signals  of  any  wave-length.  There 
are  thus  great  difficulties  in  carrying  out  measurements  by 
this  ideal  method,  and  I  can  quite  see  the  great  advantage 
of  using  an  Einthoven  galvanometer  and  crystal  detector, 
as  the  author  has  done,  to  see  actually  what  one  is  getting, 
so  that  one  can  pick  out  the  desired  signals.  The  author 
has  referred  to  Lutze's  experiments  with  balloons.  I  do 
not  know  whether  Lutze  found  that  this  double  layer  of 
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Mr.  Taylor's  rcn  ..luse  we  arc  now  getting  such 

a  variety  ot  ideas  on  tlic  subject  of  the  ionization  of  the 
atmosphere  lliat  it  is  possible  to  explain  practically  every- 
thing in  that  way  by  making  suitable  assumptions.  We 
liavc  etheric  fogs,  the  ionized  lower  atmosphere  absorbing 
the  waves,  or  being  clariticd  by  a  rainfall  and  rendered 
l(  we  have  stray  ionized  clouds  alfccling  the 
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the  sunUght,  or  persist  night  and  day,  and  which  will 
cither  reHect  or  refract  or  scatter  the  waves  ;  and  we  have 
now,  as  if  these  were  not  sufficient,  alternate  layers  of 
moist  and  dry  air.  It  is  refreshing  therefore  to  hear  that 
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duced by  the  Paris  signals  by  a  known  current  in  an 
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MARCHANT  :   CONDITIONS  AFFECTING   THE   VARIATIONS 


Protessor 
Fleniiiii;. 


Professor 
Uarchaat. 


It  will  be  seen  from  Fig.  B  that  we  liave  in  this  monthly 
chart  an  example  of  the  same  curious  variations  in  signal 
strength  as  shown  in  the  author's  Fig.  ii.  In  our  chart 
it  appears  as  if  the  greatest  falling  off  in  the  signal 
strength  occurs  when  the  sky  is  overclouded  both  in  Paris 
and  in  London,  but  I  do  not  think  that  any  generalization 
can  be  drawn  from  charts  of  this  kind  extending  over  only 
a  short  period  of  time.  Before  we  can  draw  any  valid  con- 
clusions it  would  be  nccessar}'  to  have  an  antenna  set  up 
near  to  Paris  and  an  automatic  record  kept  of  any  varia- 
tions in  signal  strength  occurring  close  to  the  sending 
station  ;  moreover,  such  an  antenna  ought  to  be  in  dupli- 
cate, one  antenna  being  earthed  and  the  other  non-earthed. 
In  the  observations  so  far  taken  by  the  author  and  by  me 
there  is  nothing  to  show  definitely  whether  these  varia- 
tions in  signal  strength  are  due  to  something  happening 
at  Paris,  or  in  London  or  Liverpool,  or  in  the  region 
between.  If  the  author  and  I  had  been  able  to  work 
simultaneouslv  on  the  same  signals  from  Paris,  and  if  the 
variations  in  signal  strength  had  been  found  to  occur 
simultaneously  in  Liverpool  and  London  over  a  con- 
siderable period  of  time,  then  we  should  have  one  useful 
fact  to  go  upon.  I  cannot  believe  that  in  such  a  short 
distance  as  200  miles  the  large  variations  in  signal  strength 
which  we  have  observed  in  London  are  entirely  due  to  the 
ionization  of  the  air.  I  have  already  several  times  ex- 
pressed the  opinion  that  in  such  short-distance  trans- 
mission there  is  a  considerable  degree  of  propagation 
through  and  over  the  earth's  crust,  and  that  the  reception 
is  not  entire!}'  due  to  a  true  space  wave.  It  is  much  to  be 
regretted  that  this  calamitous  world  war  has  put  a  stop 
entirely  to  wireless  investigation,  but  it  is  to  be  hoped  that 
at  a  no  great  interval  of  time  it  may  be  possible  to  resume 
it.  Until  we  get  more  facts  and  can  digest  them  more 
completely,  discussions  as  to  the  theory  of  them  must 
necessarily  be  very  imperfect.  In  the  discussion  which 
took  place  on  this  subject  at  the  meeting  of  the  British 
Association  at  Dundee,  two  years  or  more  ago,  I 
suggested  the  establishment  of  a  British  Association 
Committee  for  radiotelegraphic  investigation,  and  that 
committee  was  duly  appointed,  with  Sir  Oliver  Lodge 
as  chairman.  Under  the  direction  of  Dr.  Eccles,  its 
secretar}-,  much  valuable  work  began  to  be  organized, 
which  was  also  interrupted  by  the  war,  but  in  due  tinie 
that  work  will  reap  its  reward  by  furnishing  us  with  more 
material  for  the  discussion  of  the  interesting  questions 
which  have  been  dealt  with  in  this  paper. 

Professor  E.  W.  Marchant  {in  reply)  :  I  entirely  agree 
with  Mr.  Duddell's  criticism  :  that  the  number  of  results 
obtained  is  insufficient  to  establish  any  real  theory.  The 
paper  is  only  a  beginning ;  .it  was  intended,  more  than 
anything  else,  to  stimulate  accurate  observation  of  signal 
strength,  because  I  think  it  is  only  when  we  have  obtained 
a  large  number  of  observations  that  we  can  possibly  hope 
to  arrive  at  any  satisfactory  theory.  I  put  forward  my 
theory  more  as  a  hypothesis  for  eliciting  criticism  and 
stimulating  discussion  than  as  a  conclusive  explanation  of 
the  variations  in  the  strength  of  wireless  signals.  It  was 
intended  for  criticism,  and  I  think  the  criticism  of  it  has 
not  been  such  as  to  prove  the  theory  of  ionized  clouds 
untenable.  I  hope  that  the  International  Commission 
over  which  Mr.  Duddell  presided  at  Brussels  last  April 
may  have  many  meetings  in  the  future  when  conditions 


are  more  favourable,  and  that  such  a  programme  as  he  has  Profes 
outlined  may  be  carried  to  a  successful  issue.  Mr.  Duddell  ^"' 
suggested  that  it  would  be  better  to  calibrate  on  the  aerial. 
The  difficulty  that  I  have  found  in  calibrating  on  the  aerial  is 
that  interference  is  very  likely  to  occur  from  outside  sources, 
and  should  it  be  a  bad  day  and  a  lot  of  atmospherics  come  in, 
it  is  extremely  difficult  to  calibrate  if  one  tries  to  do  so  on  the 
aerial  circuit.  Moreover,  when  using  crystal  detectors  it  is 
often  necessary  to  calibrate  while  signals  are  coming  in, 
and  this  cannot  be  done  if  the  aerial  is  in  circuit.  If  one 
can  do  so,  it  would  seem  to  be  very  much  better  to 
calibrate  on  the  aerial  than  on  the  secondary,  but  the 
practical  difficulties  are  greater.  Mr.  Duddell's  description 
of  Professor  Abraham's  instrument  was  very  interesting. 
I  did  not  intend  to  suggest  that  the  Einthoven  galvano- 
meter is  the  only  instrument  possible,  but  it  is  certainly 
one  of  the  best  that  we  can  get  at  the  present  time. 
Possibly  Professor  Abraham's  instrument  may  be  even 
better  later  on. 

I  was  exceedingly  interested  in  Mr.  Vyvyan's  account  of 
the  experiments  at  Letterfrack  and  Clifden.  It  is  remark- 
able that  the  signals  from  Clifden  to  Letterfrack  should 
show  the  same  kind  of  variations  as  those  between  Clifden 
and  Glace  Bay.  If  that  is  the  case,  it  renders  nugatory 
the  theories  that  have  been  advanced  to  explain  the  varia- 
tions observed  during  the  day  in  the  transatlantic  trans- 
mission of  wireless  signals.  The  distance  that  I  mentioned 
of  1,200  miles  for  a  i'5  kw.  set  is  very  small  compared 
with  those  mentioned  by  Mr.  Vyvyan.  The  Pacific  is 
certainly  a  wonderful  place  for  long-distance  transmission, 
evidently  much  better  than  the  Atlantic.  I  quoted  the 
1,200-mile  transmission  because  it  had  actually  come 
within  my  own  notice.  His  observations  that  the  effects 
obtained  are  due,  to  a  very  large  extent,  to  local  conditions 
are  entirely  in  accordance  with  the  conclusions  that  I 
have  arrived  at  from  our  observations. 

Dr.  Eccles  gave  some  very  interesting  figures  in  refer- 
ence to  the  long  distances  that  can  be  covered  at  night  in 
the  Pacific.  I  think,  however,  that  they  have  not  been 
observed  anywhere  else  than  in  the  Pacific  ;  certainly  we 
have  never  got  anything  of  that  sort  here.  I  think,  how- 
ever, that  distance  records  are  not  to  be  compared  with 
energy  records  over  a  fixed  distance,  because  all  sorts  of 
reflection  effects  come  in,  reflection  from  the  upper  atmo- 
sphere and  so  on,  which  must  vary  enormously  at  different 
distances,  whereas  with  fixed  distance  at  least  one  possible 
variable  is  constant.  I  was  interested  in  Dr.  Eccles' 
calculations  on  the  effect  of  defective  insulation  resistance. 
The  defective  insulation  would  certainly  be  shown  by  an 
alteration  in  the  decrement  of  the  sparks.  In  future  tests 
it  is  our  intention  to  record  the  decrement  of  every 
signal  as  well  as  its  strength.  This  can  easily  be  done 
when  a  photographic  record  is  taken  on  the  Einthoven 
galvanometer. 

With  regard  to  Mr.  Taylor's  theory  that  the  increase  in 
signal  strength  at  night  is  due  to  what  I  understand  to  be 
an  artificial  heightening  of  the  aerial  owing  to  the  effect  of 
atmospheric  electricity,  it  seems  to  me  to  be  really  an 
extension  of  the  ionized-cloud  theory,  only  Mr.  Taylor 
assumes  that  the  clouds  which  affect  the  transmission  are 
all  above  the  aerial.  The  theory  is  of  great  interest,  and 
one  which  should  be  capable  of  experimental  test  with 
balloons.      With   reference   to   his   criticism  that  ionized 
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>ir.  Hoyie.  thermal  when  used  without  an  auxiliary  voltage  (Fig.  i). 
I  should  like  to  ask  the  author  about  the  constancy  of  the 
resistance  of  this  crystal  pair.  On  page  331  the  effective 
resistance  of  the  crystals  is  mentioned  as  being  about 
32  ohms.  In  the  majority  of  cases  these  crystals  vary 
very  much.  I  have  found  an  average  of  18  to  20  ohms 
for  perikon.  I  do  not  know  whether  32  ohms  is  a  very 
high  value  for  the  resistance  of  the  crystal  or  not.  I  am 
not  able  to  discuss  the  measurement  of  the  actual  signal 
strength,  because,  as  the  author  points  out,  the  only  way 
to  measure  the  strength  is  to  use  an  Einthoven  galvano- 
meter, and  unfortunately  we  have  not  one  at  the  Technical 
School  in  Manchester.  I  think  we  are  all  hoping  to  open 
up  communication  again  with  Liverpool.  In  Manchester 
I  have  listened  interestedly  to  the  special  experimental 
signals  being  sent  from  Paris,  knowing  that  Professor 
Marcliant  is  photographing  the  results. 

Professor  E.  \V.  March.\nt  {in  reply) :  I  was  very 
interested  to  hear  what  Mr.  Hoyle  said  about  crystal 
sensitiveness.  I  put  in  the  statement,  that  the  sensitive- 
ness of  the  crystal  might  vary  with  frequency,  as  a 
disclaimer,  because  I  had  not  made  any  observations 
myself  on  the  effect  of  frequency  on  sensitiveness  in 
the  crystal  combination  that  I  used.  Therefore,  I  am 
interested  to  know  that  he  lands  the  sensitiveness  is 
constant.  That  is  borne  out  by  a  paper  read  by 
Lutze    in   Brussels   last    April    before    the    International 


Professor 
Marchant, 


Scientific  Radio-Tclcgraphic  Commission.  He  had  made  I'loi 
a  great  many  tests  with  higli  frequencies,  and  obtained  '  "' 
nearly  the  same  sensitiveness  as  he  found  at  a  frequency 
of  about  100.  The  crystal  which  was  good  on  low 
frequencies  was  good  also  on  liigli  frequencies.  At  the 
same  time,  of  course,  the  question  of  the  effect  of 
frequency  on  sensitiveness  does  not  affect  these  tests. 

With  regard  to  the  thermal  action  of  the  crystal 
detector,  I  was  interested  to  know  at  what  values  of 
current  in  the  circuit  Mr.  Hoyle  had  found  the  thermal 
action  changed  into  valve  action.  We  were  evidently 
well  below  the  limit  of  valve  action,  because  the 
currents  that  we  used  in  our  crystal  circuits  were  never 
more  than  05  micro-ampere.  Of  course  the  antenna 
currents  received  are  larger  than  that. 

As  regards  the  constancy  of  the  effective  resistance  of 
the  crystal,  I  did  not  make  a  great  number  of  tests  on  that 
point.  I  tried  it  once  or  twice  and  it  was  usually  about  30. 
The  figure  32  was  a  litlle  uncertain  becauseit  was  obtained 
by  difference,  i.e.  the  difference  between  the  resistance 
measured  by  a  half-deflection  method  and  that  calcu- 
lated from  the  dimensions  of  the  wire  in  the  coils. 
The  estimated  resistance  of  the  coils,  allowing  for  skin 
effect,  is  not  quite  exact  for  circular  coils,  as  has  been 
shown  by  Dr.  Howe,  and  the  estimate  of  effective 
crystal  resistance  is  only  to  be  regarded  as  an  approxi- 
mation. 
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MEETING  OF  25   MARCH,    1915. 

At  the  Ordinary  ^Meeting  of  the  Institution  on  the 
25th  March  the  following  paper  will  be  read  and  dis- 
cussed : — 

W.  L.  Preece.     "  Telephone  Troubles  in  the  Tropics." 

SCIENCE  ABSTRACTS. 
The  Council  wish  to  draw  the  attention  of  members 
to  the  advisability  of  subscribing  to  Science  Abstracts,  a 
publication  which  cannot  fail  to  be  useful  to  all  Engineers 
as  a  complete  and  concise  record  of  current  papers  and 
work,  and  also  as  a  work  of  reference.  It  is  published  in 
two  sections,  namely  : — 

Section  "A  "  (Physics),  containing  abstracts  from  papers 
on  General  Physics,  Meteorology,  Astronomy,  Light, 
Heat,  Sound,  Electricity,  Magnetism,  Chemical  Physics, 
etc. ;  and 

Section  "  B "  (Electrical  Engineering),  containing  ab- 
stracts from  papers  on  General  Electrical  Engineering, 
Dynamos,  Motors,  Transformers,  Electrical  Distribu- 
tion and  Transmission,  Electric  Traction,  Descriptions 
of  Stations,  Lamps,  and  Lighting,  Storage  Batteries, 
Electro-Chemical  Processes,  Telegraphy  and  Tele- 
phony, Radio-Telegraphy,  Hydraulic  Power,  Steam 
Plant,  Fuel,  Gas  and  Oil  Engines,  Properties  of 
Engineering  Materials,  Airships,  and  Aeroplanes. 

The  reduced  subscription  to  members  is  7s.  6d.,  post  free, 
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HOW    A    TOP   STANDS    UP. 

Hy   ].   SwiNMfkNK,   F.K.S.,   I'.t-t    l'rt-5i(lciil. 
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the  change  of  direction  of  the  movement  of  A  and  B  raises 
A  and  lowers  B  ;  and  the  arbor  thus  tends  to  move  to  the 
left.  The  arbor  thus  moves  at  right  angles  to  tlie  direction 
of  the  applied  force.  Hclpi[ig  the  precession  by  external 
means  tlius  raises  the  top  to  the  vertical  position. 

The  point"!"  has  been  supposed  to  spin  in  the  same 
place  ;  but  if  the  point  is  replaced  bj'  a  small  blunt  nose 
it  will  roll  to  some  extent  on  the  table  ;  and  in  the  diagram 
it  will  roll  so  that  the  point  moves  away  from  the  ob,server. 
That  tends  to  make  C  fall  and  D  rise,  and  to  alter  the 
directions  of  motion  of  A  and  B  in  such  a  way  that  A  is 
raised  and  B  depressed.     The  point  ''  I  "  will  therefore  run 


round  as  the  top  precedes  ;  and  its  movement  will  gradually 
raise  the  top  to  a  vertical  position  so  that  it  "  sleeps." 

The  behaviour  of  gyrostats  under  various  conditions  can 
be  followed  by  seeing  which  parts  of  the  spinning  body 
have  their  directions  of  movement  altered,  and  tracing  the 
forces  so  produced. 

This  simple  explanation  was  published  about  20  years 
ago  in  Good  Words.  As  it  is  possible  that  some  of  the 
members  of  the  Institution  did  not  see  the  number,  it 
seemed  worth  while  to  repeat  it  as  it  may  help  the  under- 
standing of  Professor  Gray's  Kelvin  Lecture.* 
•  P.ige  277. 
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MAGNETIZATION, 


LOSSES     IN     IRON,     DUE    TO 
BY   AN    EXPRESSION    OF   THE 


By  N.  W.  McLachlan,  Associate  Member. 


{Paper  first  received  7  December,  and  in  final  fori}}  29  December,  1914.) 


The  following  experiments  were  carried  out  on  different 
brands  of  iron  by  means  of  an  Epstein  tester  used  in 
conjunction  with  an  alternator  the  wave-form*  of  which 
differed  from  a  sine  curve  by  less  than  5  per  cent.  The 
object  of  the  experiments  was  to  ascertain  whether  the 
total  number  of  watts  lost  per  kilogram  |  could  be  ex- 
pressed in  the  form  W^cB",  as  an  alternative  to  the 
usual  expression  W  =: a  B''  -1-  6  B=  in  which  the  hysteresis X 
and  eddy-current  losses  are  considered  separately.  § 


Wdttmecer 


£pste/n  tester 
(r(sistance-0-n9ohm) 


Fig.  I. 


Fig.  I  shows  diagrammatically  the  apparatus  used  in  all 
the  tests.     In  each   case  the  supply  frequencj'  was   kept 

*  Oscillograms  of  the  E.M.F.  wave-form  were  taken  at  the  terminals 
of  the  Epslcin  tester  for  various  frequencies.  These  showed  that  the 
wave-form  differed  from  a  sine  curve  by  less  than  5  per  cent,  whether 
the  alternator  was  supplying  power  or  not. 

t  Messrs.  Mordey  and  Hansard  observed  that  the  total  loss  in  iron 
plates  often  varied"  .isB'A  (W.  M.  MORDEY  and  A.  G.  Han'SARD. 
Energj-  losses  in  magnetizing  iron.  Report  of  the  British  Association 
^or  the  Aii-rniiccmciit  of  Science,  p.  697,  1904  ;  and  also  Electrician,  vol.  53, 
p.7go,  1904.) 

*  The  Steinmetz  hysteretic  index  i-6  has  been  used.  Mr.  F.  Stroude 
has  shown  tliat  the  indices  for  Stalloy  and  transformer  iron  are  of 
the  order  of  1-66  and  17  respectively.  (F.  SXROUDE.  An  accurate 
examination  of  the  Steinmetz  inde.K  for  transformer  iron,  St.illoy,  and 
cast  iron.  Procccdinf^s  of  tlie  Ptiysical  Society  of  London,  vol.  24,  p.  238, 
1911-12  ;  and  also  Electrician,  vol.  69,  p.  606,  1912.) 

§  From  a  practical  point  of  view  it  is  the  total  loss  which  is 
required,  as  both  losses  are  dissipated  in  heat  eventually. 


constant  and  a  series  of  readings  of  voltage-drop  in  the 
test  coils  {i.e.  the  back  electromotive  force),  total  number 
of  watts  lost  (including  P  R  and  instrument  losses  which 
were  deducted),  and  current,  were  taken.  The  voltage 
was  adjusted  so  that  the  maximum  flux  density  in  the 
iron  varied  between  4,000  and  10,000  lines  per  square 
centimetre.  Special  care  was  exercised  when  readings 
were  taken  in  the  vicinity  of  these  limits  so  that  the 
values  of  a  and  b  could  be  obtained  as  accurately  as 
possible. 

Table  i  shows  the  results  obtained  from  a  test  of  Stalloy 
(silicon  iron)  at  a  frequency  of  50  periods  per  second. 
The  particulars  of  the  iron  used  are  as  follows  : — 


Number  of  iron  cores    ... 

„        plates  per  core 
Mean  thickness  of  plate 

„      width  „ 

„      length  „ 

„      cross-section  of  core 
Weight  of  each  core 
Total  weight  of  iron 


=  4 

=  46 

=  0-5  mm. 

=:  30  mm. 
=  500  mm. 

=  69  sq.  cr 

=  2-5  kg. 

=  10  kg. 


Fig.  2  shows,  for  various  frequencies,  the  total  iron  loss 
in  watts  per  kilogram  plotted  against  the  maximum  flux 
density.  In  determining  the- values  of  a  and  b  (hysteresis 
and  eddy-current  constants)  the  curves  were  drawn  to 
a  large  scale  and  the  values  of  W  corresponding  to 
B,„ait.  ^  10,000  and  4,000  were  read  off  and  substituted 
in  the  formulas  : — 

/W.  — 4-33WA        „  /W,— lo'^fcN        , 

b=( — ' ^^ — ")  10-*,       a  =  ( — )  10""^ 

V        0-306        )  \      2-512     / 

The  figures  in  Table  2  were  obtained  from  the  curve  for 
Table  i  (shown  in  Fig.  2). 
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Thc  equation  tu  tlic  curve  in  Kig.  2  i^  thcrcfurc 

W  =  0-38  X  10-'  B"'  +  IOS7  X  io-»  B'   .    .    (1) 

Fig.  3  shows  log  (I  0\V)  *  plotted  aguinst  log  B.^.  for 
the  same  curve.    The  equation  to  the  hne  i:. 

log  (I  0\V)  =  II  log  B.     +  log  C. 

'-  ::ic  line  (indicated  by  crosses)  and 
I  10, 

"  =  ' "75  ^nd  <■  —  ^"^  X  'o~'- 
Hence  the  equation  to  the  curve  is 

W  =  1-66  X  10-'  B*-" (J) 

To  test  the  accuracy  of  the  above  equations,  \vc  may 
tike  B„„  ^  ?.ooo  and  8.000  lines  per  square  centimetre, 
•^  s  of   W,  and  compare 
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In  this  case  Kqualion  (2)  is  a  little  uioic  accurate  tlian 
Kquation   (1),  and  the  error   in  Ix.th   cases   i>   Ic^^   ilian 
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produced  by  eddy  currents  alleriag  the  distribution  oi  the 
magnetic  lines  of  force  across  the  section  ii.  '  ^^ay 
that  Buf  is  reallv  Qreatrr  than  that  given  bv  . 
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be  due  to  an  increased  resistance  brougtit  about  by  aiuii 
effect. 

Values  uf  kf  liavc  Itcen  inserted  in  the  last  column  of 
the  tables  and  these  show  that  in  no  one  case  is  k  inversely 
proportional  to  the  frequency.  In  the  tirst  case  there  is  a 
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different.-'-     On  plotting  log  ti  and  log./  it  was  found  that       previously  stated,  c  varies  directly  as  the  frequency.     The 

the   points   were  almost   coUinear,   so   that    /;    and  f    are    |    lines  obtained  are  shown  in  Fig.  5. 

connected  by  a  law  of  the  form  ii  =  c,t"'.  '        In  determining  the  values  of  c  and  11  for  Loliys,  it  was 


T.VBLE  4.     Stalloy  (0-5  mm.  thick). 
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Table  5.     Lohys  (0-37  mm.  thick). 
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Table  6.    Ordinary  Iron  (i  mm.  thick). 
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Table  7  shows  the  values  of  c,  and  n,  for  the  three 
brands  of  iron,  and  Fig.  4  shows  log  n  plotted  against 
log/.  The  values  of  n^  and  c,  were  obtained  from  the 
three  lines  shown  in  this  figure. 

When /and  c  were  plotted  the  result  was  a  straig'nt  line, 
which  if  produced  would  have  cut  the  vertical  axis  above 
the  origin,  giving  a  positive  intercept.  Hence  we  may 
infer  that,  within  the  limits  of  frequency  and  flux  density 

*  Although  the  variation  of  n  is  a  small  percentage,  it  malies 
a  great  difference  in  a  calculation  when  used  as  an  index,  c.ff. 
10,000'*'  =  5-25  X  I0^  while  io,ooo''77  =  12  X  lo'';  so  that  an  increase 
of  about  5  per  cent  in  the  index  has  caused  an  increase  of  about 
230  per  cent  in  the  absolute  value.  However,  it  must  not  be  assumed 
that  a  small  error  in  the  determination  of  n  will  cause  a  larj^e  error  in 
the  value  of  W  as  calulated  from  the  formula  \V=  c  B",  because  an  error 
in  H  is  practically  compensated  for  in  the  correspondint;  value  of  c. 
Taking  a  case  in  point,  suppose  n  in  Equation  (2)  was  174,  tlic 
corresponding  value  of  c  would  be  2-i)2.  Using  these  values,  W  =  o-S 
when  B  =  5.000,  and  this  differs  from  the  curve  b}-  onlv  1*3  per  cent. 
For  larger  values  of  B  the  error  is  much  less,  and  is  ofthe  order  of  i 
of  I  per  cent  in  the  neighbourhood  of  B  =  10.000. 


found  that  the  lower   points  had  a  tendency  to  lie  on  a 
shght   curve    concave    upvi^ards.      This   was   due   to    the 

Table  7. 


Brand  of  Iron 

"i 

Cl 

Stalloy 

0-061 

1-38 

Lohys 

0-059 

1-.43 

Ordinary 

0-055 

i-S 

comparatively  large  hysteresis  loss  which  is  more  promi- 
nent at  low  than  at  high  flux  densities."     The  value  of  ;;  in 

*  The  eddy-current   loss  at    low  flux  densities  was  comparatively 
small  owing  'to  the  plates  being  only  0-37  mm.  thicl;. 
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consequence  the  application  ol  the  formula  W  =■  c  B*  has 
Ken  restricted  between  llux  densities  of  5,000  and  io.ooo 
fiT  Lohys. 

I05r 


closelv  with  the  cur\e.    Curves  of  a  similar  nature  were 

obt..: 

K,  .  iis,  we  have 

by    ^ub^tllullng   the   \-aluc  8^30  lor    U.   i"^    ^.t.-.liv,n 
becomes 


The   various  values  of    h   for  SUlloy   were  found  by 

iii^cM.ni;  \  iljo  of  *  in  thi>  jnd  the  \-alues  for 

otlKi   bian.l,  of   iron  were  .  1  m  a  similar  way. 

'lublc   S   shows   Ihc   cx}^erlmc^lal   olid   calculalcsd   values 

lit    PI   li.!    lie   thnc   builds. 
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cur^•c  constructed  for  Stalloy  as  follows  :  — 


*  =  \^_  ,'^,)B"«  approximately 
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Now  when  n  =  1  (<&,  k  may  be  taken  as  145  approximately . 
and       „        11  =  177,*  •.  so 


I' sing  the  formula  r^.i  IJ'**  ■♦•  ^  I'. 
by  insertin{'  the  «-ak>e  of  B  Uke<l  ■■> 
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experimental  values  of  a,  b,  and  ii,  the  corresponding 
values  of  the  constant  c  can  be  calculated.  Table  9  shows 
these  values,  the  experimental  results  being  given  for 
comparison. 


Table 

9- 

Stalloy 

LOHYS 

Ordinary  Iron 

/ 

ex  10' 

CX  10? 

C  X 

I07 

Experi- 
ment 

Calcula- 
tion 

Experi- 
ment 

C.ilcula- 
tioii 

Experi- 
ment 

Calcul.v 
tion 

25 

2'l6 

2-17 

176 

178 

2-92 

2-89 

37 

2-29 

2-29 

2 '04 

2-05 

378 

377 

SO 

2-66 

2-65 

2-32 

2-32 

4-64 

4-6 1 

60 

2-83 

2-83 

2-49 

2-47 

4-98 

4'97 

In  calculating  the  values  of  n  and  c  for  Lohys  the  value 
of  B  used  in  Equation  (6)  was  20,000,  which  is  considerably 
beyond  the  range  ;  it  will  be  advisable  therefore  to  take 
these  values  witli  reserve.  The  large  value  of  B  can  be 
accounted  for  by  the  fact  that  Equation  (5)  enables  the 
minimum  values  of  the  expression  k  B'''^"  4-  B-'~"  to  be 
found,  and,  as  is  mentioned  in  Appendix  I,  these  values 
for  Lohys  lie  outside  the  range. 

COXCLUSIONS. 

(i)  That  for  flux  densities  between  4,000  and  10,000 
lines  per  square  centimetre,  and  frequencies  between  25  and 
60  periods  per  second,  the  combined  hysteresis  and  eddy- 
current  losses  in  Stalloy  (0-5  mm.  plates)  or  in  ordinary  iron 
(i  mm.  plates)  subjected  to  an  alternating  magnetization  can 
be  represented  within  1-5  per  cent  by  an  expression  of  the 
form  W  =  c  B",  n  varying  from  i-68  to  177  for  Stalloy  and 
175  to  I '83  for  ordinary  iron. 

(2)  That  for  flux  densities  between  5,000  and  10,000,  and 
frequencies  between  25  and  60,  the  combined  hysteresis 
and  eddy-current  losses  in  Lohys  (o'37  mm.  plates)  sub- 
jected to  an  alternating  magnetization  can  be  represented 
within  2-5  per  cent  by  an  expression  of  the  form  W  =  c  B", 
n  varying  from  173  to  1-82. 

(3)  That  in  the  expression  W  =  c  B",  c  varies  directly  as 
the  frequency,  but  the  relation  which  exists  between  n 
and/ is  of  the  form  n  =  c/"i. 

The  above  work  was  carried  out  in  the  Applied  Elec- 
tricity Laboratories  of  ^Liverpool  University. 


APPENDIX  I. 

In  viewer  the  fact  that,  between  the  limits  of  B  =  4,000 
and  B=  10,000,  Jog  W  and  log  B„„.  invariably  gave  a 
good  approximation  to  a  straight  line,  the  author  was  led 
to  the  following  elementary  mathematical  analysis  : — 

)'  =  a.V'4-6.r= (i) 

=  .f"  (a.v"'""  4-  bx"--")  where  »  is  <  2  and  >  i'6 
y  =  cx" (2) 


If  (i)  and  (2)  are  approximately  equal  for  the  same  values 
of  .V,  then  c  =  <i  x^'''~"  -|-  b  x'~".  Moreover,  it  is  necessary 
to  show  that  the  expression  (a*''-"  +  6.v'-")  remains  prac- 
tically constant  for  the  values  of  a,  b  and  n  which  obtain  in 
practice,  while  x  varies  between  4,000  and  10,000. 

Since  a  suitable  scries  cannot  be  found  for  the  above 
expression,  its  constancy  is  best  demonstrated  grapliically. 

a x'-"-"  +  b X'-"  =  b  {!: .v"'-"  4- x'-'),     where  /;  =  ^. 

As  6  is  a  constant  multiplier  for  given  conditions,  tlie 
work  can  be  simplified  by  plotting 

y  =  /;  x"''-"  4-  «'-". 

Taking  the  case  of  Stalloy  when  7^50,  we  have  k=:6o 
and  n^  175.     Thus 

Fig.  7  shows  _)',  and  y,  plotted  separately  and  also  com- 
bined, the  combination  giving  rise  to  a  curve  which  is  only 
very  slightly  concave  upwards  and  which  has  a  practically 
constant  ordinate  ;  for  as  v,  decreases,  y,  increases,  and 
there  is  compensation.  When  .«^  7,776,  y  has  its  minimum 
value,  but  the  variation  of  y  is  so  small  that  this  value  is 
imperceptible  on  the  curve. 

This  is  a  particular  case,  but  it  is  typical  of  what  would 
be  obtained  by  using  other  values  of  k  and  n  which  have 
been  found  experimentally.  To  verify  this,  the  minimum 
values  of  k  x''^~"  -}-  x-~"  were  calculated  for  Stalloy  and 
ordinary  iron  and  were  found  to  differ  from  the  end  values 
by  less  than  i  per  cent. 

In  obtaining  the  values  of  c  and  n,  if  it  is  assumed  that 
the  mean  line  is  drawn,  this  would  correspond  to  the  mean 
ordinate  of  kx''''~"  -\-x-~".  Consequently  the  error  of  the 
results  (on  a  theoretical  basis)  should  not  exceed  about 
|-  of  I  per  cent.* 

For  Lohys  the  minimum  values  were  outside  the  range, 
so  that  the  end  points  only  were  considered.  It  was 
found  that  taking  the  end  values,  4,000  and  10,000  gave 
just  less  than  5-5  per  cent  error  as  a  maximum.  Working 
on  the  mean  ordinate  basis,  this  would  give  an  error  of 
the  order  of  275  per  cent.  When  the  end  values  were 
5,000  and  10,000  the  maximum  error  was  about  3'8  per 
cent,  entailing  on  the  mean  ordinate  basis  an  error  of 
approximately  I'g  per  cent. 

Assuming  that  the  expression  k  x''''~"  +  x'-"  is  constant, 
it  is  possible  to  derive  an  approximate  equation  from 
which  k  can  be  calculated  for  different  values  of  n,  and 
vice  versa. 

The  differential  coefficient  of  a  constant  quantity  is  equal 
to  zero,  hence 

djkx''''-"  +  x'-")  _ 
d  X 

.-.  (i-6  -  11)  k  .v°''-"  +  (2  —  n)  x'~"  =  o 
.•.  (i'6  —  u)k  4-  (2  —  n)  x"'^  =  o, 

since  ^  =  0  is  not  a  permissible  solution, 

A=( -;7)*°''' approximately    ...    (3) 

*  Assuming  that  the  mean  ordinate  between  4,000  and  ro.ooo  is  \'ery 
nearly  equal  to  the  mean  of  the  largest  and  smallest  ordinates. 
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APHKNDl.X  Ml. 

In  carryin)*  out  tests  with  the  same  apparatus.  Verpioe 
the  tlux  density  constant  and  varying  the  freq.. 
author   found  that  when  log  \V  was  plotted  ag^^..  .   .^^ 
a  better  hue  was  obtained  than  when  the  usual  furmula. 
W  =^ar  +  h  /',    was   assumed   Jin^i   WV  plotted  agauust   f. 
Moreover,    if    the    tlux    density    Ise   fixed    and    the   supply 
frequency  varied,  the  n   ■ 
can  lie  rcpicseuted  by  ail  I 
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DISCUSSION    ON 

"CABLES."* 

Newcastle  Loc.vl  Section,  14  December,  19 14. 


Mr.  Vcrnkr.  Mr.  C.  Verxit.r  {/•nrtiv  comiiuiiiicatcd)  :  I  sliould  like 
to  congratulate  the  author  on  the  frankness  that  he  has 
shown  in  discussing  the  design  and  behaviour  of  cables 
under  various  conditions.  He  has  given  to  other  manu- 
facturers a  lead  which  they  might  well  follow  with  advan- 
tage both  to  themselves  and  their  clients.  On  page  58  we 
observe  one  of  the  disadvantages  of  some  forms  of  stand- 
ardization ;  for  the  author  points  out  what  is  familiar  to 
some  users,  that  there  is  less  competition  in  the  manu- 
facture of  standardized  that  in  the  case  of  unstandardized 
cable,  and,  further,  that  while  "  the  opportunity  for  rede- 
signing dielectric  thicknesses  was  apparent  years  ago,  .  .  . 
apparently  nobody  had  the  courage  or  opportunity  to  take 
the  step  of  reversing  the  (existing)  practice  "  which  is  so 
obviously  contrary  to  good  design.  If  such  lack  of 
progress  results  from  standardization,  one  may  perhaps 
express  the  opinion  that  the  less  standardization  there  is  in 
such  matters  the  better  for  the  industrv.  In  my  opinion 
the  thickness  of  insulation  on  cables  is  distinctly  one  of 
the  things  which  we  should  not  standardize.  I  need  only 
recall  the  old-time  Board  of  Trade  regulation  requiring 
that  ''  the  thickness  of  insulation  on  high-pressure  cables 
in  inches  or  fractions  of  an  inch  shall  not  be  less  than  the 
number  obtained  by  dividing  the  number  expressing  the 
volts  by  20,000"  {i.e.  a  20,000-volt  cable  would  have  re- 
quired not  less  than  i  in.  thickness  of  insulation,  as  against 
0"4  inch  on  the  most  recent  similar  cables),  as  probably  the 
first  step  which  led  to  the  standardization  of  paper-insu- 
lated cables  on  the  basis  of  thickness  of  insulation,  but 
with  what  little  scientific  insight  is  in  these  days  only  too 
well  known.  With  reference  to  Mr.  Welbourn's  remarks 
at  Manchester!  in  connection  with  the  possibility  of  rais- 
ing the  pressure  on  cables  designed  in  accordance  with  the 
recommendations  of  the  Engineering  Standards  Committee, 
it  may  be  of  interest  to  mention  that  this  will  shortly  be 
tried  under  commercial  conditions  on  several  miles  of 
0'05  sq.  in.  11,500-volt  cables,  which  have  worked  for  six 
years  at  this  pressure  and  are  now  being  changed  over  to 
the  20,000-volt  network,  the  only  alteration  to  the  cables 
being  the  remaking  of  the  joints  in  accordance  with  the 
latest  practice  for  20,000-volt  working.  One  of  these  cables 
has  already  withstood  a  pressure  of  20,000  volts  con- 
tinuously for  over  one  month  on  a  trial  run.  The  author 
devotes  the  first  part  of  the  paper  to  considerations  of 
design  for  very-high-voltage  cables.  Jona's  method  of 
i^rading  cables  based  on  the  work  of  Messrs.  Swinburne 
and  O'Gorman  is  not,  I  fear,  a  very  practical  one.  I  share 
the  opinion  expressed  by  Mr.  Sparks,^  that  engineers  in 
this  country  do  not  wish  to  use  cables  constructed  with 
more  than  one  kind  of  insulating  material.  Jona's  method 
almost  certainh'  involves  the  use  of  rubber  as  a  material 
with  a  higher  specific  inductive  capacity  than  practically 
all  others  suitable  for  the  purpose,  but  which  is  an 
extremely    undesirable    material    to   use   on   high-voltage 

*  Paper  bv  Mr.  C,  I.  Beaver  (see  page  57).- 
t  Page  9+  "     X  Page  S6. 


cables  if  it  can  be  avoided.  The  intcr-shcath  method  offers  Mr.  Vc-ni 
perhaps  greater  practical  possibilities,  but  there  are  some 
objections  to  the  use  of  transformers,-  while  if  condensers 
are  used  they  would  have  to  be  of  large  size  for  any  but 
the  shortest  lengths  of  cable,  and  would  require  to  be 
insulated  for  the  full  working  pressure  of  the  cables  to 
earth,  resulting  in  a  costly  and  cumbersome  piece  of 
apparatus.  The  need  for  ioo,ooo-volt  cable  is  not,  in  my 
opinion,  likely  to  arise  in  this  country  for  a  considerable 
time,  as  I  see  very  little  prospect  of  long-distance  trans- 
mission being  required  in  such  a  densely  populated 
country  as  ours.  I  think  that  high  voltages  will  be  used 
chiefly  in  order  to  reduce  the  number  of  cables  required 
for  extremely  heavy  loads.  The  use  of  single-core  cables 
for  3-phase  work,  with  the  additional  difficulties  that  they 
introduce,  will,  I  feel  sure,  be  avoided  as  much  as  possible 
as  with  40,000-volt  3-core  cables  a  practical  possibility,  and 
even  the  construction  of  50,000-volt  3-core  cables  within 
measurable  distance  of  accomplishment,  these  are  likely  to 
be  the  maximum  voltages  used  in  this  country  for  many 
years  to  come.  I  do  not  think  one  need  apprehend  any 
serious  difliculty  in  dealing  with  the  large  capacity  currents. 
Such  currents  should  to  a  certain  extent  be  welcome  in  help- 
ing to  raise  the  power  factor  of  the  system,  and  they  have  to 
be  large  before  they  effect  any  appreciable  improvement  in 
this  direction.  Should  the  need  arise  for  single-core  high- 
voltage  cables  to  operate  at  over  50,000  volts  for  work 
abroad,  which  is  perhaps  a  remote  contingency,  I  have 
every  confidence  that  very  soon  cable  manufacture  will 
have  progressed  sufficiently  to  enable  such  demands  to  be 
met  in  a  simpler  manner  than  either  by  grading  or  by  the 
inter-sheath  method  described  in  the  paper.  In  this  con- 
nection it  is  well  to  observe  that  a  3-phase  pressure  of 
100,000  volts  with  the  neutral  point  earthed  means  less 
than  58,000  volts  per  cable  ;  and  if  40,000-  or  50,000-volt 
3-core  cables  are  possible  with  the  restrictions  imposed 
upon  the  designer  by  small  diameters  and  the  shape  of 
cable  cores,  the  problem  is  much  simplified  when  dealing 
with  single-core  cables  and  circular  conductors,  and  with 
some  latitude  in  proportionizing  the  core  and  insulation 
diameters.  It  may  be  of  interest  to  call  attention  to  an 
example  of  30,000-volt  single-core  alternating -current 
cables  operating  in  Germany,  especially  as  full  details  of 
their  design  f  have  been  published.  The  diameter  over 
the  lead  is  just  under  2  inches,  and  the  maximum  stress 
42,000  volts  per  centimetre  against  the  author's  52,000  volts 
per  centimetre  (page  61).  I  am  in  agreement  with  the 
author  when  he  states  (page  61)  that  the  original  design  of 
a  cable  has  rather  more  direct  reference  to  the  test 
pressures  than  to  the  working  pressures  for  which  it  is 
ultimately  to  be  used.  Test  pressures  of  from  three  to 
five  times  the  working  pressure  are  purely  arbitrary 
assumptions,  and  I  am  inclined  to  think  that  a  method 

*  See  page  83. 

f  High-tension  cables  on  the  railway  between  Dessau  and  Bitterfeld. 
Electrician,  vol.  70,  p.  1168,  1913. 


niscM 


^^<  I  I  I  V*      I   » \* 


lAMLKS. 


■i'.l 


I" 

III. 

AU\  ■■    lo    ■    nlClllLKl    o(     nil) 

iiiM..^. —  .a    «hrrl   (uriii,  ;>itd    I   klu-mw  <.k. 
whclhcr  lir  loiiMilem  llu»  kiiiultle  4tul  uuuhl 
il    (        ■      ■ 
pi 

be 

couM  K  ... 


iiol  ctprcl   lhi>       al  i. 
.licd.     laboratory       dc|i<. 


I#^''' 


t 


Kic.  C. 


5^c;Bu-i>  l\xh.< 


C'^ltilr  A  ^    \iiii  rr  i^i/iMt/ *  *irm. 


(.iWtB 


C^>a.''«4A-0kJ  ^-fc-^^*' 


C&hit:  A   icoi%fntuoiiii  cn^riuU ) 


Ki...  D 


tests  may  quite  well  show  no  defect  in  such  ca>cs,  but 
this  will  surely  reveal  itself  unpleas.inlly  >■)  time  when  the 
cables  an-  III  t.  "iitinuous  service. 

\\':'.'i  n'tTficf  to  the  exp>criments  described  on  pages 
<>■  I  and  contraction  effects,  it  is  well 

to  :  :  -,  were  carried  out  on  a  concentric 

cable  of  large  size.  One  would,  I  think,  naturally  expect 
a  very  different  behaviour  with  this  type  of  cable  from 
what  would  be  obtained  with  a  3-core  or  a  single-core 
Cable,  in  (act  it  is  well  known  that  concentric  cables  are 
peculiarlv  subject  to  such  Inmblcs  i)n  account  of  the 
wi'  •      wllich  the  dues  and  lead 

shi  .  i;  and  cooling.     1  cannul, 

however,  agree  with  tiie  author's  final  conclusion  that 
little  can  be  done,  5,0  far  as  laying  is  concerned,  lo  assist 
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*  C.  Vkmvieb.     Tbc  laviac  and  auuulrauKv  of  u-ABauxuMi  . 
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Mr.  VcMiicr.  this  question  of  jointing  very  fully  in  if)H,*  and  from  much 
the  same  point  of  view,  viz.  that  of  eliminating  special 
skill  in  jointinr;.  The  type  of  joint  which  I  then  put 
forward  with  this  object  is  that  illustrated  in  Figs.  15  and 
l6 1  of  that  paper,  and  is  the  one  which  in  principle  has 
been  adopted  on  practically  all  the  20,000-volt  cable-work 
carried  out  since  that  time  in  this  country  and  abroad. 


tubes  arc  made  of  the  same  paper  as  the  insulation  of  the  Mr.  Venii 
cable,  impregnated  under  vacuum  at  the  cable  works,  and 
sent  out  in  the  sealed  tins  of  compound  used  for  tilling  the 
joint.  If  fibrous  material  is  satisfactory  for  cable  insulation, 
I  do  not  quite  follow  what  objection  can  be  offered  to 
adopting  the  same  material  over  the  bare  cable  joint,  if  as 
in  this  case  it  is  treated  at  the  works  in  precisely  the  same 
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Fig.  F. — Alternating-current  Cable. 
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The  joint  sleeves  are  now  of  somewhat  different  design 
and  construction  to  allow  for  filling  the  joint  under  vacuum, 
but  the  internal  insulation  consists,  as  shown,  of  insulating 
tubes  (now  of  paper  instead  of  micanite,  as  described  in 
the  paper)  kept  apart  by  porcelain  spreaders.   These  paper 

*  C.  Vernier.    The  laying  and  maintenance  of  transmission  cables. 
Journal  I.E.E.,  vol.  47,  p.  322,  191 1, 
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manner  as  the  cable  itself.  In  connection  with  this 
question  of  jointing.  Fig.  C  herewith  may  be  of  interest. 
It  shows  the  special  form  of  joint  ■•■  used  for  jointing  each 
core  of  the  oval  concentric  type  of  split-conductor  cable 
used  with  the  Merz-Hunter  protective  system.  In  order 
that  the  electrostatic  capacity  of  each  split  conductor 
should  be  equal  it  is  necessary  to  joint  an  inner  split 
•  Patent  15413/09. 
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I>c  led  into  neglect  of  proper  precautions  in  that  respect. 
It  is  doubtless  true  that  most  woods  have  a  negligible 
action  on  lead  unless  assi>tcd  by  electrolysis.  This, 
bowe%cr,  it  by  no  means  the  case  if  the  wood  be  oak. 
which  in  every  other  te«i 
wood  to  ate.     In  the  cav~  ■ 

bCT  lUj     ,1      4>,jj    1^, 

c»*  c-i  where  the  ; 


laid  with  oak  bridges,  and  moreover  the  oorrocioa  was 
always  most  severe  where  the  lead  was  not  in  oootact  with 
the  w<>od.  On  a  really  moist  or  wet  bndgc  practically  oo 
eflccl  could  l>e  observed  where  the  lead  rested  oo  the  wood. 
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Mr.  Viniier.  the  effect  is  one  that  can  he  repeated  in  a  mild  form  in 
tiie  hiboiatory  on  short  pieces  of  cables  ;  but  the  action  is, 
however,  somewhat  slow  and  in  the  cases  referred  to  it 
was  quite  four  years  after  the  cables  were  laid  when  the 
corrosion  was  first  discovered.  I  am  glad  to  say  that  the 
corrosion  now  appears  to  have  ceased,  probably  owing  to 
tlie  exhaustion  of  the  air,  as  no  breakdowns  have  been 
experienced  with  the  cables,  althou.yh  they  have  now  been 
laid  JO  years.  There  can  he  no  excuse  whatever  for 
adopting  wood  for  cable  bridges  or  bushes  of  any  kind 
in  these  davs  when  so  many  excellent  non-hygroscopic 
substitutes  in  porcelain,  earthenware,  asphalt,  and  other 
materials  are  supplied  by  manufacturers,  and  to  do 
so  only  means  incurring  a  risk  out  of  all  proportion  to  any 
saving  obtained.  The  damage  to  cables  laid  solid  from 
external  vibration  resulting  in  fracture  of  the  lead  sheath 
is  not  a  new  development.*  The  remedy  on  new  work 
fortunately  is  simple,  and  consists  in  adopting  armoured 
cables  laid  direct  in  the  ground.  I  have  yet  to  encounter 
the  first  case  of  damage  from  vibration  with  armoured 
cable  laid  direct  in  the  ground,  and  I  have  used  that  type 
of  cable  almost  exclusively  during  the  past  seven  years. 

The  last  part  of  the  paper  deals  with  vulcanized-bitumen 
cables,  chiefly  from  the  manufacturer's  and  chemist's 
point  of  view,  and  together  with  the  author's  previous 
contributions  forms  practicall}'  the  only  available  literature 
on  the  subject.  I  can  only  deal  with  the  question  from 
the  less-highly  technical  point  of  view  of  a  user.  I  am  sorry 
to  say  that  vulcanized-bitumen  cables  have  not  fulfilled 
the  high  expectations  credited  to  them  at  one  time,  and 
although  for  many  years  I  favoured  their  use,  I  have 
gradually  come  to  lose  much  of  my  faith  in  them.  I  should 
perhaps  qualify  this  remark  by  saying  I  refer  chiefly 
to  vulcanized-bitumen  single-core  cables  on  continuous- 
current  systems.  Three-core  cables,  laid  solid  in  bitumen, 
of  which  I  have  also  had  experience,  have  on  the  other 
hand  given  good  results  on  continuous-current  systems 
when  well  jointed.  With  single-core  vulcanized-bitumen 
cables  the  chief  trouble,  as  is  well  known,  is  due  to 
electric  endosmose  on  the  negative  cables.  I  here  find 
myself  unable  to  agree  with  Messrs.  Dick  and  Fernie's 
argument  quoted  on  page  74,  and  I  personally  support 
the  theory  of  particles  of  moisture  becoming  forced  througli 
the  insulation  by  electrostatic  and  capillary  attraction  as 
the  initial  cause  of  the  leakage  current.  In  support  of  this 
theory  I  would  point  out  that  the  effect  usually  referred 
to  as  electric  osmosis  is,  so  far  as  my  experience  goes, 
quite  unknown  on  vulcanized-bitumen  cables  of  the  3-core 
type  on  3-wire  continuous-current  systems,  and  if,  as 
Messrs.  Dick  and  Fernie  state,  the  initial  current  is  due 
to  a  fall  of  insulation  resistance  one  would  expect  the  same 
result  vi'ith  3-core  as  with  single-core  cables  on  a  3-wire 
system.  The  electrostatic  theory,  however,  agrees  with 
the  facts,  and  also  explains  the  drying  out  of  the  positive 
cables,  the  accumulation  of  moisture  on  the  negative 
cables,  and  the  absence  of  osmosis  troubles  on  lead- 
sheathed  cables.  Once  a  small  initial  current  is  established 
by  the  forcing  of  moisture  through  weak  or  thinned  places 
in  the  insulation,  usually  caused  by  pressure  upon  it  at 
some  point,  such  as  at  a  supporting  bridge,  or  at  an  angle 
of  the  trough,  etc.,  the  action  is  cumulative  and  rapid. 
This  leakage  current  produces  a  great  deal  of  local  heat 
*  Journal  I.E.E.,  vol.  47,  p.  333,  191 1. 


and  steam  in  passing  through  the  surrounding  soil,  thus  Mr.  Vtin 
causing  the  insulation  on  the  faulty  negative  cable,  and 
frequently  also  on  the  adjacent  sound  positive  and 
neutral  cables  to  become  destroyed,  generally  resulting 
in  a  short-circuit  of  all  cables  to  earth.  On  the  positive 
cables  one  experiences  electrolysis  caused  perhaps  by  a 
minute  crack,  pinhole,  or  other  defect,  giving  rise  to  a 
fault  of  high  resistance  and  a  leakage  current  which 
remains  throughout  of  small  value  owing  to  the  drying-out 
effect  of  the  current,  and  is  usually  quite  unobservable 
apart  from  the  ordinary  surface  leakage  on  the  network. 
In  the  course  of  time,  generally  a  number  of  years,  this 
small  current  destroys  the  copper  conductor  by  electro- 
lysis, until  some  day  the  circuit  is  broken  and  the  supply, 
if  fed  only  from  one  end,  becomes  interrupted.  The 
ordinary  fault-location  tests  are  usually  useless  to  find 
such  faults,  which  can  only  be  located  by  "  tapping  "  the 
cable  so  as  to  find  the  point  where  the  cable  ceases  to  be 
"live."  At  one  time  vulcanized-bitumen  cables  were,  I 
believe,  largely  adopted  as  the  result  of  the  electrolytic 
troubles  experienced  on  lead-covered  cables,  but  it 
would  appear  from  this,  and  the  effects  summarized  by 
the  author  on  page  78,  that  such  cables  have  developed 
some  very  distinct  electrolytic  troubles  of  their  own. 
I  have,  however,  never  experienced  the  softening  effects 
described  at  some  length  at  the  end  of  the  paper,  although 
I  have  seen  specimens,  brought  from  the  tropics,  of  the 
cables  referred  to,  which  were  quite  unlike  anything  that 
I  have  yet  come  across  in  this  country.  In  paragraph  (rf) 
on  page  75  the  author  states  that  physically-similar  effects 
are  encountered  on  alternating-current  cables,  both  3-core 
and  single,  and  also  on  positive  and  neutral  cables.  This 
is  quite  contrary  to  my  experience,  and  I  find  that  there  is 
a  very  marked  difference  with  vulcanized-bitumen  cables  in 
the  effects  encountered  on  positive  cables  and  alternating- 
current  cables  as  compared  with  negative  and  neutral 
cables,  and  especially  with  cables  on  alternating  current 
as  compared  with  continuous  current.  I  recently  carried 
out  some  experiments  to  demonstrate  this,  one  of  which 
is  illustrated  in  Fig.  D.  Two  cables,  marked  "  A.C."  and 
"  B "  in  Fig.  D,  were  taken,  and  a  ring  ^  in.  long  was 
cut  out  of  the  insulation  in  the  manner  shown  in  the 
specimen  cable  in  Fig.  D  so  as  to  expose  the  copper. 
Both  cables  were  then  buried  in  the  ground  without  any 
protection,  and  at  a  sufficient  distance  from  one  another 
to  prevent  any  in  erference.  Cable  "A.C."  was  made 
alive  with  alternating  current  from  a  separate  machine 
through  an  alternating-current  recording  ammeter,  and 
cable  "  B  "  similarly  from  the  negative  side  of  a  separate 
continuous-current  machine,  both  machines  giving  240 
volts,  the  other  terminal  of  each  machine  being  connected 
to  earth.  Records  were  taken  of  the  leakage  current, 
and  the  beginning  and  end  of  the  records  are  shown 
in  Figs.  E,  F,  G,  and  H  (to  be  read  from  right  to  left). 
It  will  be  observed  that  although  both  cables  started 
with  approximately  the  same  leakage  current,  and  an 
initial  kick,  the  leakage  on  the  alternating-current  cable 
dropped  rapidly  to  just  over  o'lo  ampere,  and  continued 
with  a  steady,  slightly  diminishing  value,  ending  up  at 
o'og  ampere,  whilst  the  insulation  resistance  of  the  cable 
rose  from  zero  to  7,500  ohms.  The  leakage  on  the  con- 
tinuous-current cable  also  quickly  fell  at  first,  but  the 
variableness  of  the   leakage  current   compared   with  the 
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Mr.  Uacc.-dU  positions  are  wrong.  The  best  place  for  the  inter-sheath 
is  between  the  two,  but  nearer  the  latter  position. 
Reference  to  the  curves  in  Fig.  5  gives  a  partial  explana- 
tion of  this  result.  Between  the  core  and  the  inter-sheath 
the  stress  diminishes  from  45  to  about  15  kilovolts  per 
centimetre.  On  the  outward  part  it  diminishes  from  the 
same  value  to  about  28  kilovolts  per  centimetre.  Thus 
some  of  the  insulation  inside  the  intersheath  can  be 
removed  and  used  in  a  more  efficient  way  between  this 
and  tlie  outer  lead  cover.  Again  the  author  states  that 
the  limit  of  commercial  usefulness  of  the  inter-sheath  cable 
is  reached  when  the  ratio  of  the  inner  radius  of  the  lead 
cover  to  the  radius  of  the  core  is  five.  It  appears  to  me 
that  the  problem  is  rather  that  of  designing  a  cable  to 
stand  a  certain  voltage,  with  insulating  material  which  can 
stand  a  definite  stress,  so  as  to  get  the  least  overall 
diameter  ;  consequently  the  correct  way  is  to  make  the 
ratio  of  the  radii  of  outer  covering  to  core  whatever  value 
gives  the  best  result.  For  a  cable  without  inter-sheaths  the 
best  ratio  is  272,  as  stated  by  the  author.  For  a  cable  with 
one  inler-sheath  the  ratio  should  be  a  little  over  five,  so 
that  the  design  given  in  the  paper  is  not  far  from  the 
best  as  far  as  overall  diameter  is  concerned.  I  have  not 
had  an  opportunity  of  referring  to  Dr.  Russell's  work,  but 
it  seems  to  me  that  for  a  cable  with  two  inter-sheaths 
considerably  better  results  could  be  obtained.  Instead  of 
making  the  ratio  five,  make  it  over  eight  and  divide  the 
insulation  thickness  into  three  unequal  parts  instead  of 
three  equal  parts.  By  doing  so  a  smaller  cable  can  be 
used,  and  this  method  would  also  have  the  advantages  of 
greatly  reducing  the  cost  of  the  inter-sheaths  and 
also  of  reducing  the  capacity  currents.  In  comparing 
cables  in  the  latter  respect  a  very  convenient  rule  is 
that  with  cables  designed  for  the  same  maximum  stress 
the  capacity  current  per  mile  is  proportional  to  the  radius 
(and  is  independent  of  the  voltage).  Thus  by  placing  the 
single  inter-sheath  nearer  the  core  than  half-wa}^  the 
capacity  currents  are  reduced.  I  should  like  to  know 
whether  any  attempt  has  been  made  to  do  something  of 
that  kind  on  3-phase  cables.  Can  an  inter-sheath  be 
usefully  applied  in  a  3-core  cable  ?  With  regard  to  the 
question  of  impregnating  the  paper  before  it  is  applied,  in 
a  previous  discussion  one  speaker  was  under  the  impres- 
sion that  no  cable-maker  was  prepared  to  do  that.  I  know 
that  Messrs.  Glover  &  Co.  did  it  14  years  ago.  Perhaps 
the  author  will  tell  us  for  how  much  longer  that  has  been 
his  method.  I  have  noticed  in  the  electrical  Press  some 
correspondence  in  regard  to  the  relative  qualities  of  cables 
coloured  red  and  black  respectively.  Some  engineers  say 
that  black  cable  is  much  better  than  red.  I  should  like 
to  hear  the  author's  opinion  on  that  point.  If  the  state- 
ment is  correct,  is  there  any  chemical  cause  ?  Is  it  due  to 
the  difference  in  heat  transference,  of  the  two  colourings, 
or  is  it  merely  a  coincidence  ?  With  regard  to  the  testing 
of  vulcanized  bitumen  referred  to  on  page  73,  would  similar 
results  be  shown  if  the  size  vi'ere  altered  ?  Would  two 
different  qualities  always  give  the  same  relative  results,  or 
does  the  size  of  the  test  piece  fit  some  qualities  of  bitumen 
better  than  others  ?  Even  if  it  does,  the  value  of  the  tests 
is  not  destroyed.  It  is  possible  that  these  tests  will  enable 
us  to  ascertain  which  kind  of  bitumen  is  the  best  for 
insulating  cables  for  ordinary  voltages.  Suppose,  however, 
the  insulation  thickness  is  different,  is  the  same  quality 


still  the  best,  and  would  the  bitumen  which  appears  to  be  Mr.  in 
the  best  with  one  size  of  test  specimen  still  show  the  best 
results  if  another  size  were  used  ? 

Mr.  H.  Bridges:  On  page  58  the  author  states  that  the  Mr,  D 
conductors  for  high-voltage  cables  would  invariably  be 
made  in  hollow  form.  The  manner  in  which  he  prefers  to 
form  the  hollow  core,  viz.  to  use  a  substantial  lead  tube, 
may  be  all  right  from  the  manufacturer's  point  of  view, 
but  from  that  of  the  user  it  docs  not  appeal  to  me  on 
account  of  tiie  increased  weight  of  such  a  cable  owing  to 
the  addition  of  tlie  lead  tube,  which  increases  the  diameter 
of  the  cable  and  therefore  the  weight  of  the  outer  lead 
covering.  It  would  be  very  interesting  to  know  how  the 
increased  efficiency,  due  to  the  use  of  the  hollow  core, 
compares  with  the  increased  cost  of  manufacture  and  lay- 
ing. I  should  like  to  know  whether  it  is  necessary  for  the 
core  to  be  hollow,  and  whether  the  same  results  could  not 
be  obtained  by  the  use  of  a  solid  paper  inner-core  instead 
of  lead.  The  hollow  core  appears  to  be  an  objection  from 
the  point  of  view  of  jointing  ;  there  are  quite  enough  com- 
plications now  in  the  jointing  of  high- voltage  cables  with- 
out adding  to  their  number.  The  compound  used  for 
filling  joints  would  run  down  the  hollow  cores,  unless  it  is 
proposed  to  seal  them  up  :  or  is  it  intended  to  make  the 
lead  tube  continuous  through  the  joint  ?  The  comparison 
at  the  top  of  page  59  between  the  overall  diameters  of  the 
cables  shown  in  Figs.  3  and  4  does  not  seem  fair,  as  the 
cable  shown  in  Fig.  4  has  twice  the  carrying  capacity  of 
that  in  Fig.  3.  Whatever  can  be  done  to  reduce  the  thick- 
ness of  the  dielectric  to  a  minimum  should  be  done.  The 
manufacture  of  high-voltage  cables  necessitates  increased 
thickness  of  the  dielectric,  and  in  consequence  of  this  the 
location  of  faults  on  such  cables  is  becoming  very  difficult. 
A  cable  may  break  down,  but  the  insulation  resistance 
when  measured  gives  a  value  of  several  megohms,  and  it 
takes  some  considerable  time  before  the  conditions  are 
such  that  a  localization  test  can  be  made.  In  one  instance 
of  the  breakdown  of  a  3-core  20,000-volt  cable,  when  a 
test  was  made  it  was  found  that  the  insulation  resistance 
between  two  cores  and  between  these  cores  and  earth  was 
40  megohms,  whilst  the  third  core  gave  3  megohms  with 
all  cores  continuous.  This  necessitated  sending  for  a 
heavy  pressure  testing  transformer  in  order  to  break  down 
the  insulation  of  the  third  core.  After  the  breakdown 
pressure  had  been  applied  to  the  third  core,  instead  of  the 
insulation  resistance  of  that  core  being  lower,  it  had 
increased  to  10  megohms.  This  is  typical  of  what  occurs, 
necessitating  continual  pressure  testing  until  finally  con- 
ditions are  secured  for  a  localization  test.  The  difficulty  of 
obtaining  satisfactory  conditions  for  such  a  test  is  due  to 
the  large  thickness  of  insulation.  With  the  use  of  the 
split-conductor  concentric  type  of  cable  (Fig.  4),  the 
difficulty  of  locating  faults  will,  I  believe,  be  considerably 
diminished,  as  suitable  conditions  will  almost  surely  be 
obtained  between  the  splits.  In  the  grading  of  dielectrics, 
the  insertion  of  the  inter-sheath  (which  the  author  prefers 
should  be  of  lead,  Fig.  6)  would  serve  a  useful  purpose  in 
the  location  of  faults,  as  the  breakdown  current  would 
have  to  pass  through  the  inter-sheath  to  the  outer  lead 
covering,  and  a  short-circuit  would  more  easily  be  obtained 
between  the  core  and  inter-sheath  or  between  the  inter-  ; 
sheath  and  outer  covering,  which  would  give  good  con- 
ditions for  a  localization  test.     On  the  other  hand  there 
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Ir.  Piercy.  soinc  14  per  cent  higher  than  this.  This  cable  has  now 
been  in  operation  under  full  working  pressure  for  several 
years.  Taking  next  tlie  typical  conductor  worked  out  by 
the  author  for  a  50,000-volt  cable,  in  which  he  linds  the 
most  economical  diameter  over  the  conductor  to  be  08  in., 
he  endeavours  to  obtain  this  in  copper  by  stranding  the 
wires  over  an  inner  lead  tube,  afterwards  covering  the 
whole  conductor  with  a  thin  lead  sleeve  so  as  to  present 
a  smooth  surface  to  the  dielectric.  Assuming  average 
prices  of  £"60  and  ;£"20  per  ton  for  copper  and  lead  ingot 
respectively,  the  cost  of  the  metal  in  this  case  (exclusive  of 
working  up)  is  about  £'i-iS  per  mile.  If  aluminium  wires 
of  equal  resistance  be  substituted  for  the  copper  wires, 
then  not  only  will  the  cost  of  such  wires  be  considerably 
lower  than  the  equivalent  copper  wires,  but  owing  to  their 
larger  area  the  size  of  llic  inner  lead  tube  will  be  reduced 
accordingly  with  a  corresponding  diminution  in  cost.  As 
a  matter  of  fact  it  would  cost  very  little  more  to  fill  com- 
pletely the  whole  space  with  aluminium  wires,  doing  away 
with  the  lead  tube  entirely,  as  bulk  for  bulk  aluminium  is  as 
clicap  as  lead,  the  only  saving  in  favour  of  lead  being  due 
to  the  liollow  centre,  which  for  most  cases  would  be  negli- 
gible where  aluminium  wires  are  employed.  Assuming, 
however,  that  a  lead  tube  be  employed  as  for  copper,  and 
of  equivalent  thickness  in  proportion  to  its  diameter,  and 
taking  average  prices  of  ;£8o  and  ;£2o  per  ton  for  aluminium 
and  lead  ingot  respectively,  the  cost  of  metal  (again 
exclusive  of  working  up)  is  onl)'  £g^  per  mile.  The  draw- 
ing and  working  up  of  the  conductor  and  lead  would  be 
about  the  same  in  each  case,  as  the  larger  section  in 
aluminium  is  offset  by  the  smaller  number  of  wires  and 
the  lower  weight  of  lead  to  be  handled,  so  that  we  can 
safely  saj'  that  as  far  as  the  conductors  are  concerned, 
there  would  be  a  clear  saving  of  ;£53  per  mile  in  favour  of 
aluminium  under  these  conditions,  or  more  than  one-third 
the  cost  of  a  copper  conductor.  Turning  next  to  rubber- 
insulated  cables,  the  author  devotes  considerable  space  to 
discussing  ways  and  means  of  preventing  the  deterioration 
due  to  the  action  of  the  sulphur  in  vulcanized  rubber  on 
copper,  even  when  the  latter  is  protected  by  a  layer  of 
more  or  less  pure  tin.  It  is  of  course  well  known  in  the 
rubber  industry  that  aluminium  is  absolutely  unaffected  by 
the  sulphur  in  vulcanized  rubber,  and  good  use  has  been 
made  of  this  knowledge  in  recent  j'ears  in  the  designs  of 
mandrils  and  similar  apparatus  required  in  the  rubber 
industry,  aluminium  being  almost  exclusively  used  for 
these  purposes.  This  fact  has  also  led  to  the  employment 
of  aluminium  rubber-insulated  cables  in  many  difficult 
situations,  where  corrosion  of  the  copper  wires  was  to  be 
feared,  as  for  instance  in  sewage  work  ;  it  is  therefore 
rather  surprising  to  find  the  author  making  no  reference 
to  the  matter  in  his  paper.  The  same  remarks  apply  to 
bitumen  cables,  more  especially  when  strengthened  by 
the  addition  of  rubber  compounds,  and  for  this  class  of 
low-tension  cable  the  economy  in  favour  of  aluminium  is 
usually  very  marked.  Another  point  that  has  often  been 
overlooked  is  that  aluminium,  being  bulk  for  bulk  one-third 
the  weight  of  copper,  the  tendency  to  decentralize  at  high 
temperatures  is  divided  by  ihree,  as  the  pressure  per  unit 
area  is  only  one-third. 

Mr.  Beaver.  Mr.  C.  J.  Beaver  {ill  reply)  :  I  think  Mr.  Vernier  has 
rather  misinterpreted  my  remarks  regarding  the  standard- 
ization of  dielectric  thicknesses.    In  the  early  days  of  e.h.t. 


work,  the  standards  of  manufacture  and  scientific  know-  Mr.  Benvn 
ledge  of  the  numerous  considerations  involved  in  the 
production  of  e.h.t.  cables  were  not  greatly  out  of  pro- 
portion to  the  somewhat  empirical  lay-out  of  the  standards 
adopted.  In  fact  the  criticism  which  might  have  been 
expected  on  this  point  would  perliaps  have  related  to  tlie 
ease  of  being  wise  after  the  event.  The  reference  to  the 
old  Board  of  Trade  regulation  in  this  connection  is  not 
quite  fair,  because  at  the  time  it  was  made  no  higher  pres- 
sure than  2,000  volts  was  in  general  use.  It  will  be  inter- 
esting to  know  the  result  of  tlie  changing-over  from  11,500 
to  20,000  volts  of  the  cables  mentioned  by  Mr.  Vernier, 
and  I  would  specially  emphasize  the  importance  of  taking 
into  account  the  previous  history  of  these  cables  when 
judging  the  results.  I  refer  to  such  points  as  tlie  maximum 
and  average  current  densities  at  which  they  have  been 
worked,  troubles  which  had  previously  occurred  on  them 
due  to  working  conditions,  differences  in  voltage  wave- 
forms at  the  two  pressures,  and  so  on.  Mr.  Vernier's  views 
as  to  the  disadvantage  of  capacity  grading  by  varying  the 
composition  of  the  dielectric  material,  as  compared  with 
inter-sheath  grading  coincide  with  those  expressed  in  the 
paper,  but  his  objections  to  the  latter  method  on  account 
of  modifications  to  or  additions  of  external  apparatus  in 
connection  therewith  are  not  by  any  means  insuperable. 
In  fact  for  the  case  in  which  the  probability  of  the  use  of 
a  working  pressure  of  100  kilovolts  is  admitted,  i.e.  con- 
necting cables  for  extremely  heavy  loads,  these  grounds  of 
objection  will  be  reduced  to  a  minimum  because  the 
length  of  such  cables  v^'ill  not  be  so  great  as  to  necessi- 
tate the  insertion  of  condensers  or  compensators,  etc.,  at 
intervals. 

Mr.  Vernier's  view,  that  the  large  capacity  currents 
which  of  necessity  accompany  the  use  of  high-voltage  insu- 
lated cables  will  be  to  an  extent  beneficial  in  raising  the 
power  factor  of  a  system,  is  interesting  in  view  of  the  dread 
of  capacity  currents  which  has  been  expressed  by  other 
speakers  elsewhere  in  the  discussion.  It  is  of  course  a 
matter  of  degree,  depending  in  a  general  way  on  the  load 
factor  of  the  system.  Under  heavy  load  conditions  the 
proportion  of  plant  occupied  in  dealing  witli  tlie  capacity 
currents  in  a  given  case  would  be  small,  and  at  the  same 
time  the  beneficial  effect  on  the  power  factor  of  the  system 
would  be  at  a  maximum.  At  light  loads  the  reverse  would 
be  the  case,  with  the  additional  possibility  referred  to  by 
Mr.  Hunter  of  encountering  the  Ferranti  effect  due  to 
preponderance  of  leading  current. 

I  am  glad  to  have  Mr.  Vernier's  agreement  as  to  the 
desirability  of  using  some  such  method  as  Mr.  Adden- 
brooke's  of  observing  the  relation  between  power  factor  and 
test  pressure,  in  place  of  the  comparatively  crude  method  of 
simply  stressing  the  dielectric  by  the  application  of  a  test 
pressure  having  some  more  or  less  arbitrary  relation  to  the 
working  '.pressure.  Especially  is  this  desirable  in  the  case 
of  heavily  insulated  cables,  on  account  of  the  effects 
referred  to  in  the  paper  under  the  heading  of  "  Time 
element  in  pressure  tests." 

In  reply  to  Mr.  Vernier's  questions  on  the  method  of 
impregnating  paper,  the  process  referred  to  in  the  paper 
as  preferable  [Paper  Insulated  Cable.  Section  i,  sub- 
section (6)]  was  used  for  tlie  100  kv.  cable,  and  has  been 
used  commercially  for  the  past  17  years  in  cables  for  all 
voltages,  with  satisfactory  results. 
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\\  ^iice  to  the  corrosion  of  lead  sheaths  in  con- 

tact with  wooden  bridges,  the  case  instanced  by  Mr. 
X'crnier  does  not  appear  to  me  to  be  strong  enough  to 
refute  my  statement  that  serious  cases  of  corrosion  at 
m-ooden  bridges  are  invariably  due  to  electrolysis  and  not 
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general  character  of  the  action  may  be  briefly  stated  as 
follows  : — 

Tlie  effect  of  coal  gas  on  many  of  the  compounds  is 
similar  to  that  of  a  solvent,  producing  (more  or  less  super- 
ficially) a  very  viscid  solution  wliicli  will  tend  to  flow, 
exposing  a  less  saturated  surface  which  in  turn  absorbs 
more  gas.  In  general,  as  might  be  expected,  the  heavier 
constituents  of  the  gas  are  absorbed,  but  in  some  materials 
there  would  appear  to  be  a  selective  absorption  of  both 
light  and  heavy  constituents,  as  shown  by  gradually  raising 
the  temperature  of  exposed  specimens  in  a  flash-point  test 
apparatus,  when  flashing  may  he  observed  over  either 
a  long  or  short  range  of  temperature,  or  may  occur  over 
a  low  temperature  range,  followed  by  a  range  over  which 
no  flashing  takes  place,  and  in  turn  succeeded  by  another 
range  giving  continuous  flashing  corresponding  to  heavy 
constituents  absorbed. 

The  effect  on  rubber  is  well  known  (laboratory  gas- 
tubing  affording  an  instance  showing  absorption  with- 
out softening),  and  vulcanized  bitumen  may  be  broadly 
considered  similar.  In  cables,  however,  there  is  practi- 
cally always  in  contact  with  the  vulcanized  bitumen  some 
material  (such  as  tape  serving  compound)  which  tends 
to  become  liquefied  b}'  the  absorption  of  gas,  and  this 
tends  to  soak  into  the  vulcanized  bitumen.  This  might 
give  the  casual  observer  (by  comparison  with  a  part  which 
has  not  been  exposed  to  the  gas)  the  impression  that  the 
vulcanized  bitumen  had  been  slightly  dissolved,  but  ex- 
posure of  the  vulcanized  bitumen  itself  shows  no  softening 
in  the  sense  of  solution  or  liquefaction,  which  would  tend 
to  allow  it  to  lose  its  shape  or  resiHence. 

Professor  Thornton's  remarks  on  endosmose  are  interest- 
ing, particularly  as  regards  their  bearing  on  the  results  of 
Mr.  Vernier's  comparison  of  alternating  and  continuous 
currents.  I  would  point  out,  however,  that  it  is  not  correct 
to  regard  a  wall  of  vulcanized  bitumen  as  a  "  membrane," 
as  the  word  implies  a  chemical  composition  and  physical 
structure  which  is  very  different.  It  is  possible  that  a  large 
part  of  the  misconception  which  exists  in  connection  with 
the  electric  endosmose  effect  as  a  factor  in  the  development 
of  cable  faults  is  due  to  lack  of  distinction  between  what 
happens  with  a  membrane  through  which  diffusion  may 
occur,  or  a  porous  diaphragm,  and  a  dielectric  material 
which,  if  sound  and  homogeneous,  has  the  properties  of 
neither.  It  is  explained  in  the  paper,  and  I  think  proved, 
that  it  is  necessary  to  have  a  fault  at  least  in  an  incipient 
state  before  appreciable  electric  endosmose  can  occur.  It 
may  be  argued  that  the  matter  is  one  of  degree,  but  it 
seems  certain  that  the  degree  is  outside  the  range  of 
practical  conditions. 

With  regard  to  the  action  of  coal  gas  on  bituminous 
substances,  Professor  Thornton's  remarks  are  perhaps 
jfficiently  dealt  with  in  my  reply  to  Mr.  Vernier. 
The  development  of  Professor  Thornton's  work  on  the 
relation  between  thickness  and  breakdown  voltage  in 
dielectrics  will  be  eagerly  looked  forward  to  by  those 
interested  in  the  subject.  The  glimpse  that  he  has  given 
us  of  his  conceptions  of  the  mechanism  of  the  breakdown 
process  is  extremely  interesting,  and  although  difficult  to 
demonstrate  electrically  in  the  absence  of  an  ideal  dielectric, 
the  molecular  collapse  or  subversion  which,  in  effect,  he 
pictures,  has  its  parallel  in  certain  chemical  actions. 

He  rightly  lays  stress  on  the  importance  of  heat  con- 


ductivity in  dielectrics,  and  I   would  point  out  that  the  Mr. 
method  of  grading  by  varying  the  capacity  and  therefore 
the  composition  of  layers  of  dielectric  material  tends  to 
disregard  this. 

I  think  Mr.  Maccall's  question  as  to  the  relative  costs  of 
the  two  conductors  shown  in  Figs.  3  and  4  arises  from  a 
misapprehension.  The  facts  of  the  matter  are,  tliat  for 
given  conditions  of  working  pressure  and  maximum  stress 
in  the  dielectric  there  is  a  certain  radius  of  conductor 
which  gives  the  most  economical  cable.  The  required 
conductor  area  depends,  of  course,  on  the  horse-power  to 
be  transmitted,  and  at  very  high  pressures  the  area  corre- 
sponding to  the  most  economical  radius  will  usually  exceed 
the  area  required  for  conducting  purposes.  It  is  therefore 
economical  to  construct  the  conductor  in  hollow  form, 
and  for  reasons  connected  with  the  maintenance  of  the 
cylindrical  shape  of  the  stranded  conductor,  the  construc- 
tion shown  in  Fig.  3  is  found  to  be  preferable.  Given 
these  conditions.  Fig.  4  simply  illustrates  that  for  the  same 
conditions  of  working  pressure  and  dielectric  stress  split 
conductors  with  the  requisite  amount  of  insulation  between 
them  may  be  embodied  without  interfering  with  the  con- 
ductor-radius conditions.  Relative  costs  are  not  neces- 
sarily therefore  of  anj'  interest  unless  one  is  comparing 
two  propositions. 

Mr.  Maccall's  criticism  with  reference  to  the  half-way 
position  of  tlie  inter-sheath  in  the  dielectric  of  the  single- 
core  inter-sheath  cable  is  quite  sound  from  the  theoretical 
point  of  view.  The  explanation  of  the  slight  departure 
from  the  theoretically  best  position  is  that  it  is  preferable 
from  the  cable  manufacturer's  point  of  view  to  deal  with 
two  equal  thicknesses  of  dielectric  rather  than  thicknesses 
which  differ  by  60-70  per  cent,  which  would  be  the  case  if 
the  inter-sheath  were  accurately  placed  in  the  best  position 
from  the  stress  point  of  view  in  the  cable  in  Fig.  5  referred 
to  by  Mr.  Maccall.     The  following  theoretical  figures,  in 
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Inter-slieatli 
in  Dielectric 
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Covering 

r 

R 

I 

1/4 

20-5  ■ 

54-5 

(>-si 

32'9 

2 

I -5/4 

25-9 

49-1 

6-28 

31-4  . 

3 

2/4 

3i'35 

43-65 

6-33 

31-7 

4 

2'S/4 

37-5 

37'5 

6-65 

33-3 

which  the  thickness  of  inter-sheath  has — for  the  sake  of 
simplicity— been  ignored,  show,  however,  that,  keeping  to 
the  R/r  ratio  of  5,  the  value  of  r  is  little  affected  by  moving 
the  position  of  the  inter-sheath  within  fairly  wide  limits. 
The  value  of  R  is  therefore  only  slightly  varied,  and  the 
degree  to  which  the  overall  diameter  and  consequently 
the  cost  of  the  cable  is  affected  by  this  concession  to 
manufacturing  considerations  is  almost  inappreciable. 
They  also  show  the  effect  on  the  voltages  between  the 
conductor  and  inter-sheath,  and  between  the  inter-sheath 
and  the  overall  lead  sheath  of  the  cable. 
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r.  Bca«r.  take  up  a  position  in  electrical  work  which  will  lie  approxi- 
mately determined  by  the  balance  of  its  advantages  and 
disadvantages. 

With  regard  to  Mr.  I'iercy's  reference  to  aluminium 
being  unatTected  by  the  sulphur  in  vulcanized  rubber,  he 
would  appear  to  have  missed  the  chief  significance  of  the 
reference  in  the  paper  to  rubber  in  contact  with  aluminium. 
The  action  of  sulphur  on  a  rubber-insulated  conductor  is 
a  comparative!)'  insignilicant  matter,  the  chief  virtue  of 
aluminium  being  that  it  does  not  act  catalytically  as  an 
oxygen  carrier  to  the  rubber  as  copper  does. 

Mr.  Piercy's  further  remarks  on  rubber-insulated  alu- 
minium  cables  appear   to   be   made   with   the  object  of 


finding  ground  for  the  surprise  he  expresses  that  no  Mr.  Ucnvcr. 
reference  to  such  cables  is  made  in  the  paper.  It  is  surely 
straining  the  point  to  say  that  aluminium  has  been  used 
as  a  conductor  for  rubber  -  insulated  cables  where  cor- 
rosion of  the  conductor  metal  has  been  feared.  Sewage 
and  the  like  should  not  reach  the  conductor  if  it  is  really 
well  insulated. 

The  bulk-for-bulk  comparison  of  aluminium  with  copper 
mentioned  by  Mr.  Piercy  in  his  reference  to  bitunitn  cable 
seems  to  lack  point,  as  the  basis  of  comparison  should  be 
conductivity  for  conductivity,  and  even  thL-n  the  com- 
parison as  regards  mechanical  pressure  on  the  dielectric 
due  to  weight  is  not  accurate. 


Scottish  Local  Section,  12  January,  1915. 


Mr.  D.  .\.  Starr  :  The  subject  dealt  with  is  one  of  great 
importance,  and  this  paper  appeals  especially  to  those  who 
are  engaged  in  the  generation  and  transmission  of  electric 
power  for  industrial  purposes  over  an  extended  area. 
It  is  unfortunate  that  the  author  has  confined  his  remarks 
so  largely  to  paper-insulated  cables  intended  for  trans- 
mitting energy  at  pressures  far  beyond  the  range  of 
present-day  practice  in  this  countr\'.  It  is  a  verj'  doubtful 
point  as  to  whether  in  Britain  a  50  or  100  kw.  transmission 
scheme  could  be  justified.  The  plant  capacity  required 
for  charging  the  cables  alone  would  present  difficulties 
which  considerations  of  sound  finance  could  scarcely 
surmount.  Having  regard  to  our  extensive  coalfields  and 
our  readily  accessible  seaboard  it  would  seem  to  be  a 
sounder  proposition  to  select  a  power-station  site  with 
abundant  condensing  water  and  the  use  of  sea-borne  coal 
with  its  low  freight  charges,  and  to  generate  at  a  pressure 
not  exceeding  20,000  volts,  rather  than  to  select  a  site  at  a 
remote  coal-field  and  transmit  at  50,000  or  100,000  volts. 
Had  we  a  Niagara  or  Victoria  Falls  within  the  United 
Kingdom  the  case  of  course  would  be  different  and  the 
author's  visions  might  more  readily  have  materialized. 
The  Thury  constant -current  system  as  applied  to  the 
Metropolitan  Electric  Supply  Company's  area  for  variable 
pressure  up  to  100,000  volts  is  of  course  an  excep- 
tional case.  One  cannot  but  feel  that  this  system  has  a 
very  limited  field  of  application  on  account  of  the  difficulty 
of  applying  to  it  any  of  the  modern  systems  of  protective 
devices  which  alone  can  ensure  reasonable  continuity  of 
supph'.  The  design  for  a  single-core  conductor  shown  in 
Fig.  3  may  be  satisfactory  from  the  standpoint  of  the 
designer  and  even  from  the  standpoint  of  the  manufac- 
turer, but  any  engineer  who  adopted  it  for  his  transmission 
cables  would,  I  am  afraid,  have  very  solid  reasons  for 
regretting  his  choice.  Let  us  consider  this  design  for  a 
moment  -nd  see  what  we  have  got.  First  of  all  we  have 
tv.'o  elements,  copper  and  lead,  each  with  a  different 
coefficient  of  expansion.  It  seems  more  than  likely  that 
with  a  high  current-density  the  heating  of  the  conductor 
would  lead  to  the  permanent  deformation  of  the  lead  lining 
and  sleeve,  more  especially  when  it  is  borne  in  mind  that 
lead  has  little  or  no  resiliency.  A  second  and  fatal  objec- 
tion is  the  air  space  in  the  centre  of  the  conductor.  In  the 
descriptive  matter  relating  to  the  vitrified  porcelain 
spreaders  shown  in  Fig.  16  a  special  point  is  made  of 
the  fact  that  these  spreaders  are  shaped  to  resist  any 
tendency  to  trap  air  or  gases,  and  yet  in  Fig.  3  we  find 


a  formation  of  conductor  which  actually  embraces  an  air  Mr.  Slarr. 
cavity  as  an  essential  feature  of  the  design.  It  is  a  common 
experience  with  3-core  paper-insulated  cables  which  have 
been  so  built  as  not  to  exclude  all  interstices  in  which  air 
may  find  a  lodgment,  that  serious  troubles  arise  at  the  end 
boxes  due  to  the  imprisoned  air  expanding  under  rising 
temperature.  This  air  finds  its  easiest  escape  through  the 
compound  in  the  end  boxes,  leaving  a  pinhole  in  its  path 
through  which  damp  air  may  be  drawn  when  the  temper- 
ature of  the  cable  returns  to  normal.  Very  often  the 
end-box  design  is  blamed  for  what  is  really  •a.n  inherent 
defect  in  the  cable  design  or  manufacture.  Perhaps  the 
author  would  give  some  furtlier  particulars  as  to  what 
constitutes  a  good  paper  for  use  as  a  dielectric.  I  know 
the  general  impression  amongst  engineers  in  this  country 
is  that  pure  Manilla  paper  only  should  be  used.  When  I 
was  at  his  works  in  Switzerland  a  year  or  two  ago. 
Dr.  Borel  stated  that  he  considered  a  pure  Manilla  paper 
to  be  much  inferior  to  Manilla  with  a  small  proportion 
of  wood  pulp.  He  at  the  same  time  expressed  the 
opinion  that  pure  Manilla  paper  was  not  sufficiently 
porous  to  absorb  the  necessary  quantity  of  the  insulat- 
ing oil  or  compound,  and  that  from  his  experience, 
extending  over  many  j'ears,  he  did  not  approve 
of  pure  Manilla  paper.  Regarding  the  case  of  alleged 
mechanical  damage  at  Manchester,  it  would  appear  that 
the  trouble  experienced  is  more  likely  to  be  caused  by  the 
accession  of  moisture  through  the  joints  in  the  troughing, 
assisted  probably  by  the  presence  of  cable  supports.  It 
seems  highly  improbable  that  the  cable  and  troughing 
would  be  displaced,  as  obviously  the  ground  under  the 
troughing  must  have  yielded  by  a  corresponding  amount. 
The  corrosion  of  lead  sheathing  at  troughing  joints  is  no 
new  phenomenon,  and  can  easily  be  got  over  by  a  modifi- 
cation of  the  design  of  support  used  for  keeping  the  cable 
central  with  the  troughing.  The  author  refers  in  this 
connection  to  the  wooden  bridge-pieces  serving  as  a 
conductor.  This  in  itself  is  no  disadvantage.  The  real 
danger  in  wooden  bridge-pieces  lies  in  the  fact  that  it  is 
almost  impossible  to  eliminate  the  free  acids  in  the  wood. 
Steel  is  used  in  the  Ruthven  Murray  bridge-piece,  and  the 
support  is  so  shaped  as  to  sling  the  cable  from  the  sides  of 
the  trough.  Regarding  bitumen  cables  there  is  one  point 
which  is  sometimes  overlooked,  namely,  that  owing  to  the 
temporary  failure  of  an  important  feeder  the  remaining 
feeders  may  be  required  to  transmit  considerably  more 
than  their  normal  current  for  several  hours.     Whilst  paper- 


DISCrsslON   ON   "CAHLES." 


vl/J 


iuMiUled  cabl<r«  cut  wtltulatid  kuch  abnormal  cundilioiit 


I 


irmal  cun 

clili»ii> 

lire- 

Ul. 

..m-    ' 

Uli' 

IWl 

(o 

r 

tboM?  rr»(HMi»it>(e  i 

■   ;■>'.     In  wjiuc  wiwAii.'iii 


f'lr    Ml    M   : 


^1.    J.    U. 
dr^uie    with 


1: 


M     ^' 


■•<> !   Ttic    xrclioii    ot    Ihc     |vt|«er 
tciiiuuii    cjl>U-i>,   while   ul    K'<^>( 


Ki^.  4  on  page  >>>  i^  - 

I,. I..  ,.l.-,   to   the    . 

.1  :  ^  diinrn^ 

I  t;  III  .III 

I  rn   the 

V 

1 


■.xon  ol   the  U 


lallv 


l>ii   -  .         _  lubbcr, 

.111(1  bitumrn,  as  applietl  in  cable  construction,  could  well 
have  occupied  a  paper  by  themselves.     The  infurm.ilioii 
given  will  be  oi  service  to  many.     I  am  not  sure  that  I 
can  interpret  the  meaning  of  the  curves  of  FifJ.  lo  (page 
Ml),   but   perhaps  the  author  will  explain  their  seemingly 
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It     ,:.-..  I     ;  .  :     .-L-,  but  irregular   in   ils   iiicuicnce  and 
>« .    u  til!. I  ^  jH  r  ni.iiu  ut  in  its  effect  upon  length  as  measured 
between  dctinite  points  ?    The  lead  sheathing  of  cables  is 
returning  to  its  own  again  now  that  safeguards  are  provided 
against  leakage  of  current  to  and  from  the  sheath  ;  but  the 
1!  .of  lead  and  its  consequent  tendency  to  harden 

and  crack   under    mechanical    stresses   due    to 
;:  iation,  or  rough  handling,  some- 
\.  >s.        Kquiix>lenlial    points    also 

jrcierretl  to  on  p;ige  09)  alter  not  only  with  the  growth  of 
a  network  but  hourly  with  the  diversity  of  the  load.     It  is 
disconcerting    to   hear  of    the   hydrolysis  of    vulcanized 
bitumen,  but  I  still  imagine  that  moisture,  even  if  slightly 
alkaline  but  without  current  leakage,  will  not  deeply  injure 
\  within  any  period   of   time   likely   to 

I    who    lays  the    cable.     In    all    kinds 
ol  v.al>le  1  set  stoic  by  the  lilhiig  of  inli  ween  the 

wires  of  the  core.     Moistuic  drawn  in:  ilive  core 

by    cipiUary   attraction    is  apt   to   be   driven  by   electric 
exoainutic  action  radially  outwards   against   and   perhaps 
into  the  dielectric.     There  is  need  also  for  non-hygroscopic 
■    '  to  take  the  place   of   tapie  and  braidings.     Fig. 

.in  iuteresiini<   curve  :   it   almost   suggests   that 

for 

;  ^ive 

1  ilioii   as    lo   the   luuluai  chemical 

1    of   bitumen   and   rubl>er   when 

ther  and  al»o  when  the  former  is  merely  used  as 

.......  vjver  (•'■    i.ii.r      I  should  he  glad  also  to  know 

Ml  >ie   of    the    ;  of    what   is   known   as  cab-lyre 

In  ii'.i  ■  ■  '        '  w  on 

:,  or  in  ni  1,  it 

M.c:!ii   likely   to   prove    itself   a   distiiui   aJdiliuii    to   the 


t.     The  cable  in  question  wi^ 

t..,..o  ,..■,  l>e  drawn  into  a  4  in  -*'"  '     "^ 
It  could  l>e.    T'le  limiting  sixe  »< 
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voltages  will  kx-  ol  o'l  sq.  in.  and  01  al 

area.     That   may  be  so,  but  there   ,  ge 

amount  of  0*2  sq.  in.  cable  used  al^,  and  now  we  bear  of 
Manchester  going  in  for  025  sq.  in.  ca'-'-  ^'-v  if  the 
split-conductor   system  of   protection  c.  cly  into 

use,  this  will  have  the  effect  oi  the 

dimensions  of  cables.     It  has   !  lat 

ll,ooo-volt   cable   made  to   Brr.  >rk 

quite  safely  at   jo.ooo  volts.      1 1  'if 

that  opinion  is  correct.     On  page  »»S  the   .  at 

there  is  a  much  better  dunce  of  making  .1  ,   int 

watertight  than  a  cast-iron  box.  1  Uke  it  that  he  refer*  to 
the  difficulty  in  sealing  the  box  at  the  ends  ;  !-  ■  •'— •  the 
wiped  joints  on  lead  sleeves  cannot  always  bi  jo. 

Even  if  the  hlglK•^t  cl  n» 

often   .ire  such  iIki!  In 

I",  la-no w    this   d:  00 

sleeve  is  used,  tlu  ad 

I   and  armour  of  the  cable  by  means  i :  in 

'    a  molten  state  is  run  into  a  mould  i .    ,.*blc 

and  sleeve.  An  absolutely  watertight  joint  is  obtaiocd, 
which  will  stand   >  "         "  lOO  lb.     .\lso  DO 

spcc1.1l  lalxjur  i-  incertaintv  as  to 

the  result   as  in    iJic  case  oi    .  an 

I    make  them  after  a  ver^-  little  ■  ire 

used  not  only  for  hi..  ^e» 

'    upon  low-tension  lea.;  .«id 

direct  in  the  ground.     I  am  interested  in  the  1*- 

trated  in  Fig.  15.     I  think  the  method  very  .  <.-d. 

The  separator  which  is  used  in  tlUsgow  i>  iie 

hues,  but    i:  !  of   six.     I  th  '.lie 

author    l'>;r  should   l>e  ei  .11- 

ti: 

II  -^ 

elu..     .-  «o 

roe  that  some  fo:  ic  to  he  i                              ig 

th.  •'■'•  ^• 

A  -»c 

to  l«Xo:ilc  displaced  .  I  u'-'  liol  ku.'W  w,..i!  uui:.    .1  :-  .i-<«l 
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Mr.MUcheU.  of  locking  the  outer  part  of  the  spacer  to  the  inner.  I 
think  that  with  the  separator  in  one  piece,  which  is  slipped 
over  the  cores  before  the  ends  are  sweated,  the  paper  is 
not  strained  nor  are  tlie  cores  displaced  to  tlic  same  extent. 
The  author's  theory  that  the  corrosion  of  lead  coverings, 
notably  in  contact  witli  wood  saddles,  is  due  entirely  to 
electrolysis  may  be  the  correct  one.  I  formed  the  impres- 
sion at  one  time  from  my  own  experience  lliat  the  sap  in 
the  wood  accounted  for  tlie  corrosion  and  that  the  action 
was  chemical.  It  was  found  that  when  oak  was  used 
for  tliis  purpose  the  corrosion  was  rapid.  When  the  oak 
was  changed  to  ordinary  white  wood  the  action  still  went 
on  but  very  slowly.  Admitting  that  the  lead  covering  of 
the  cable  would  from  time  to  time  become  alive,  and  that 
the  cast-iron  troughing  in  use  made  a  good  earth,  the 
author's  theory  is,  I  think,  borne  out.  With  reference  to 
rubber  cables,  I  regret  to  learn  that  their  maxmium 
strength  and  elasticity  are  not  compatible  with  maximum 
insulation  resistance,  and  that  unscrupulous  manufacturers 
can  so  fake  rubber  that  while  improving  its  mechanical 
properties  the  insulation  resistance  will  not  only  be 
reduced  but  the  rubber  become  an  absorbent  of  moisture. 
A  supply  authority  in  testing  samples  of  cables  submitted 
must  rely  for  the  most  p.irt  on  mechanical  tests.  These 
tests  need  not  be  severe.  For  instance,  it  is  known  that 
the  rubber  on  a  cable  carried  round  a  sharp  bend  is 
stretched  to  twice  its  original  length  at  the  outer  part  of 
the  bend.  Surely,  then,  it  may  be  stipulated  that  a  sample 
of  rubber  under  test  must  stretch  to  twice  its  length  with- 
out breaking.  It  is  only  by  tests  of  this  description  that 
inferior  grades  of  cable  can  be  kept  out.  Referring  to  the 
tinning  of  copper  wires,  I  am  not  quite  clear  as  to  the 
author's  meaning  when  he  speaks  of  the  appearance  of 
the  tinning  after  the  cables  have  been  removed  from  the 
vulcanizing  chamber.  Is  it  the  tinning  only  which  is 
under  suspicion  when  it  has  a  silvery  bright  appearance, 
or  must  we  also  suspect  the  quality  of  the  rubber  ?  In  a 
paper  read  some  years  ago  by  the  author  on  rubber  cables 
for  interior  wiring,  he  made  the  same  statement,  viz.  that 
perfectly  white  tinning  should  be  regarded  with  suspicion. 
If  the  tinning  only  is  at  fault  when  bright,  does  this  point 
to  an  undue  proportion  of  lead  in  the  tin  ?  With  regard 
to  bitumen  cables,  the  results  obtained  in  Glasgow  with 
cables  of  this  description  have  been  excellent  in  cases 
where  the  solid  system  has  been  used,  but  when  drawn 
into  ducts  the  results  have  been  unsatisfactor}',  more  par- 
ticularly with  small  cables.  The  arc-lamp  circuits  over 
the  whole  city  were  composed  of  bitumen  cables  drawn 
into  iron  pipes.  The  bitumen  was  found  to  crack  in  some 
cases  and  to  soften  in  others.  Breakdowns  have  been 
frequent,  and  a  considerable  quantity  of  the  original  cable 
has  ha.;  to  be  taken  out.  The  author's  statement  that 
vulcanized  bitumen  is  not  affected  by  coal  gas  is  interest- 
ing. I  think  tlie  worst  failure  of  bitumen  cable  expe- 
rienced by  us  was  in  the  case  of  one  of  the  arc-lighting 
cables  already  referred  to,  which  was  in  a  pipe  kept 
continuously  full  of  gas  for  some  considerable  time  from  a 
leaky  gas  main  in  the  vicinity.  This  piece  of  cable  was 
drawn  out  with  the  bitumen  in  a  jellied  condition,  this 
condition  being  attributed  to  the  presence  of  coal  gas. 
This  is  only  one  of  several  instances  which  have  been 
brought  to  my  notice  of  the  apparent  softening  of  bitumen 
cables  from  the  action  of  coal  gas. 


Mr.  A.  F.  Stevenson  :  In  the  discussion  on  Dr.  Russell's  Mr. 
paper*  Mr.  G.  H.  Nisbett,  who  has  had  considerable 
experience  with  extra-higli-tension  cables,  was  of  the 
opinion  that  there  was  no  evidence  that  small-conductor 
e.h.t.  cables  broke  down  more  readily  than  others  in  spite 
of  their  higli  surface  curvature  and  usually  thinner  di- 
electrics, l-l^ow  can  the  inner  layers  of  insulation  be 
broken  down  if  the  outer  part  is  intact  ?  Where  does 
the  current  wliich  has  penetrated  the  inner  layers  go  to  ? 
Paper  is  not  a  gas  ;  there  is  no  brush  discharge  or  similar 
effect  which  would  be  necessary  if  there  were  any  need 
for  enlarged  conductors.  To  use  the  old  hydraulic  analogy  : 
consider  a  cast-iron  pipe  of  i/io  in.  bore  and  5  in.  walls 
carrying  water  at  loo  tons  per  square  inch.  According  to 
Dr.  Russell's  reasoning  the  metal  near  the  bore  ought  to 
be  crushed  to  powder,  but  we  know  that  that  would  not 
happen  on  account  of  the  backing  of  materials  which  is 
not  stressed  beyond  the  breaking  point.  In  the  same  way 
with  a  cable,  as  long  as  the  stress  in  the  outer  layers  is 
not  greater  than  the  dielectric  strength  of  that  material 
no  breakdown  will  occur,  no  matter  how  the  inner  layers 
are  stressed.  In  practice  the  outer  loo  mils  could  be 
worked  at  50  kilowatts  per  centimetre.  The  stress  on 
tlie  inner  layers  may  be  limited  by  hysteresis  heating  only. 
Throughout  the  remainder  of  the  paper  the  author  is  on 
solid  ground.  The  only  cases  of  non-electrolytic  corrosion 
of  bitumen  that  I  have  encountered  occurred  near  alkali 
waste-heaps,  urinals,  and  mews  ;  free  alkali  in  every  case. 
The  non-soapy  softening  effect  is  very  interesting  to  me, 
as  I  experienced  one  case  and  was  completely  baffled 
by  it.  It  occurred  in  a  colliery  shaft  after  many  years  in 
a  steamy  atmosphere.  I  prefer  a  slow  extension  test  at 
22°  F.  for  bitumen,  as  bending  in  laying  causes  a  slow 
extension.  Any  engineer  who  allovi^s  it  to  receive  blows 
or  shocks  deserves  faults.  The  penetration  test  is  a  very 
sound  idea. 

Mr.  E.  V.  P.iNNELL  {communicaled) :  Although  the  use  Mr.  Pam 
of  75-kilovolt  underground  cables  would  not  appear  to  be 
a  matter  of  the  immediate  future,  the  study  of  the  con- 
struction of  conductors  for  these  high  pressures,  as 
described  by  the  author  on  pages  58  and  59,  is  of  consider- 
able interest.  I  believe  that  with  the  development  of  over- 
head-line engineering  in  Canada  the  field  for  underground 
cables  at  exceedingly  high  pressures  will  be  very  limited 
and  confined  to  pressures  ranging  from  10  to  33  kilovolts. 
For  these  voltages,  however,  the  radius  of  the  core  must 
be  increased  beyond  that  necessitated  by  considerations  of 
conductance,  as  explained  by  the  author,  and  in  this  field 
the  use  of  an  aluminium  core  instead  of  a  copper  core  has 
already  received  consideration.  For  the  same  conductance 
an  aluminium  cable  will  have  a  radius  just  30  per  cent 
greater  than  the  equivalent  copper  cable.  Considering  a 
given  size,  say  a  O'093  sq.  in.  cable  for  a  pressure  of 
30,000  volts  (R.M.S.),  the  voltage  gradient  in  the  dielectric 


where  r  =  radius  of  the  core 


is  given  by  — ; -. — ; — tt,  , 

°  ■'  r  log  (/-  -f-  d)lr' 

and  d  =  thickness  of  the  dielectric.     In  an  actual  instance 

in  which  an  aluminium  cable  was   used,   the  equivalent 

cross-section  of  the  cable  was,  as  above,  o'093  sq.  in.     The 

actual  cross-section  in  60  per  cent  aluminium  was  o'i55 

sq.  in.  ;  therefore  r  =  0'2S6  in.  and  d  =  0'5i2  in.  Hence  the 

*  A.    Russell.      The   dielectric   strength   of    insulating   materials. 
Joiinuil  /.£.£.,  vol.  40,  p.  6,  190S. 
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I  ii>  in  f:ivour  of   increasing  the  pressure  to  50 

V.ii.\.'ii^.     It  would  therefore  not  -  ''    .'ether  prema- 

ture tor  a  cablc-niakcr  to  (Ji\  c  M>nu  :  as  to  how  he 

v^  (o  dcoi  with   hit  pxit  ul  iticM-  problems. 

\'-  !o   Mr   Slarr's  remarks  on  the  matter  of 

«• 11   with  insulated  cables  for 

vi  ecu  inlerestin};   to   note   the 

•'  which  have  been  expressed  on  this 

s;..  —  .  ..^ .  ..„,  from  the  view  that  the  amount  of 
plant  required  for  charging  current  alone  would  be  a  com- 

ilat 
.1  in 
■•  u  >ysUiii.  The  tiulii  i'iubably 
'"U  in  any  case  it  is  a  matter 
.1  factor  in  determining  the 
Ic  will  be  used,  either  for 
feeding  overhead  lines  or  conoccting  large  sources  of 
pow«r,  and  will  settle  itself  on  an  economic  basis. 

In  reply  to  Mr.  Starr's  very   practical  criticism  of  the 
•'  users  (>oint  of  view.  I 

t  1  trouble  (rom  heating 
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•'  'lue   to   the   difference 
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Mr.  Bciver.  Unfortunately,  space  did  not  permit  of  details  of  this 
arrangement  being  shown  in  the  paper,  hut  they  were  suffi- 
ciently taken  care  of  in  the  actual  experiments.  Mr.  Munro's 
remarks  with  regard  to  the  value  of  lead  sheathing  when 
safeguarded  against  the  causes  of  its  early  troubles  are  very 
true,  and  they  will  be  found  to  apply  to  other  materials  in 
exactly  the  same  way  now  that  the  nature  of  the  effects  of 
various  deteriorating  agencies  are  understood.  The  whole 
field  of  deteriorating  effects  and  their  remedies  may  be 
divided  under  three  headings  ;  (a)  The  detection  of  the 
effects  ;  (6)  the  determination  of  their  character  and 
origin  ;  (c)  the  application  of  preventive  measures  based  on 
(ii)  and  (6).  The  safeguarding  of  lead  coverings  has  been 
dealt  with  more  easily  because  (o)  and  {h)  were  more 
simple  than  in  the  case  of  vulcanized  bitumen. 

Mr.  Munro  rightly  attaches  value  to  solid  strand  filling 
and  non-hygroscopic  coverings,  though  in  most  cases  where 
the  function  of  outer  coverings  is  simply  mechanical  there 
is  no  reason  why  tliey  should  not  be  in  the  cheap  form  of 
more  or  less  hygroscopic  substances  served  with  preserva- 
tive compounds.  The  e.xosmotic  action  referred  to  by 
Mr.  Munro  is  not  so  well  appreciated  as  it  should  be.  In 
the  first  place,  the  atmospheric  conditions  which  can  pro- 
duce condensation  of  moisture  at  exposed  ends  occur 
much  more  frequently  than  would  be  supposed,  and  it 
frequently  happens  that  moisture  is  accumulated  in  strands 
of  rubber  cables  near  unsealed  ends  in  this  way.  In  the 
presence  of  the  free  sulphur  in  the  rubber,  acid  products 
maj'  be  formed  which  attack  conductors,  forming  sub- 
stances which  crystallize  out  and  force  their  way  into  the 
rubber.  Incipient  faults  thus  formed  are  subject,  on 
positive  cables,  to  exosmotic  action,  which  slowly  develops 
them. 

In  further  reply  to  Mr.  Munro,  bitumen  in  admixture 
with  rubber  gives  no  appreciable  advantage  from  the 
physical  or  electrical  standpoints,  and  would  therefore  be 
regarded  according  to  present-day  views  as  more  or  less  of 
an  adulterant.  From  the  point  of  view  of  chemical  pro- 
tection, it  is  of  some  considerable  value.  This  is  due 
rather  to  the  more  inert  character  of  the  bitumen  than  to 
any  chemical  combination  between  the  bitumen  and  the 
rubber.  When  bitumen  is  used  as  a  sheath  there  is  no 
mutual  action  between  the  bitumen  and  the  rubber,  the 
bitumen  merely  acting  as  a  non-hygroscopic  layer  of  pro- 
tective material.  As  stated  in  the  paper,  vulcanized 
bitumen  is  remarkably  inert  to  atmospheric  and  purely 
chemical  action,  and  this  statement  can  hardly  be  said  to 
apply  to  rubber,  although  if  specially  designed  for  this 
purpose  the  degree  to  which  rubber  can  be  made  to  resist 
such  actions  may  be  mucli  improved  as  compared  with 
rubber  made  specially  to  fulfil  other  conditions.  There  is 
a  parahel  case  in  soaps. 

Mr.  Mitchell's  remarks  as  to  practical  limits  of  cable 
dimensions  appear  generally  to  coincide  with  the  views 
expressed  in  the  paper.  With  regard  to  the  maximum 
size  of  conductor  for  a  working  pressure  of  30  kilovolts,  I 
think  it  will  be  found  in  practice  that  from  the  economical 
Iciiuing  aspect  the  best  results  will  be  obtained  from  sizes 
less  than  0-25  square  inch,  or  even  0-2  square  inch,  and 
that  therefore  no  great  difficulties  will  arise  which  will 
entail  short  draw-lengths.  The  question  of  increasing  the 
working  pressure  on  existing  cables  from  11  kilovolts  to 
20  kilovolts    is   merely    one    of   factors  of  safety,  but  as 


mentioned  in  my  reply  to   Mr.  Vernier,''-  care  should  be  Mr.  Uc 
taken  to  ensure  tliat  all  probable  sources  of  weakness  are 
dealt  with  before  the  change-over  is  made. 

Mr.  Mitchell's  joint,  with  cast-lead  ends  on  a  cast-iron 
sleeve,  is  excellent,  but  in  my  experience  there  is — with 
present-day  workmanship  —  little  or  no  trouble  with 
ordinary  wiped  joints  on  cast-lead  sleeves.  The  chief 
trouble,  with  sleeves  made  from  sheet  or  tube  lead,  used 
to  arise  from  imperfections  in  dressing  down  the  ends  of 
the  sleeve  to  fit  the  lead  sheath  of  the  cable.  The 
difficulty  of  making  this  reduction  in  diameter  with  com- 
paratively thin  lead  caused  a  tendency  for  folds  or  pleats  to 
be  formed,  over  which  it  was  practically  impossible  to  wipe 
efficiently.  Consequently,  minute  channels  through  the 
wipe  were  left  for  water  to  creep  through,  and  to  tliis  . 
many  faults  have  been  traceable.  The  more  substantial 
cast-lead  sleeve  with  ends  already  shaped  so  that  little 
dressing-down  is  required  in  order  to  fit  them  to  the  cable 
has  overcome  the  trouble. 

I  am  glad  to  have  Mr.  Mitchell's  approval  of  the 
cable-joint  details  described  and  illustrated  in  the 
paper,  especially  with  regard  to  the  elimination  of 
fibrous  wrappings.  His  conclusion,  however,  that  appre- 
ciable force  is  required  in  order  to  get  the 
porcelain  spacers  into  position,  is  quite  wrong.  In 
fact,  the  spacer  is  expressly  designed  to  avoid  dis- 
turbance of  the  joint  and  core  insulation.  The  centre 
web  is  slipped  sideways  between  the  cores  and  then  turned 
at  right  angles  ready  to  receive  the  outer  rings  which  have 
been  previously  threaded  over  the  cable  ends  before  joint- 
ing. A  slight  turn  of  the  ring  locks  the  two  parts  of  the 
spacer  together.  The  short  length  of  the  spacer — it  is 
practically  a  disc — and  its  curved  surfaces  reduce  the 
danger  of  air  traps  to  a  minimum.  Anything  in  the  form 
of  an  insulating  sleeve  has  the  disadvantage  of  having  to 
be  placed  in  position  over  the  core  or  cores  before  the 
conductor  joints  are  made.  It  then  has  to  be  drawn  along 
the  core  or  cores  into  its  correct  position,  and  as  the  cores 
in  a  3-core  joint  must  be  more  or  less  bowed,  there  is  a 
danger  of  disturbing  the  paper  insulation,  or  if  loose 
enough  to  avoid  this,  there  is  the  alternative  risk  of 
trapping  air  in  the  annulus  between  the  core  and  tl\c 
sleeve. 

With  reference  to  Mr.  Mitchell's  remarks  on  rubber,  I 
would  point  out  that  no  objection  is  raised  in  the  paper  to 
mechanical  and  other  tests.  My  point  is  that  such  tests, 
unless  grouped  with  other  tests  of  suitable  character  and 
severity,  do  not  give  results  wh.ich  are  necessarily  a 
criterion  of  electrical  value  or  durability.  Mr.  Mitchell 
is  apparently  under  a  misapprehension  vfith  regard  to  the 
statements  in  the  paper  on  the  appearance  of  tinned 
copper  conductors  after  vulcanization.  It  was  intended 
to  convey  that  silvery  brightness  of  the  tin  coating  after 
vulcanization  might  usually  be  taken  to  cast  suspicion  on 
the  quality  of  the  rubber.  It  has  nothing  to  do  with  the 
purity  of  the  tin  or  its  application  to  the  wire.  A  low- 
grade  foreign  wire  may  often  be  detected  by  an  expert  eye 
by  this  feature  alone,  the  chief  connection  between  low- 
grade  rubber  insulation  and  the  silvery  whiteness  being 
that,  during  the  vulcanization  of  the  rubber,  acid  products — 
due  to  the  method  of  preparation  of  the  "pure"  rubber 
layer,  or  to  reactions  brought  about  in  organic  (loading) 
*  P.ige  364. 
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sUteinent  given  in  the  paper,  to  which  he  rc/ers.  in  my 
reply  to  Mr.  Vernier.  Since  ilie  meeting  Mr.  Mitchell  has 
been  good  enough  to  send  me  two  samples  from  the  same 
length  of  c.i'  '  '  .is  been  exposed  to  coal  gas 
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Mi.  i»tevenson  s  reference  to  !he  experiments  of  Mr. 
Nisbett  on  the  breakdown  of  cables  having  small  con- 
ductors, as  compared  with  those  having  large  conductors, 
simply  amounts  to  a  matter  of  discrepancy  between  the 
law  relating  to  the  ideal  cable — having  an  isotropic 
d  -and    its    experimental    proof.     I    touched    on 

t..  . ;    in   my   reply   to   Hrofcssor    Marchant,'-'   and 

expicxscd  my  belief  tlut  given  exactly  comparable  con- 
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not  have  been  appreciated  at  tnc  time.      1  ^i 

Fig.  31   refers  was  in  a  steamy  atmosphc  -tr 

conditions,  yet  the  softening  was  sharply  coa6ned  to  the 
vicinity  of  the  fault. 

Mr.   HinneU's  communication  does  not  raise  any  new 
ftoint.     I  Would  refer  him  to  my  replies  to  M  "  ^^• 

tield   Olid    Driver   <  London  discussion  i      and  .y 
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DISCUSSION   ON   "AUTOMATIC   PROTECTIVE   SWITCHGEAR 


DISCUSSION    ON 

"Automatic  Protective  Switchgear  for  Alternating-current  Systems."* 

Yorkshire  Local  Section,  13  January,  1915. 


Mr.  J.  H.  Shaw  :  At  Bradford   we  use  the  Merz-Price 
gear  for  protecting  three  generators,  and  in  one  instance 
it   saved    an    interruption    of    the    supply.     A   4,000   kw. 
high-tension  machine  broke  down  to  earth,  and  the  Merz- 
Price    gear   disconnected   it   practically    instantaneously, 
without  affecting  the   supply  at  all,   the  other  machines 
which  were  running  in  parallel  with  it  sharing  the  load. 
I  should  like  to  ask  the  author,  however,  if  he  does  not 
think  it  advisable   to  put  an  interlock  on  the  protective 
gear   so  that  if  the   relay  operates  from  any    cause    the 
field  switch  or  the  field  circuit  is  opened.    After  the  above- 
mentioned     experience    we    obtained    various    estimates 
regarding  the  length  of  time   that   the  field  was  left  on 
after   the   fault ;    the   estimates   varied   from   i  J   seconds 
to   10  seconds,  but  by  that  time  the  generator  was  a  mass 
of  f]ames  and   the   windings   were  practically  destroyed. 
I  should  think  some  means  could  be  devised  so  that,  if  the 
relay   operated,  the   field   circuit   would  be   opened,  but 
that  if  the  oil  switch  was  opened  by  hand  the  field  could 
remain  on.    In  connection  with  the  protection  of  generators, 
we  have  one  set  of  Merz-Price  gear  which  has  only  three 
pilot  wires,  the  neutral  points  of  the  relays  being  earthed. 
Originally   the   three   neutral   points   of   the   two   sets   of 
transformers  and  the  neutral   points   of   the   relays  were 
earthed.     On  test  it  was  found  that  the  relays  would  some- 
times operate  during  synchronizing.     We  then  removed 
two   earth    connections    and    the    installation    has    since 
behaved   perfectly.      We  are   now   informed   that   if  we 
were  to  get  a  heavy  fault  on  a  high-tension  feeder  near 
the  works  the  relay  would  operate.     We  have  had  one  or 
two  faults  and  have  endeavoured  to  produce  the  condi- 
tions of  a  heavy  fault,  but  we  have  never  made  the  relay 
operate.      For   protection  against   faults   on   high-tension 
feeders  we  have  relied  up  to  now  solely  on  inverse  time- 
limit  overload  and  leakage  relays.   We  had  reverse-current 
relays,  but  we  found   that  if   the  voltage  on   the   system' 
dropped   suddenly  from    any   cause   the    reverse-current 
relays  operated  and  isolated  healthy  sections.    Our  greatest 
difficulty  with  overload   and   leakage  relays  has  been  to 
obtain  a  satisfactory  instrument ;  only  a  short  time  ago  we 
sent  out  an  enquiry  for  a  number  of  leakage  relays  with 
varying  time  elements,  but  we  could  not  get  a  satisfactory 
quotation   from  any  English   manufacturer.      When  pur- 
chasing  induction-type   relays   we   generally   specify  the 
longest  time-lag  and  the  minimum  lag  under  short-circuit 
conditions,   that    is    to    say,   the    time   when    the    curve 
becomes   parallel   with   the   base.      Many   manufacturers' 
ideas  of  accuracy  of  time  and  our  test-room  ideas  are  very 
different.     I  have  known  a  relay  travel  between  the  manu- 
facturer and  ourselves  three  times  before  we  were  satisfied. 
I  should  like  to  ask  whether  it  is  possible  to  make  a  relay 
(I  believe  this  has  been  mentioned  in  American  practice) 
that  is  perfectly  synchronous  when  a  certain  amount  of 
current  is  passed  through  its  coils,  but  furnished  with  a 
second  winding  as  a  shunt  to  the  main  windings  in  order 
*  Paper  by  Mr.  E.  B.  Wedmore  (see  p.  157). 


to  make  the  relay  dead-beat,  so  that  it  is  possible  to  get  rid  m.-.  Shav 
of  the  uncertain  period  of  time  generally  allowed  in  setting 
overload  devices  for  the  over-running  of  the  relay.     An 
addition  of  a  few  pounds  to  the  cost  of  a  relay  controlling 
perhaps  a  2,000  or  3,000  kw.  feeder  is  not  very  important. 
Again,  referring  to  the  time  limit  of  relays,  a   few  years 
ago  our  feeder  overload  relays  in  the  generating  station 
had    minimum   time   settings  of    two   seconds   on   short- 
circuits.      When    a    high-tension    feeder    fault    occurred 
practically    all    the    synchronous   machines  dropped   out 
of  step  ;   we  then  decreased  the  time-lags  to  a  minimum 
of  o'8    second   under   short-circuit   conditions  and  since 
then   we   have   been   able  to  "  clear "  fairly  heavy  faults 
quite  satisfactorily.     The  methods  of  connections  shown  in 
Figs.  6,  7,  and  8  are  most  attractive,  but  it  must  be  remem- 
bered that   they  involve  carrying  a  fourth  or  neutral  lead 
right  up  close  to  the  oil  switch  if  it  is  desired  to  protect  the 
cables,  current  transformers,  etc.,  in  addition  to  the  wind- 
ings of  the  generators.     I    should  be  glad  if  the  author 
would  say  whether  it  would  be  possible  to  design  a  trans- 
former   if   separate   lead-covered    paper-insulated    cables 
were  used  for  each  phase.    We  find  on  our  latest  machines 
that  it  is  advisable  to  do  this,  and  I  suggest  using  o'5  sq.  in. 
lead-covered  paper-insulated  cables.     I  should  think  such 
a  transformer  would  be  almost  impossible.     On  page  162, 
dealing  with  the  protection  of  parallel  feeders,  the  balanced 
overload  relay  shown  and  described  is  very  interesting,  but  it 
appears  that  if  No.  i  feeder  were  accidentally  disconnected 
some  special  provision  would  have  to  be  made  to  prevent 
the   switch  of  No.  2  feeder  also  dropping  out.     The  split- 
conductor  system  is  very  attractive,  and  since  reading  the 
paper  I   have  looked  up  our  records  of  high-tension  faults. 
With  50  miles  of  3-core  6,600-volt  cable  in  service  we  have 
had  six  faults  in   10  years,   none  of  them  due  to  natural 
causes  such  as  bad  plumbing  or  bad  jointing.     We  have 
had  four  faults  due  to  road  contractors  driving  picks  and 
crowbars  into  the  cable.     If  a  navvy  can  drive  a  wedge 
through  the  concrete  and  fibre  ducts  and  into  the  cable  I 
hardly  think  he  will  hit  the  outer  conductor  and  not  get 
into  the  inner  conductor,  and  in  my  opinion  the  possible 
difference  of  resistance  between  a  crowbar's  contact  with 
the  inner  and  outer  conductors  is  unlikely  to  be  sufficient 
to  operate  the  relay. 

Mr.  W.  M.  Selvey  :  This  paper  deals  with  a  branch  of  Mr.  Selve; 
power-supply  work  the  details  of  which  have  not  come 
largely  into  my  personal  experience,  although  I  have 
grown  up,  so  to  speak,  in  the  home  of  protective  devices. 
I  was  interested  in  the  early  lay-out  of  the  cable  systems 
in  the  North.  At  that  time  our  great  difficulty  was  to  get  a 
reliable  reverse-current  relay  which  operated  with  not 
more  than  10  per  cent  reverse  current,  but  those  difficulties 
seem  now  to  have  been  overcome.  The  author  says  that 
relays  can  now  be  made  to  operate  with  3  per  cent  reverse 
current,  and  the  low-voltage  effect  is  overcome  by  making 
them  unstable,  so  that  satisfactory  operation  is  obtained 
even  when  the  voltage  is  low  or  practically  zero.     It  was 
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making  itseU  heard.  The  split-conductor  protective  gc;ir 
IS,  1  believe,  capable  of  such  line  setting  that  it  is 
impossible  (or  that  state  o(  affain>  to  occur.  In  that 
respect  it  is  an  advance  in  protective  gear.  The  question 
as  to  whclher  one  should  c-inplov  protective  gear  and 
introduce  '  l<e    settled  by  the 

engineer.  \>  .ng  to  happen  if  a 

consumer's  supply  is  interrupted.  It  there  arc  a  largc 
number  of  collieries  on  the  system,  and  the  interruption  of 
the  supply  for  a  short  time  means,  say,  shutting  down  the 
ventilation  of  a  coUiery,  it  becomes  increasingly  important 
to  have  a  duplicate  supply  for  that  colliery  arranged  in 
such  a  way  that  a  faulty  feeder  which  causes  failure  of  the 
supply  in  one  direction  shall  not  on  any  account  trip  out 
!  :    which    is   to   supply   it   in   another   direction. 

i  it    is    not    a    question    of    deciding    whether 

protective  gear  should  be  used  :  such  gear  is  practically  a 
nece>Mtv.  As  the  introduction  of  any  new  apparatus 
Hi\anj!<:y  means  additional  points  to  be  looked  after, 
protcclivf  gear  no  doubt  in  the  early  days  caused  a  certain 
amount  of  tripping  of  switches,  due  to  small  faults  in  the 
'  'cly  results  in   the  apparatus 
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lliink  we  cannot  aflord  to  do  without  these  devices,  and 
t  "^e  engineers  to-day  who  are  able  to  show  such  a 
did  record  as  Mr.  Shaw  has  given,  may  in  the  future, 
u:icn  their  syslcnis  are  of  the  si/e  that  their  energies 
deser\*e,  find  that  thcv  arc  verv  glad  to  have  ul  their 
i>cr\'icc  some  ii  1  in  the  paper. 
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protective  device  is  self-checking,  and  the  split  conductor 
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faulL    1  think,  however,  ti  'ler 

before  us  very  clearly,  an  oh 

is  very  much  simpler  than  iig 

with  in  the  pa>l.  and   II.  Ule 

practical  dilliculties  in  the  split -conductor  method  tbc)' 
will  be  surmounted. 

Mr.  W.  K.    Ul'RNand:  Now   thai    generatiag    stations  Jt^ 
have  grown  to  their  pre->cnl  si/e,  and  keep  o:  ■  •     i.  I 

think  this  paper  is  verv  opportune.     In  the  ira- 

graph  on  page  1 "  ■  ; 

what   he   >;iyi.  -'■' 

grown  to  five  times  us  piv  cly 

to  be  at  least  five  times  a?  :  ,  .'.be 

results  of  individual  faults  are  likely  to  be  far  more  senous," 
will  be  much  more  cheering  to  the  gas  industry  than  to 
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art  of  ■  "I  Were  stationary  the 

siie  a:  were   to  increa-.*-  no 

re-iNUi   lu  aiiin-ii'.iic  ,  ast 

expencin-e  does  ii't   ;  ler 

points  in  the  paper,   1  was  very  inlere>ii.  .:ks 

on  the  reverse-current  relay.     This  was  .. .cry 

promising  device  at  tirst,  but  later  proved  very  disapjHMot- 
ing — It  worked  when  not  wanted,  ;i-  '   ■         '   •  •  •■  'en 

it  was  required.     The  progressive  >  ng 

practical    i  •  up    to    the 

descril>cd   ;  '-r,  h.ive   !••.>»■ 

up  to  ;  ■  •is 

a  uselL  ■*' 

this  field  is  very  limited,  and  that  -  of 

protection  one  or  other  of  the  alien -  - -iter 

results.     Ol  these  the  Meri-I'rice  gear  ^.  in  coo- 

ci  '     •  '*>« 

appaiatu^  >. 

There   are    •  > 

transformers ;  and  that  tne  whoic  woi  ils  as  <«  cii  u  a  Jwe» 
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is  a  strong  testimonial  to  the  workmanship  and  materials 
employed,  as  well  as  to  the  principle  itself.  It  means  the 
verv  best  of  all  three  to  get  the  results  tli:it  arc  actually 
obtained,  without  introducing  much  more  trouble  than  the 
arrangement  avoids.  On  the  split-conductor  system  the 
same  point  occurs  to  me  as  to  Mr.  Woodhouse ;  if  two 
wires  touch,  which  might  easily  occur  with  the  overhead 
arrangement,  the  remainder  of  the  line  would  be  left 
without  this  protection.  The  next  point  that  I  want  to 
emphasize  is  in  connection  with  the  oil  switch  on  which 
all  these  protective  gears  act.  I  question  whether  the  oil 
switch  has  not  reached  its  limit,  in  large  generating 
stations  at  any  rate.  Generators  rated  at  30,000  kilowatts 
are  already  in  use,  and  larger  are  to  follow  ;  and  although 
reactive  coils  may  be  put  in  the  circuit  in  order  to  protect 
the  generators,  these  do  not  equally  protect  the  switch,  as 
although  they  reduce  the  current,  reactance  is  particularly 
liable  to  maintain  an  arc,  owing  to  its  increasing  the  stored 
electromagnetic  energy,  nearl)'  all  the  latter  being  released 
in  the  switch  at  the  moment  of  opening  the  circuit.  If  a 
really  "  dead "  short-circuit  occurs  on  one  of  these  extra 
large  generators,  which  might  happen  through  the  action 
of  lightning  or  faulty  material,  I  doubt  if  any  existing  oil 
switch  actuated  by  one  of  the  instanteous  devices  described 
in  the  paper  would  open  the  circuit  without  the  switch 
being  practically  destroyed.  To  strengthen  the  switch 
casing  is  no  remedy,  since  the  mechanical  pressure  exerted 
by  the  vaporized  oil  at  the  temperature  of  the  arc  is  too 
much  to  expect  any  case  to  hold.  It  simply  means  that 
the  stronger  the  case,  the  bigger  is  the  explosion  when 
the  case  gives  way.  This  inability  of  the  oil  switch 
to  absorb  a  very  large  amount  of  energy  without 
serious  destructive  action  seems  to  me  a-  serious  limita- 
tion of  that  type  of  switch,  and  I  think  the  remedy 
is,  not  to  surround  the  switch  contacts  by  oil,  but  to 
use  a  shghtly  conducting  fluid  of  high  specific  heat  capacity, 
such  as  water.  The  fundamental  defect  with  oil  is  that 
being  an  insulator  it  does  not  absorb  the  energy  liberated 
on  opening  the  switch,  with  the  result  that  this  energy  is 
concentrated  along  the  direct  path  of  the  arc,  with  the 
maximum  destructive  action.  A  high-resistance  fluid  such 
as  water  would  shunt  the  arc,  and  through  its  combined 
cooling  action  and  effective  shunting  of  the  current  would 
greatly  reduce  the  destructive  effect,  and  would  absorb 
quietly  the  energy  that  is  liberated  from  an  inductive  circuit 
even  at  zero  point  on  the  voltage  wave  w-hen  the  circuit 
is  broken.  The  great  heat  capacity  of  water  is  of  great 
assistance  in  this  respect,  and  the  fear  of  any  explosive 
effect  from  the  small  amount  of  water  decomposed  is  with- 
out foundation,  as  the  gases  generated  by  the  arc  are  at  a 
higher  temperature  than  that  at  which  they  recombine,  so 
that  they  recombine  quietly  without  shock.  I  remember 
an  incident  over  20  years  ago  with  the  old  Brush  switch- 
columns  which  had  a  water-break  switch  in  a  glass  cylinder 
on  the  top.  It  was  not  a  very  well-balanced  design,  having 
a  heavy  slow  switch  movement  with  a  very  weak  stop  for 
the  "  on  "  and  "  off"  positions.  The  handle  had  to  move 
through  180'  from  "on"  to  "off,"  or  vice  versa,  but  one 
day  having  made  a  very  bad  synchronize,  and  the  incoming 
machine  failing  to  pull  into  step,  the  engineer  pulled  the 
switch  out  so  violently  that  it  broke  the  stop  and  the 
switch  handle  made  a  complete  revolution  reconnecting 
the  machine  180°  out  of  phase.     He  repeated  the  process 


in  the  reverse  direction  before  finally  keeping  the  switch  Mr. 
in  the  "off"  position.  The  switch,  however,  stood  this  ^"™''"' 
treatment  well  without  disturbance,  in  spite  of  the  slow 
moving  contacts  and  the  Mordey  alternators  with  ironless 
armatures,  which  gave  enormous  short-circuit  currents 
like  those  with  a  modern  turbo-alternator.  I  consider  that 
not  only  the  oil  switch,  but  also  its  arrangement  on  switch- 
boards of  modern  design,  is  unsatisfactory  from  the  design 
point  of  view.  In  some  of  the  largest  generating  stations 
where  all  the  main  cables  are  concentrated  at  one  end 
at  the  back  of  the  switchboard,  there  is  a  row  of  switches 
with  many  hundreds  of  gallons  of  oil.  The  switches  them- 
selves will  probably  some  day  fail,  either  as  the  result  of 
an  internal  fault  or  owing  to  abnormal  external  conditions 
such  as  lightning  trouble  or  a  "dead"  short-circuit.  In 
addition  to  this  large  volume  of  quickly-spreading  inflam- 
mable material,  there  is  an  almost  unlimited  supply  of 
power  in  the  cables  and  a  network  of  pilot  and  relay  wires 
that  will  be  fused  and  spread  trouble  when  the  main 
current  reaches  them.  I  think  it  would  require  consider- 
able ingenuity  to  devise  a  combination  better  adapted  to 
cause  a  disaster  of  the  first  magnitude,  so  far  as  the 
generating  station  is  concerned,  than  this  modern  arrange- 
ment. A  fault  on  the  generator  probably  shuts  down  only 
that  generator,  but  a  well-developed  switchboard  fire,  with 
the  amount  of  oil  now  used,  is  sufficient  to  shut  down  the 
whole  station  for  a  considerable  period.  The  remed)'  for 
tliat  I  should  say  would  be  to  discard  all  the  present 
switchgear,  use  a  non-inflammable  slightly-conducting 
fluid  instead  of  oil  round  the  switch  contacts  (if  water  is 
used  its  great  heat  capacity  is  a  further  advantage),  have 
the  control  platform  well  away  from  the  switches,  with  no 
pilot  wires  or  electrical  connection  between,  and  utilize  ■ 
pneumatic  control  through  insulating  tubes.  It  is  possible 
that  pneumatic  relays  might  be  used  instead  of  electrical 
relays  in  connection  with  the  switch  trip  coils,  with  a  gain 
in  safety,  since  all  these  light  wires,  like  metallic  veins,  are 
a  source  of  weakness.  On  the  question  of  simplicity  I  think 
there  would  also  be  a  gain,  but  of  course  this  is  a  claim  made 
indiscriminately  for  all  these  appliances,  and  in  the  absence 
of  a  definition  and  standard  of  simpHcity  it  is  a  matter 
usually  open  for  debate.  If  the  Engineering  Standards 
Committee  would  publish  such  a  definition  and  standard, 
the  position  in  this  respect  would  be  much  clearer. 
Taking  the  arrangements  described  in  the  paper,  I  can 
conceive  an  engineer  confronted  with  a  complete  diagram 
of  a  supply  system,  say  from  the  generators  to  the 
consumers'  side  of  the  transformers,  fully  "  simplified  "  in 
accordance  with  the  recommendations — split-conductor 
feeders,  circulating-current  protection  for  the  transformers, 
triplicating  these  by  the  addition  of  the  two  additional 
small  ones,  and  with  pilot  wires,  core-balancing  for  the 
open-circuit  feeders,  again  more  transformers,  trip  coils, 
and  secondary  pilot  wires— asking  to  see  something 
complicated  before  he  could  appreciate  the  full  simplicity 
of  it  all.  However,  in  spite  of  all  this  "multiplied  sim- 
plicity," which  seems  to  me  very  far  from  finality,  I  think 
the  balance  is  on  the  right  side,  that  the  author's  claim  is 
justified,  and  that  if  the  devices  which  he  has  described 
are  properly  utilized,  in  the  manner  recommended  at  the 
end  of  the  paper,  a  degree  of  protection  is  obtained  which 
has  hitherto  been  unattainable. 

Mr.  H.  H.  Wright  :  This  paper  should  prove  useful,  Mr.  Wi. 
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devices    have    been    apphed    to  Urge    tramway   (ceder- 
syNtems. 
I       Mr.  A.  K.  Chaytur  :    Tlicre  u  one  little  point  that    I 
'   '  '.e  to  mention   in   ^  :i   with  the  author'^ 

I  to  run  Ix^lh  wir<  -  phax.-  on  the  %aine 

k1  (Ii4l   is,  that   the  two 
\.  .      >  ;  inche!>  apart  through- 

out their  len^h,  and   in  cu!>e  ol  a  fall  of  snow  dunii);  a 
frost,  it  i>  almost  certain   that    the   two  wires  would   be 
coated  with  ice  and  frozen  together  for  practically  their 
whole  length,  and  if  this  did  not  cause  a  short-circuit  on 
the  split  conductors,  there  is  tlje  further  possibility  that  ihi- 
I   the  two  wires,  liorizonlally,  is  a  favourable  one 
<>;  .in<)  holdint;  a  maximum  of  snow,  and  one  can 
.!  there  would  be  a  good  chance  of 
.iking  both  conductors  in  one  span 
and  causing  an  open  circuit  in    both   conductors   at   the 
>ame  tunc.     Furthermore,  one  cannot  be  jxisitive  that  the 
fallen  wires  would  make  a  sufhciently  good  earth  connec- 
tion, lying  as  they  nught  do  for  perhaps  a  few  feet  in  snow, 
to  cause  suBicient  leak  to  trip  the  switch.     In  the  event  ol 
iIk-m    iia\:  :.  unequal  sags,  tljere  is  also  the  possi- 

t'llily  .il  «irei  being  blown  over  and  catching 

on  ilic  otiicr,  I  lort-circuit  on  the  3plit-conductor 

^>>leni.     In  C"  with  the  concentric  arrangement 

of  I  lie  duplicate  conductors  for  underground  cables,  the 
.iiill>.«-  statCA  that  the  cost  of  this  cable  system  is  very  little 
J!,  .tcr  than  the  cost  of  one  of  equal  conductivity  of  the 
uiil  »tyle.  I  am  sorry  that  I  cannot  agree  with  him  on  this 
point,  for.  from  prices  which  have  come  before  niv  notice. 
t  Is  fairly  coiiMderable  ;  and  I  jh 
were  greater   po>!>ibililies  of   trii.  i 

with  tile  3-core  coiacntric  cible  than  with  the 
of  5-core  single  conductor.  Another  point  that 
has  not  t>een  mentioned  is  the  advantage  of  being  able  to 
do  without  automatic  tnpping  devices  for  switchgear.  I 
Ixrlievc  I  am  right  in  saying  that  one  of  the  largest  power 
I      '  "■  n  America  has  no  automatic  swltche^  on  its 

^.  but  relics  upon  the  various  reactances  to    i 
:^h  time,  a  iiiinulc  or  so, 
iant  to  disciiniiiialc  and    i 
discuutiecl    the    laullv   leeder    irom    the   circuit.      In    ray    ' 
opinion    this   is   the   ideal    system   of    protection   from   a    I 
continuity  sopply  point  of  view,  and  when  combined  with 
.1  judicious  Use  ol  automatic  switchgear  will  Ix-  what  wc 
\'OL.   53. 
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circuit  current,  and  tliey  rely  upon  the  other  machino 
sending  enougii  current  into  the  faulty  one  to  operate  the 
lelays  on  the  oil  switch.     One  or  two  speakers  have  men- 
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i-s  on  this  leeder  tripped 
out  on  two  occasions  with  faults  on  another  part  of  the 
network  :  no  fault  was  found  with  the  protective  geaf  on 
this  sound  feeder,  and  so  far  as  1  could  see  ihe  tnpping 
of  the  switches  was  due  to  the  fact  that  the  : 
transformers  at  one  end  were  in  a  cellular  I . 
Kuril  and  the  three  at  the  other  end  were  lu  unc  \M  an 
iicn  ilad  ivpe.  ami  (hat  in  a  case  of  a  very  heavy  fault 
cm  lent  p.i-Miij;  (hruugh  tile  feeder  to  another  part  of  the 
>y-ltui  i::i.  hal.iiice  w.ts  upset,  due  to  one  set  of  trans- 
formers l>eing  surrounded  by  iron  and  the  other,  which 
were  in  brick  partitions,  being  surrounded  bvair.  Wliethcr 
that  was  actually  the  c.isc  I  cannot  say.  but  the  protective 
gear  v\  :ad 

quite  .ve 

gear  in  pi.4«.liCv  i:>  .  current 

as   when   a   fault   0\.  :ly  long 

feeder.  I'lie  split-conductor  system  is  practically  quite 
new  to  me,  but  1  should  imagine  it  is  a  great  advantage 
over  the  Merr-I'rice  gear,  which  employs  a  pilot  wire,  a> 
undoubtedly  the  latter  is  a  great  nuisance  cs; 
run  overhcail,  though  I  t>elievc  that  the  tr^ 
by  the  lead  cracking  due  to  : 
cable  to  swing  in  the  air  have 
Mr.  T.  koLts  ;  In  view  oi  •. 
systems  which  mc  i\o\\  liiii.. 
country,   I    think  the  industry    is 

debted     to     those    eii^ who,    hke    \lr 

have     given    their    time    to 
automatic     devices    for     the 
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inventing    and     perfecting 
prolectKW    of     switchgear. 
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Mr  K.iic-s.  especially  heavy  alternating-current  switchgear.  Mr. 
Shaw  has  referred  to  our  experiences  in  Bradford. 
I  think  that  the  Bradford  station  was  one  of  the  first 
in  which  the  Merz-Price  gear  was  installed  for  the  pro- 
tection of  generators.  We  had  seen  that  this  gear  had 
been  successfully  used  for  feeder  protection,  and  when 
installing  our  first  turbo-generators — two  sets  each  rated 
at  about  4,500  kilowatts — we  had  under  consideration 
various  methods  for  the  protection  of  the  generator  wind- 
ings and  cables,  more  especially  the  cables  between  the 
machines  and  the  switchboard,  each  cable  being  some- 
thing like  200  yards  in  length,  since  the  generators  are 
in  a  building  remote  from  that  housing  the  switchboard. 
\Vc  could  hardly  follow  the  method  suggested  by  one 
speaker  in  this  discussion,  viz.  to  use  an  overload  device, 
as  we  had  specified  tliat  the  generators  were  to  withstand 
a  "  dead  "  short-circuit  for  a  period  of  three  minutes.  We 
finally  came  to  the  conclusion  that  probably  the  Merz- 
Price  gear  would  meet  our  requirements,  and  it  is 
gratifying  to  know  that  it  has  done  so.  In  the  early 
days  of  its  use  the  gear  operated  on  one  or  two  occasions 
for  no  apparent  cause,  but  fortunately  no  inconvenience 
was  experienced  as  a  result.  Steps  have  since  been  taken 
to  prevent  such  occurrences,  and  for  a  considerable  time 
past  the  gear  has  proved  in  every  way  satisfactorj'.  It  has 
already  been  mentioned  that  on  at  least  one  occasion  the 
gear  has  prevented  a  total  shut-down  of  the  supply — this, 
of  course,  being  the  main  object  of  its  installation — although 
it  was  not  capable  of  saving  the  generator,  which  was 
entirely  burnt  out,  the  fire  obtaining  too  strong  a  hold 
before  the  field  circuit  could  be  broken.  I  have  always 
regarded  automatic  devices  as  almost  certain  sources  of 
trouble,  and  I  have,  where  possible,  avoided  using  them, 
but  now  that  transmission  and  distriliution  systems  are 
attaining  such  large  dimensions,  I  am  of  the  opinion  that 
the  increasing  use  of  such  devices  is  becoming  imperative. 
In  most  systems,  up  to  the 'present,  parallel  extra-high- 
tension  feeders  are,  I  think,  not  used  to  any  great  extent, 
but  it  appears  to  me  that  in  future  there  is  a  probability 
of  parallel  feeders  beingimore  extensively  utilized.  When 
recently  perusing  the.  description  that  has  been  published 
of  the  new  Manchester  generating  station,  I  noticed  that, 
in  addition  to  putting  down  a  new  power  station,  a  distri- 
buting station  is  to  be  provided  apparently  as  near  as 
possible  to  the  centre  of  Manchester,  and  in  that  case 
I  take  it  that  there  will  be  a  number  of  parallel  feeders, 
and  also  that  these  feeders  will  be  connected  to  busbars 
at  each  end.  If  that  is  not  done,  very  complicated  selector 
devices  will  be  necessary  at  the  distributing  station  in 
order  that  the  load  may  be  shared  by  the  feeders  as  equally 
as  possible  ;  but  if  the  feeders  can  be  connected  to  busbars 
at  each  end  there  is  the  advantage  of  a  considerable  saving 
in  copper  being  effected,  and  that  the  voltage-drop  between 
the  generating  works  and  the  distributing  station  is  the 
same  on  each  of  the  parallel  feeders  at  all  loads.  In  such 
a  case  it  seems  absolutely  necessary  that  some  automatic 
protective  device  should  be  used,  otherwise  a  large  supply 
system  like  that  of  Manchester  might  be  entirely  dis- 
located. The  use  of  such  automatic  devices  seems  to 
have  more  or  less  settled  the  question,  which  was  very 
much  debated  at  one  time,  whether  to  earth  the  neutral 
point  of  3-phase  systems  at  the  generating  stations.  From 
what  I   can  learn,  the  engineers  responsible  for  systems 


which  were  originally  started  without  an  earthed  neutral  Mr.  Ro 
have  one  liy  one  changed  their  views,  and  now  in  practi- 
cally all  cases  the  neutral  of  at  least  one  machine  connected 
to  the  busbars  is  earthed  through  a  suitable  resistance. 

Mr.  E.  B.  WKDMOkic  {in  reply) :  Mr.  Shaw  has  recom-  m.. 
mended  the  employment  of  automatic  field  switches  in  Wedm. 
conjunction  with  large  alternators,  and  1  lieartily  support 
tliat  recommendation.  The  ruitomalic  features  should  be 
such  that  the  field  switch  remains  closed  if  the  oil  switch 
docs  not  open  ;  also  on  the  oil  switch  being  opened  the 
field  switch  should  not  open  unless  the  protective  relay  has 
operated  ;  otherwise,  in  the  first  case  there  is  danger  of  a 
machine  being  left  on  the  system  without  any  field,  and 
in  the  second  case  it  would  be  impossilile  to  take  a 
machine  off  the  busbars  without  making  it  "dead."  It 
is  not  quite  clear  to  me  what  arrangement  of  connections 
was  in  use  which  gave  the  trouble  referred  to  by  Mr.  Shaw. 
There  are  several  practical  details  in  the  design  and 
arrangement  of  the  apparatus  not  covered  by  the  paper, 
but  the  arrangement  shown  in  Fig.  17  is  quite  satisfactory. 
Mr.  Shaw  emphasizes  an  important  point  in  the  construe-  • 
tion  of  time-limit  relays  designed  to  give  discriminating 
action  by  the  grading  of  the  time  settings.  I  refer  lo  the 
necessity  of  taking  account  of  the  time  required  by  the 
moving  parts  of  the  relay  to  cease  movement  after 
the  circuit  is  opened.  This  feature  is  mentioned  in  the 
paper,  but  has  been  very  generally  overlooked  in  the 
design  of  this  class  of  apparatus.  The  present  price  of 
a  triple-pole  time-limit  relay  is  about  £c),  and  I  consider 
it  to  be  impossible  to  build  a  rela}'  at  this  price  which 
would  possess  all  the  desirable  characteristics  referred  to. 
The  market  for  protective  apparatus  has  been  spoiled  by 
the  introduction  of  a  number  of  inferior  and  ill-designed 
devices,  and  it  is  good  to  know  that  there  are  engineers 
who  are  willing  to  pay  a  reasonable  price  for  a  sound 
article. 

For  the  protection  of  sources  of  supply,  such  as  generators 
with  three  single-core  cables,  it  is  not  essential  to  use  the 
type  of  protective  transformer  shown  in  Fig.  8  ;  an  arrange- 
ment similar  to  Fi^  5  can  be  applied  equally  well,  and 
whilst  the  three  line  transformers  can  be  mounted  near  the 
switchboard,  thus  protecting  the  cables  as  well  as  the 
machine,  the  fourth  transformer  can  be  mounted  in 
the  earth  connection  quite  near  the  machine.  So  it  will 
be  seen  that  it  is  unnecessary  to  bring  up  to  the  switch- 
board a  fourth  heavy  conductor. 

Mr.  Shaw  has  anticipated  some  difficulty  in  connection 
with  the  interlocked  feeder  system  shown  in  Fig.  11.  I 
should  explain  that  auxiliary  switches  which  change  over 
the  connections  when  the  oil  switch  opens  are  so  arranged 
that  they  complete  their  work  whilst  the  switch  contacts 
are  still  in  contact.  There  is  an  overlap  on  the  oil  switch 
contacts  of  one  inch  or  more,  and  it  is  during  tiiis  part  of 
the  stroke  that  the  auxiliary  switch  operates  ;  thus  there  is 
no  difficulty  in  putting  feeders  in  and  out  of  service  at  any 
time.  Mr.  Shaw  has  had  very  satisfactory  experience  with 
his  feeders,  and  other  speakers  also  suggest  that  modern 
experience  indicates  that  feeder  faults  are  becoming  a 
relatively  neghgible  factor.  It  would  be  a  great  mistake, 
however,  to  conclude  from  this  that  feeder  protective  gear 
is  becoming  less  necessary.  Feeder  protective  gear  would 
be  correctly  described  as  "  apparatus  for  the  protection  of 
shareholders  and  consumers."    If  no  feeder  protective  gear 
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>pht-comli.v "  .'  'fs,  and  also    that    the  jointing;  would 

piovc  a  L  I  and  expensive  matter.      Kxpcricnce 

■  .1    ilic   cost    o(    laying    and  jointing  spin- 

«.  '  i-'  very  little  moie    than  that  of    laying; 
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licxibilily,  and  the  experience  with  it  in  practice  so  far 
lias  been  very  good  and  promises  better  results  than  are 
obtained  with  the  usual  type  of  joint. 
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number  of  trunk  niains  conveying  power  to  a  single 
distributing  centre  oi  tying  stations  together,  or  where 
a  ring  main  is  duplicated  to  obtain  the  necessary 
carrying  capacity. 

Mr.  Woodhousc  has  inquired  what  effect  a  x-ariation 
in  wave-form  will  have  on  the  protective  devices  recom- 
mended. X'ariation  in  wave-form  has  no  effect  on  any 
I  the  apparatus  recommended,  and  this  should  have 
:>cen    included    amongst     the     good     features    of     such 
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Trouble  Has  been  anticipated  due  to  snow  settling 
on  spht-conductor  overhead  lines  and  due  to  hues 
touching  une  another.  Some  s}>eakers  think  that  more 
ti  I  ensue  than  with  single  lines,  and  others  less. 
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stations  in  pros|>ect  having  an  output  exceeding  loo.ooo 
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years  in  connection  with  oil  switches,  and  he  would  be  a 
rash  man  who  would  start  in  1915  to  install  a  100,000  kw. 
plant  with  novel  designs  in  od  switches  and  control 
apparatus.     .\t  I  '.iilie,  1   liave  no  doubt  that    we 
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if  necessary  in  such  circumstances.  Such  a  course  would 
not  have  been  dreamed  of  with  the  older  types  of  pro- 
tective apparatus. 

It  has  been  mentioned  that  where  the  interlocked  feeder 
system  is  employed  the  apparatus  will  not  discriminate 
correctly  in  case  a  feeder  becomes  open-circuited.  This 
criticism  is  quite  sound,  but  it  will  be  recognized  that  sucli 
faults  are  few  and  far  between.     On  the   occurrence  of 


such  a  fault  and  on  the  sound  feeder  being  disconnected  m,^^^^^^ 
the  faulty  feeder  is  at  least  as  well  protected  as  would  be 
tlie  case  under  any  of  the  older  systems,  and  even  should 
it  fail  between  phases,  causing  a  severe  shock  to  the 
system,  one  has  the  great  advantage  that  other  sound 
feeders  on  the  system  are  held  up  to  their  work,  whilst  with 
the  older  protective  systems  such  a  fault  would  generally 
cause  an  extensive  shut-down. 


Newcastle  Local  Sectio.n',  i8  January,  1915. 


Mr.  G.  L.  PoRTiCR  :  This  paper  gives  a  great  deal  of 
verv  up-to-date  information  regarding  protective  gear, 
including  the  split-conductor  system.  The  local  power 
companies  have  now  had  considerable  experience  with 
this  system  and  it  has  been  tested  several  times  by  having 
heavy  fault  currents  through  healthy  feeders,  with  results 
in  every  way  satisfactory.  Our  experience  is  of  course 
mainly  with  the  reactance  current-transformer  type  of 
gear  shown  in  Figs.  24-26,  and  the  split-switch  arrange- 
ment has  really  yet  to  prove  itself.  Every  form  of 
apparatus  has  its  own  particular  disadvantages  and  there 
are  certain  inconveniences  resulting  from  the  adoption 
of  split-conductor  gear.  I  do  not  know  Mr.  Vernier's 
opinion  of  the  concentric  cable,  but  the  necessary  trans- 
position in  the  joints  is  to  my  mind  unfortunate.  Suppose 
there  is  a  cable  running  between  two  sub-stations  with 
the  "splits"  transposed  so  as  to  give  equal  lengths  inner 
and  outer,  and  it  becomes  necessary  to  loop  into  a  new 
intermediate  sub-station,  four  joints  might  be  required 
instead  of  two  in  order  to  get  the  transposition  right. 
Also  nowadays  we  tind  it  necessary  to  install  regulators 
at  various  points  on  a  large  system,  and  with  other  forms 
of  protective  gear  we  protect  a  regulator  by  including  it 
with  the  feeder  inside  the  feeder  protection,  but  with  the 
split-conductor  system  it  is  necessary  to  have  separate 
protection  for  the  regulator  and  to  introduce  a  switch 
between  it  and  the  feeder.  In  the  ideal  combination  of 
apparatus  given  at  the  end  of  the  paper,  w-e  are  told  that 
for  all  closed  feeder  circuits  the  split-conductor  system  is 
the  correct  one.  However,  on  short  underground  feeders 
the  Merz-Price  system  will  certainly  be  cheaper  and  the 
lighter  fault  settings  of  the  split-conductor  unnecessary.  For 
overhead  lines,  of  course,  there  is  no  comparison,  as  a  light 
fault  setting  is  a  vital  matter  where  an  overhead  line  can  come 
down  on  dry  ground  and  the  fault  current  be  thereby  Hmited. 
The  split-conductor  system  has  also  the  advantage  that 
with  a  moderate  load  on  the  line  the  breaking  of  the  con- 
ductor before  its  fall  will  trip  the  switches.  I  am  afraid 
that  in  this  climate  trouble  may  be  experienced  with  the 
arrangement  of  overhead  line  mentioned  below  Fig.  28,  as 
I  should  expect  two  conductors  so  close  together  to  gather 
more  than  twice  as  much  weight  of  snow  as  each  would 
separately.  In  his  list  of  advantages  of  "  the  ideal  combi- 
nation of  apparatus,"  the  author  states  that  all  the  devices 
are  instantaneous  in  operation.  However,  our  experience 
of  the  balanced-current  protection  of  transformers  is  that 
a  time-limit  device  should  be  used  on  account  of  the 
momentary  rush  of  current  when  switching  on.  This 
time-limit  device  enables  us  to  run  with  a  much  lower 
fault  setting.  Then  with  modern  arrangements  of  power 
stations,  the  switchgear  is  often  remote  from  the  generators 
and  the  long  lengths  of  pilot  cable  for  the  generator  pro- 


tection necessitate  the  introduction  of  resistances  in  order  Mr,  PoH 
to  bring  the  equipotential  points  to  which  the  relays  are  to 
be  connected  back  from  the  middle  of  the  pilot  cable  to 
the  relay  position.  A  small  fuse  in  parallel  with  the  relay 
will  probably  make  these  resistances  unnecessary,  as  the 
time  limit  of  the  fuse  will  prevent  the  out-of-balance  due  to 
the  pilot  resistance  from  tripping  the  relay  during  tlie 
momentary  excessive  rush  of  current  from  the  generator 
when  an  outside  short-circuit  first  occurs.  Generator  pro- 
tection is  an  interesting  problem.  Reverse-current  relays 
are  supposed  to  "clear"  a  machine  which  has  lost  its 
field  ;  but  if  only  two  machines  are  running  at  the  time, 
the  one  on  which  the  field  has  failed  will  merely  give  out  a 
wattless  leading  current  and  the  reverse-current  relay  will 
not  act.  Even,  however,  where  a  large  number  of  machines 
are  running  at  once— as  at  Carville— we  prefer  to  use 
simple  overload  gear  set  above  the  short-circuit  current  of 
the  generator,  so  that  no  machine  can  trip  itself  out,  but 
the  healthy  machines  can  jointly  clear  a  faulty  one.  The 
lower  settings  that  can  be  got  with  balanced  protective 
gear  sound  attractive  from  the  point  of  view  of  saving 
damage  to  the  machine,  but,  however  quickly  the  switch 
opens,  the  generator  can  damage  itself  quite  as  much.  I 
notice  that  in  the  generator  protection  shown  in  Fig.  17 
overload  fuses  are  included.  Surely  if  discriminating  pro- 
tective gear  is  used  these  are  unnecessary,  as,  rather  than 
risk  the  generator  tripping  out  when  sound,  these  fuses 
would  normally  be  set  for  a  value  above  the  short-circuit 
current. 

Mr.  C.  Vernier  :  In  the  previous  discussion"-  several  Mr. Ver 
points  have  been  raised  in  connection  with  split-conductor 
cables  upon  v;hich  I  should  like  to  make  a  few  remarks, 
having  had  considerable  experience  of  this  type  of  cable. 
The  first  question  is  the  fear  expressed  that  what  the 
author  has  called  a  "  relatively  light "  insulation  between 
"splits''  may  not  be  sufficient  to  withstand  the  pressure 
without  breaking  down  in  the  event  of  one  split  being 
earthed  and  not  the  other.  I  think  this  doubt  can  only 
arise  from  lack  of  experience  of  what  the  insulation  of 
cables  will  stand.  I  have  on  several  occasions  called  atten- 
tion to  the  large  factors  of  safety  on  cables  constructed  to 
the  Engineering  Standard  Committee's  thicknesses  of 
insulation,  and  this  is  a  very  good  illustration  of  what  I  had 
in  mind.  The  usual  thickness  of  insulation  between  split 
conductors  is  between  o-o8  inch  and  o'lo  inch.  I  have 
seen  a  pressure  of  over  20,000  volts  applied  to  o-io  in. 
insulation  between  "  splits "  for  over  an  hour  without 
breakdown,  and  quite  a  usual  test  after  laying  and  jointing 
on  these  cables  is  10,000  volts  for  5  minutes.  These 
figures  really  give  us  a  true  indication  of  the  pressure  that 
this  thickness  of  insulation  will  stand  for  very  short  periods 
*  Page  i6g. 


KOK    AI.IKkSATINCCl'kKKNT  SVSTK.MS  '  vh| 

ol  lime.     The  linir  Uken  bv  Itic  kwilchc*  lo  operate  may       leav<e*,  wh«r«  a  charge  u  crflcn  made  per  cable  irrr»pectiv«  m,  ^^ 


I   be  ((till 


.»\  lilt;    U'  \v  i:  I 
A   hlllr    c>' 


I  (lie  cable 
will     !>llOW     llut 


•■* 

i-r.     In  t  ->>c   II    i> 

'■■■-»    in    :         .-.   ^al    of    IJ^     

I'reteiil     inauy      lime*    the    Cml 


khori  lime  as  the  siwilch  takesi  lo  break  llic  circuit  at  ils 
maximum  rale  o(  i^"'  ''■  "  ■'''  »ay  dunnp  a  pcriixl  of  from 
3  lo  5  pciKxls  jl  V.     Ani>lticr  criticUm  U  the 


tXilCi.        1 

inlheprt, 

to  make  i»  itiai  ii  duo  acli;  out  in  this  way  in 
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T  the  same  sectional  area  of  copper,  and  also  on 

a<.>.>  ujii  uf  the   oval  shape  of  the  cores,  it   is  possible  to 

reduce  the  thickness  of  insubtion  between  cores  and  to 

I  the  ordinary  circular  core  for  the  same  test 

.    (hi<    h,i<    ;ilrf:»dv   been   done   on   several 

'  and  abroad.     It  has  also 

.  .     .      lo  be  >omc  difficulty  in 

.  Ill-conductor  cables  lor  all  sizes  and  voltages.     I 

_  ..  ^^rrect  lo  say  tliat  if  the  cores  can  be  split  into  an 

>ival  concentric  type  of  cable  one  can  always  construct  a 
l>ettcr  extra-high-tension  cable  for  a  given  sectional  area  of 
^ore  than  with  the  ordinary  construction  of  cable.     There 
.     init  of  sectional  area  of  core  for  ordinary  e.h.t.  cables 
A    which    it    IS   not    advi>able   to  go   on  account  of 
^   upon   the  insulation,  and  other  reasons. 
,  It  down  at  not  less  than  0*05  square  inch, 
..lid   although   cables    of    this   size    have    not,  I    believe, 
liitherlo   been    constructed   of   the  oval  concentric  split- 
conductor    type,    I    can    sec    no    difficulty    in    doing  so, 
especially  if  the  principle  uf  inequality  of  split  conductors 
reit-rrcd   to  hv  the  aiill-.or  on   page   16S  i-,   adopted.     The 
ling  oval  concentric  spht  conduc- 
i  the  split  conductors  at  joints  is 

mucn  more  apparent  than  real.  The  type  of  joint  used  is 
illustrated  in  Fig.  C  on  page  357, "  and  while  at  first  sight 
his  may  appear  very  complicated  and  dilticult  to  make,  it 
IS  quite  easily  done  in  practice,  and  no  difficulty  has  been 
experienced  in  getting  jointers  to  undertake  it  satisfactorilv. 
I  It  will  be  poN>iblc  |. 
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u«c.     With   regard    to   the  question    of    the   cost   of  split- 

i-tor  cables  as  compared  with  Men-Price  gear,  the 

, ..;  ,.onductor  cables  are  in  all  cases  cheaper  than  an 

Tdinary  cable  with  a  pilot  cable.    The  further  advantage 

IS  obtained  of  dispensing  with   the   maintenance  of   one 

Cable,  which   in   the  case  of  small   cables,  such   as  pilot 

cables.  IS  usually  much   heavier  than  on   large  cal>lcs.     A 

further  saving  can  be  obtained  in  connection  wilh    way- 
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made  in  this  district  would  not  have  bee 

thing  like  Ihe  same  scale.     In  my    - 

ductor     system    is    a    distinct     ini: 

Mer/-Price  for  all  but  \i         ' 

with  a  troublesome  p<l'>l 

lower  curri  cut 

out  a  line  w  >  to 

say,  when  a  line  conductor  breaks  ttiis  is  tbc  most  favour- 

able  condition  for  the  gear  to  operate.     In  this  coonectioo 

it  may  be  mentioned  that  the  Board  of  Trade  are  quite 

prepared  to  consider  the  at       '  t  or 

catch-gu.irds  on  overhead  <:c. 

live  gear  is  installed, 

to  any  other  type  of   , 

upon  an  earth  current  toi  -.i- 

Price  and  split-conductur  -  .  ,.,  ige, 

especially  the  latter,  in  Ihe  rapidity  wilh  which  a  fault  i» 
cut  out.  We  have  a  few  overload  devices,  and  we  seldom 
fail  to  know  when  a  fault  has  occurred  on  these  particular 
feeders  because  this  frevj..  .;c  other 

feeders,   prol>ablv   miles  .1.  Al  ;  but 

both  the  above  svstcms  vi  piulcviike  (it^r  operate  vo 
quickly  that  the  fault  current  has  no  lime  (o  attain  any 
high  values.  In  support  of  this,  I  may  s^-  that  it  is 
becoming  quite  a  common  experience  to  have  to  apply 
lest  pressures  to  cables  which  have  broken  down  owing  lo 
the  impossibility  of  locating  the  faults  which  are  of  very- 
high  resistance.     From  the  mains  eni;incer's  paint  of  view 
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from  the  point  of  view  of  maximum   load  but  from  the   | 
number  of  consumers  supplied  from  a  single  network.     I    ! 
think  therefore  that  the    function  of  this   Local    Section 
should  not  be  to  criticize  the  paper  but  rather  to  contirm    \ 
from  our  actual  experience  the  recommendations  that  the 
author  makes.     All  concerned  in   the  operation  of  the 
North-east  Coast  network  will  agree  that  its  commercial 
success  is  largely  due  to  the  foresight  of  its  designers  in 
realizing  the  possibilities  of  proper  protective  gear.     It  is 
often  assumed  that  protective  gear  is  such  a  live  question 
on  the  North-east  Coast  because  of  the  interconnected  net- 
work.    It  is   rather   the  reverse ;    the   network   owes   its 
existence  to  the  fact  that  protective  gear  was  studied  and 
developed  here  commcrcialh-  some  years  in  advance  of  its 
practical  value  being  realized  elsewhere.     The  key-note  of 
successful  design  in  protective  gear  is  referred  to  in  the 
paper,  but  it  is  so  important  that  it  will  bear  repeating.     It 
is  not  a  difficult  matter  to  ensure  that  the  faulty  apparatus 
shall  be  isolated  ;  the  difliculty  rather  lies  in  ensuring  that 
sound  apparatus  is  not  affected  by  the  passage  of  heavy 
short-circuit  currents  caused  by  external  faults,  and  it  is 
in  compliance  with  this  essential  point  that  the  systems 
recommended  by  the  author  have  proved  successful.   With 
regard  to  the  protection  of  independent  feeders   by  the 
core-balance  system,  I  notice  that  no  reference  is  made  to 
the  saving  of  high-tension  switchgear  at  the  far  end  ;  this 
seems   to   me  to   be   one   of   the    chief    justifications  for 
using  the  somewhat  imperfect  protection  afforded  by  the 
core   balance    method.      In   this   connection   it    may   be 
pointed  out  that  in  the  case  of  a  duplicate  supply  with  two 
feeders  and  two  transformers  all  high-tension  switchgear 
at  the  consumer's  end  can  be  dispensed  with  by  connect- 
ing one  transformer  to  each  feeder  and  protecting  both 
feeders  by  the  core-balance  system.     This  is  permissible 
because  the  transformers  are  only  paralleled  on  the  low- 
tension  side,  and  thus  any  high-tension  earth  fault  on  one 
feeder  or  transformer  does  not  affect  the  protective  gear 
on  the  other   one.     Arrangements  have  of  course   to  be 
made  so  as  to  trip  the  transformer  low-tension  switch  in 
case  the  corresponding   high-tension  switch  at  the  other 
end  is  tripped  ;  this  can  be  usually  managed  by  using  a 
core   of   the   telephone  cable.     One  difficulty   which  the 
author  does  not  mention  in  regard  to  the  protection  of  an 
independent  feeder  is  that  one  can  seldom  be  quite  certain 
that  it   may  not   be  desirable  at  a  later    date  to   link  it 
up  with  other  parts  of  the  system.     Unless  the  length  is 
very  short  it  is  therefore  often  desirable  to  put  in  suitable 
cable  so  that  it  can  be  used  as  an  interconnector  at  a  later 
date.     The  disadvantages  of  the  reverse-current  relay  are 
pointed  out  very  clearly,  but  there  is  the  further  disad- 
vantagf   that  it  necessitates  the  use  of  a  potential  trans- 
former, which  is  a  very  untrustworthy  type  of  apparatus 
and    should    not    be    installed    except  w-here    absolutely 
necessary.     In  the  description  of  the  split-conductor  system 
there  are  two  advantages  that  are  not  mentioned.     The 
first  is  that  the  two  currents  are  balanced  directly  against 
each  other  without  the  intervention  of  any  current  trans- 
formers or  similar  apparatus,  the  balance  of  which  may  be 
upset  by  rough  usage  or  heavy  loads.     The  second  is  that 
this  system  is  equally  if  not  more  suitable  for  very  long 
feeders    than    for  feeders    of  ordinary    length,    whereas 
with  Merz-Price  protection  it  is  difficult  to  get  a  satisfac- 
tory protection  above  a  certain  length  of  feeder  owing  to 


the  capacity  current  in  the  pilot  wires.  1  think  transformer  Mr.  Ht.mi 
protection  is  the  one  matter  dealt  with  in  the  paper  for 
which  the  apparatus  now  available  is  not  perfectly  satis- 
factory. As  mentioned  by  Mr.  Porter,  the  balanced  pro- 
tective gear  has  to  be  set  fairly  high  and  with  a  time  limit 
in  order  to  deal  with  current  rushes  on  switching  in  and 
with  the  tappings  wliich  are  usually  provided  for  varying 
the  transformer  voltage  ;  this  makes  it  difficult  to  cut  out  at 
an  early  stage  faults  between  turns,  which  are  a  ifrequent 
cause  of  transformer  breakdowns.  Referring  to  Fig.  12,  I 
should  like  to  know  whether  tlie  balanced  protective 
relay  is  mechanically  as  well  as  electrically  biased,  as 
otherwise  it  would  seem  to  be  unstable  at  no  load.  In 
Fig.  iS  I  notice  that  the  secondary  wiring  is  shown  earthed 
in  two  places.  It  may  be  safe  to  have  two  earths  with 
this  particular  arrangement,  but  as  a  general  rule  in  all 
Merz-Price  systems  it  is  important  to  make  the  earth  con- 
nection at  one  point  only. 

Mr.  H.  W.  Clothier-  :  I  wish  the  author  had  added  a  Mr.  cioti 
T-connection  to  one  of  the  ring  mains  shown  in  Fig.  i. 
He  has  shown  a  T-connection  on  an  open-ended  feeder 
(or,  as  it  is  sometimes  called,  a  "tail  end"),  but  on  some 
large  power  transmission  systems  it  is  found  necessary 
to  take  tappings  from  a  ring  main  into  the  consumers' 
premises.  I  admit  that  a  loop  is  more  satisfactory,  especi- 
ally when  considered  from  the  point  of  view  of  automatic 
protection,  but  it  is  not  ahvays  possible  to  loop  in,  and 
as  "tees"  on  ring  mains  therefore  seem  inevitable,  the 
diagram  representing  "  the  elements  of  a  distribution 
system  "  is  incomplete  without  them,  and  the  design  of 
the  controlling  apparatus  is  not  ideal  in  every  respect 
unless  it  provides  for  their  protection.  The  author's  state- 
ments about  leakage  protection  of  the  core-balance  type 
and  its  bearing  upon  the  problem  of  earthing  and  the 
amount  of  resistance  required  at  the  neutral,  are  well 
chosen  and  opportune.  I  hope  that  they  will  have  the 
effect  of  reviving  this  useful  and  simple  adjunct  to  the 
better-known  systems  of  overload  protection.  I  know 
of  a  few  installations,  mainly  in  mines,  on  which  the 
method   has  been  applied  to  advantage,  but  I   believe  it  ' 

has  not  been  appreciated  as  a  feeder  protection  on  large 
systems,  in  fact  I  have  reason  to  think  that  its  full  value 
was  not  realized  even  by  those  at  whose  instigation  it  was 
investigated  and  developed  some  six  years  ago.  I  endorse 
the  author's  remarks  about  reverse-current  relays,  and  the 
frequency  with  which  they  appear  in  published  specifica- 
tions is  sometimes  surprising  to  me.  As  to  parallel  feeder 
protection,  I  am  not  impressed  with  the  author's  design  of 
plunger  balancing  relay.  I  have  not  seen  it  in  practical 
form  but  I  should  expect  to  find  mechanical  difficulties 
in  the  balance  of  the  rocking  levers  if  the  latter  are 
constructed  as  shown  on  the  diagrams,  and  the  main  parts 
seem  to  me  to  be  rather  too  heavy  for  sensitive  adjust- 
ment. I  would  prefer  an  electrical  balancing  arrangement 
between  a  movable  and  a  fixed  coil  or  coils.  There  are 
three  disadvantages  to  parallel  feeder  protective  systems 
which  occur  to  me  and  are  not  emphasized  by  the  author, 
viz. — (i)  The  wrong  switch  will  be  opened  when  the 
fault  is  in  the  nature  of  an  open  circuit,  for  instance 
a  falling  line  or  a  drawn-out  cable  joint,  because 
in    these    cases    the    sound    feeder     takes    the    greater 

*  These  'remarks  include  also   Mr.    Clothier's  contribution    to   the 
discussion  before  the  Institution  (see  page  173)- 


FOR   AI.TKKNATIS*(;.Cl'KREXT  SVSTKMS. 


:txi 


1  ^.  1  - 1 1 1 1  ■ 


Tl>.  V    41 «    nol    tuitiMe    (or    u»e   Willi    T 
..1  curiciil   tlirou^li   llic   T<tt\uil 
i..,nl  on  llic  rc»pci:Hvc  (cc<lcrii.   True. 
\   lir  iiNTtl.  hul  tlllk  It  »■>  rk|>riiMvc  Sk  a 

Cll(l>    u( 


UrI/'I'liCr  »V>t.  fii  uiid  1!  i\..;<1»  tt.r    Hit  ot   tt;c-  pjint  Ttut    Hi 

briiit;  al  lli> 

Ihcic   •'■- 

caMc    >  lor 

liOIIIC      \«jl^     >>ii     nil-     ^>MCII1  I  .'u 

tlir   •«k'iUiir>    are    tri|>fic«l    out    al    f 


(ltd  It  It  ilillicull  willioul  llir  UMC  ul  cuinlvrr 
-,.,,.    ....,-.  ....ivcs  to  ilivUlc   (lie   Uull  ciiirriit   vi  tlul   llir 
ciccu  will  Ix-  miIVkiciiI  on  llic  (uultv  (cr<lci  In  (Jive  iuli»- 
;■  •  '-..IK 

.  veil 


ofKrateti  ahuut  40  Uine«  j  ycu  Oii  uiilv  uik 
lie  fnid  Ihal  the  |;ear  failed  lo  u|Mrrale  at  il 
doiie,  and  in  tlut  ca>c  it  waa  a  mailer  ol  lti< 


car 

ltd 

JVC 

.^ 

when  yiKlri  >«jud. 


IS  a    ">(!ai)>llt    llirt>ut;h      or    external 

riir  ^vviriii.  !,.\,-  uol  been  Iried  on  a 

used  dc|>endii  upon 

..iHiiiu  IK  111(1  the  (aulty  one,  but 

w»  llial  it  IS  more  than  probable 


Z 


Z 


i        6 


KiG.  E. 

that  (he  fault  does  not  act  as  it  is  required  to  do.    The 

L  •  .nccs  of  the   load,  the   nature   of   the   fault,  the 

I  ihe  fault  and  itt  relation  to  the  plant,  all  have  to 

1  im.     In  the  design  of  protective 

•  .l>le  to  foresee  all  that  niayhappien; 

I  jt,  notwithstanding  the  diliiculties,  a 

«  r-  cl-feeder   protective    system   may   be 

redeemed  by  combination  with  the  split-conductor  method. 

Keally  the   latter  is   the   outcome  of  the  former.     When 

the    split-conductor   method    is   applied    to    two   parallel 

feetlers    the   connections   are    as   shown  in   Fig.    E  ifull 

liiu-^i    herewith     ii    t>eiMy   the  rcby  coil.      Bv   the   simple 

.1  '.cd  lines  !  to  lixed  poles 

<■■■  relay   aiM  ting   u   as  the 

moving  coil,   a   combined   split    conductor   and   p;irallel- 

f.  ,-.i,  r   system  is  obtained.     The  relay  moving  part   will 

over  to  the  side  through  which  the  greater  current 

j>a--LN.     In  this  respect  it  operates  similarly  to  the  author's 

pluni>er  balance  relavv     In  those  cases  of  faults  where  as 

'   operate  correctly,  the  .1: 

•rs      Thus  we  have  foi 

'or  protection  and 

iting  between  the 

two  feeders.     1  quite  agree  with  Ihe  author's  conclusions. 

I  regard  split-conductor  protection  of  feeders  as  the  only 

cajly  complete  solution.     It  has  all  the  advantages  of  the 
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As  a  summary  of  the  numerous  protective  svstems  the 
jutlior  s    desciiplions    are    excellent,    but    11:  -:ng 

lc.it.inc    pnilectum  he    has   omitted   those  s\  ...h 

depend  for  their  operation  upon  a  r^lav  u(  ttaiis- 
foriiii-r  working  a  relay  coniiecteil  directly  in  the  earth 
or  earthed  neutral  circuit.  There  arc  sever.U  of  these 
systems  in  use,  and  in  some  cases  the  results  obtaiiied 
are  equivalent  to  those  obtained  from  (he  use  <A  the 
core-balance  system  that  he  has  described.  As  notable 
examples  of  this  alternative  method  I  give  two  diagrams 
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Jr.  Clothier.  Merz-Price  balanced  protective  system  are  somewhat 
complicated.  I  notice  that  tlic  author  generally  shows 
direct-operating  trip  coils  (see  l""igs.  17,  18,  19,  and  20),  but 
I  have  found  it  advantageous,  particularly  on  large 
systems,  to  use  relays  in  preference  to  such  coils.  The 
relays  naturally  add  slightly  to  the  initial  expense,  but 
thev  are  a  great  convenience  in  that  (a)  a  more  sensitive 
fault  setting  is  generally  obtained  ;  (/>)  one  trip  coil  suffices 
instead  of  throe  ;  (c)  tlic  relay  affords  a  ready  means  of 
testing  the  operation  of  the  switches.  Whereas  it  is  easy 
to  trip  the  relay  for  testing  purposes  it  is  not  easy  to 
obtain  current  through  the  direct-operating  trip  coils  for 
this  purpose.  With  further  reference  to  Fig.  20,  it  seems 
to  me  that  to  split  the  conductor  in  a  generator  winding  is 
an  unnecessary  complication,  and  that  the  ordinary  Merz- 
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Fig.  G. 

Price  balanced  system  would  serve  the  purpose  of  protection 
covering  a  transformer  and  generator  just  as  well.  Of 
course  if  for  the  purpose  of  the  generator  design  it  is 
essential  to  use  two  windings  in  parallel,  my  objection  to 
this  method  disappears,  but  presumably  it  is  not  often 
necessary  to  construct  the  generator  in  this  way.  The 
author  has  described  split-conductor  protection  with 
impedance-type  current  transformers,  and  alternatively 
with  split-conductor  switches.  I  have  strong  leanings 
towards  the  latter  method,  one  reason  being  that  the  fault 
settings  can  be  more  easily  graded.  For  instance  it  is 
impossible  with  the  impedance-type  transformer,  without 
making  the  transformer  unduly  bulky,  to  increase  the  fault 
setting  afforded  by  the  standard  relay,  i.e.  if  the  normal  is 
designed  to  trip  out  with  a  difference  of  current  in  the 
conductors  of  5  amperes  the  relay  must  not  be  set  beyond 
this  amount  although  it  may  be  set  below  it.  With  the 
use  of  the  split  switch,  however,  the  setting  of  the  relay 
may  be  adjusted  to  any  amount  above  a   predetermined 


minimum.  For  example,  if  the  system  is  designed  to  Mr.  cioti 
trip  with  a  difference  of  15  amperes  in  the  conductors,  the 
relays  may  not  be  set  below  this  value,  but  they  may  be 
set  for  anything  above  it,  and  by  a  simple  adjustment  of 
the  coils  it  is  possible  with  the  same  relay  to  obtain  a 
range  of  adjustment  varying  between  15  and  150  amperes. 
When  one  considers  that  at  some  parts  of  a  large  power- 
transmission  system  fault  currents  are  much  larger  than 
at  other  parts,  it  follovys  that  the  facilities  for  adjustment 
are  a  great  convenience.  For  example,  a  short  cable 
near  the  power  station  having  a  doubtful  balance  may 
be  set  for  the  heavier  setting  with  the  certainty  of 
correct  operation,  whereas  an  overhead  line  remote  from 
the  power  station  requires  the  finer  settings  in 
order  to  ensure  its  tripping  out  in  the  event  of  a 
broken  line.  Under  the  heading  "  Other  forms  of  split 
conductor "  the  author  describes  a  novel  form  of  split- 
conductor  protection  using  one  conductor  with  a  "  fine 
wire."  This  system  may,  as  the  author  describes,  be  of 
some  value  on  very  small  installations,  but  I  should  antici- 
pate trouble  due  to  the  multiple-turn  primary  on  systems 
where  the  amount  of  power  is  large.  It  is  a  well-known 
experience  on  switchgear  design  that  primary  turns  on 
current  transformers  must  be  of  such  a  section  as  to  with- 
stand, without  fusion  or  distortion,  the  full  stress  occasioned 
by  the  maximum  short-circuit  current  whicli  the  generat- 
ing plant  can  produce  at  the  point  where  the  current 
transformers  are  used.  Normally,  of  course,  this  full  stress 
would  not  come  upon  the  "  fine  wire"  transformer,  but  in 
the  event  of  an  open-circuit  fault  on  the  heavy  conductor 
this  exigency  might  possibly  occur.  In  the  construction 
of  switchgear  it  is  essential  to  forestall  if  possible  all 
dangerous  occurrences,  even  if  they  be  most  remote,  and 
for  this  reason  I  would  prefer  to  use  the  split-conductor 
protection  having  conductors  of  equal  section,  or  at  least 
to  avoid  using  a  "fine  wire"  conductor. 

Mr.  H.  S.  Ripley  :  Whilst  dealing  with  leakage  protec-  Mi-.  Ripi 
tion  the  author  describes  two  methods  of  operation,  i.e. 
by  utilizing  a  sensitive  relay  in  conjunction  with  an  auxil- 
iary supply  for  energizing  the  trip  coil  of  the  switch  or  by 
utilizing  a  trip  coil  energized  directly  by  the  current  trans- 
formers. In  the  former  case  the  device  can  be  made  to 
operate  on  a  leak  of  a  few  amperes,  but  in  the  latter  about 
one-third  normal  load  is  the  figure  given  for  tripping. 
Now  in  some  cases,  more  especially  in  mining  work,  it  is 
often  inconvenient  to  provide  an  auxiliary  supply  for 
tripping  the  switch,  but  at  the  same  time  maximum  sensi- 
tiveness is  required.  I  should  therefore  like  to  ask  the 
author  whether  it  is  not  possible  to  obtain  a  sensitiveness 
somewhat  approaching  that  obtained  with  the  use  of  a 
relay,  by  employing  current  transformers  of  a  sufficiently 
high  volt-ampere  rating  to  operate  a  direct-acting  trip  coil 
with  a  secondary  current  of  about  i  ampere  in  place  of  the 
3-  to  5-ampere  trip  coils  now  in  general  use. 

Mr.  F.  O.  Hunt  :  Most  of  this  apparatus  has  been  intro-  Mr.  Hui 
duced  since  I  had  anything  to  do  with  automatic  protective 
gear,  and  I  should  be  glad  if  the  author  would  explain  the 
need  for  the  so-called  time-limit  fuse  shown  in  Fig.  5.  I 
have  recollections  of  unfortunate  experiences  with  time- 
limit  fuses.  In  connection  with  condition  3  on  page  161, 
viz.  "...  and  especially  on  the  sudden  removal  of  a 
fault."  I  should  like  to  know  exactly  what  the  author  is 
thinking  of  and  how  the  operation  takes  place. 
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Mr.  Heard  has  emphasized  the  ftoint  that  so-called  feeder 
protective  apparatus  is  not  primarily  designed  for  the  pro- 
ticlion  of  the  feeders,  but  is  employed  for  the  protection 
of  tt'e  p!:ui!  gener.illy  and  of  the  consumers'  supply.  One 
plant  without  feeder  protective  appa- 
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Un  a  plant  ol  any  magnitude  ex|'>eriencc  has  shown  that 
unless  the  protective  devices  used  are  discriminating  in 
chaiacter,  a  heavy  fault  at  any  one  point  will  cause  an 
extensive  shut-down.  It  is  therefore  essential  not  only  to 
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■uodtrn  ....lie-.  .Mr.  Heard  has  also  drawn  attention  to 
lurther  good  features  in  the  use  of  core-balancing  appa- 
ratus. His  remarks  refer  rather  to  the  problem  of  the 
distribution  system  than  to  that  of  the  design  of  protective 
apparatus.    In  selecting  protective  apparatus  it  is,  however. 
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with  the  heavy  winding  under  any  other  conditions  than 
that  of  a  feeder  failure  accompanied  by  a  failure  of  the 
heavy  conductor  sufhcicnt  to  force  heavy  current  into  the 
fine  winding.     The  loss  of  the  cum.    •  '  jmcr  m  this 

exceptional  case  would  not   be  a  -^  :i  and  would 

not  cause  an  interruption  ol  supply. 
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In  reply  to  Mr.  Kiplcv,  I  would  say  that  in  order  to  get 
core-balancnig  apparatus  to  operate  at  one-third  normal 
load,  it  is  already  necessary  to  employ  a  trip  coil  with  a 
line- wire  winding  such  as  he  refers  to.  It  is  not  com- 
mercially practicable  to  employ  direct-acting  trip  coils 
operating  much  below  this  limit.  It  should  be  noted  that 
the  volt-amperes  output  of  the  current  transformers  is 
nearly  proportional  to  the  square  of  tlie  load  ;  thus  the 
energy  available  for  operating  tripping  devices  decreases 
very  rapidly  with  a  reduction  of  tlie  primary  current.  A 
device  operating  at  one-third  load  will  have  nearly  three 
times  the  force  available  that  would  be  obtained  at 
one-tifth  load. 

Mr.  Hunt  asks  for  particulars  of  the  time-limit  fuses 
shown  in  Fig.  5  and  elsewhere.  These  fuses  are  now 
generally  constructed  of  pure  tin  wire  soldered  into  heavy 
terminals  on  a  glass  tube  ;  they  are  carried  in  spring  con- 
tacts reinforced  with  steel  backing  springs  so  as  to  ensure 
tlie  maintenance  of  a  good  contact.  The  trip  coil  shunted 
by  the  fuse  generally  carries  less  than  i  per  cent  of  the 
current  in  the  circuit.  Some  trouble  was  experienced  in 
the  early  days  with  imperfect  contacts  in  the  fuse  circuit, 
but  as  now  made,  and  as  used  for  the  last  eight  or  ten 
years,  I  consider  this  device  is  more  reliable  and  uniform 
in  operation  than  any  other  form  of  time-limit  overload 
device.  Mr.  Hunt  asks  just  what  I  have  in  mind  in  my 
third  comment  on  reverse-current  relays.    It  will  be  under- 


stood that  wlien  a  reverse-current  relay  has  to  carry  a  Mr. 
heavy  forward  current,  a  very  large  mechanical  force  will 
be  produced  in  tiie  relay.  The  moving  part  is  generally 
held  against  a  stop,  atid  exerts  considerable  force  on  the 
stop.  Owing  to  their  elasticity,  the  parts  through  which 
the  force  is  transmitted  are  springs,  and  consequently  a 
certain  amount  of  energy  is  stored  up  in  the  moving  parts  ; 
if  now  the  force  is  suddenly  reduced  this  energy  is 
suddenly  liberated,  and  will  cause  some  movement  of 
the  moving  parts.  There  is  no  difficulty  in  preventing 
the  relay  operating  under  sucli  conditions  if  this  feature 
has  been  properly  considered  in  the  design,  but  relays 
have  been  made  in  which  this  feature  has  not  been  con- 
sidered, and  testimonials  have  been  obtained  for  clearing 
faults,  which  faults  were  supposed  to  have  sealed  them- 
selves after  the  switches  operated,  but  which,  in  fact,  never 
existed. 

Several  speakers  have  referred  to  the  question  of  sim- 
plicity in  design.  It  should  be  recognized  that  whilst 
simplicity  is  a  very  valuable  characteristic,  it  is  a  law  of 
Nature  that  we  cannot  have  differentiation  of  function 
without  differentiation  of  anatomical  structure.  We  can- 
not get  new  characteristics  into  our  apparatus  without 
making  corresponding  structural  additions.  All  that  we  can 
do  is  to  reduce  these  additions  to  their  simplest  possible 
form,  and  this  condition  has,  I  believe,  been  very  nearly 
attained  in  the  devices  recommended  in  the  paper. 
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ORDINARY   MEETING   OP'   28   JANUARY,   1915. 

Proceedings  of  the  574th  Ordinary  Meeting  of  The  Institution  of  P^ectrical  Engineers,  held 
on  Thursday,  28  January,  1915 — Sir  John  Snell,  President,  in  the  chair. 

The  minutes  of  the  Ordinary  Meeting  held  on  Thursday,  14  January,  1915,  were  taken  as  read,  and 
confirmed. 

The  list  of  candidates  for  election  and  transfer  approved  by  the  Council  for  ballot  was  taken  as  read, 
and  was  ordered  to  be  suspended  in  the  Hall. 

Donations  to  the  Library  were  announced  as  having  been  received  from  A.  H.  Avery,  S.  C.  Batstone, 
Messrs.  J.  H.  Bennett  tS:  Co.,  Messrs.  J.  &  A.  Churchill,  W.  R.  Cooper,  W.  Galloway,  The  Iron  and 
Steel  Institute,  Dr.  A.  E.  Kennelly,  A.  P.  Lundberg,  J.  W.  Meares,  R.  Rankin,  E.  Kilburn  Scott,  Professor  R. 
Stanley,  and  A.  Still ;  to  the  Museum  from  A.  H.  Allen  ;  to  the  Building  Fund  from  The  Association  of 
Municipal  Electrical  Engineers,  R.  A.  Dawbarn,  H.  Hirst,  Vice- Admiral  Sir  H.  B.  Jackson,  R.N.,  K.C.B., 
K.C.V.O.,  F.R.S.,  W.  McGeoch,  W.  G.  P.  McMuldrow,  Professor  J.  T.  Morris,  and  A.  Wright  ;  and  to  the 
BenevoleiiL  Fund  from  The  Executors  of  the  late  Augustus  Stroh,  H.  Alabaster,  W.  Duddell,  F.R.S., 
D.  Henriques,  E.  S.  Jacob,  H.  W.  Kolle,  W.  Murray  Morrison,  H.  Parry,  W.  R.  Rawlings,  S.  G. 
Castle  Russell,  The  "25  Club,"  T.  C.  T.  Walrond,  and  C.  H.  Wordingham,  to  whom  the  thanks  of  the 
meeting  were  duly  accorded. 

Professor  Andrew  Gray,  LL.D.,  F.R.S.,  Member,  then  delivered  the  Si.xth  Kelvin  Lecture,  entitled 
'"Lord  Kelvin's  Work  on  Gyrostatics"  (see  page  277). 

A  Vote  of  Thanks  to  the  Lecturer  was  proposed  by  Professor  Silvanus  P.  Thompson,  D.Sc,  F.R.S.,  and 
seconded  by  Dr.  R.  T.  Glazebrook,  C.B.,  F.R.S.,  and  the  resolution  was  carried  with  acclamation. 

The  meeting  adjourned  at  9.46  p.m. 
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AtuKutU  Uemhd  to  Uembet,  Student  to  AiUhtate  Member. 

Cadni.»ii.  Claude  Greener.  Kdgar.  Edward  James. 
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colliery  work.  The  progrc'>%  duniiji  the  li»t  g  years  has 
been  ,'-•'-■ 

larut 
collii- 

Tlu 


one  t 

the  ci.;       ,  .      

not  located  close  to  the  power  house  i^ 

The  present  paper  deals  principally  wi;.;   ;:;c 
mcnt  of  electric  driving  in  the  Powell   Dutfrvn  >. 


:y. 

rcmcnt)  from 
d,  and  either 

pi  i'»  I'Mt  is 
vcn. 


eiuiuiiki  Can  U;  given  ul  luusl  tiMiiis  iri  cicvtiic  tlnvc 


„    ;  system. 

Switchgcar. 
t.ii  1'.  .«-.-i  stations  and  sub-stations. 
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Mcnt. 


(..    ..,..,..  .Mi.u.iiJ — continuous-current  motors. 
(b)  Main  winding— alternating-current  motors. 
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I    1  controllers. 
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(..    ■■  ,1 
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•^'  '  ■  electric  driving  of  collieries. 
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ElECTRIC.*L   PLA.VT  OF  THE    PoWEI.L  DUFFRVS   SrEAM 

Coal  Company. 

In   1905  the  author  described  the  Aherdare  section  of 
the  Powell  Dufiryn   undertaking,  the   power  !ija>c   then 
having   a  capacity  of  3.000  I  ' 
motors   citnnecled   tutallini;   4 

H  -ij  mi 

'  ">^'w  111  ..  .  —y  in  t'.c  ■ 

■^  Valleys  is  rated   at   24.000   .  the 

'"  r.     '  44  !*<»  b.h.p.,  which  rep r."  ...  ..nng 

tike  60  per  cent  of  the  total  power   1  :v      rhc 

output  during  i(>i4  was  about  50  mili  '   the 

estimated  output  for  the  present  vear  i> 

wwkod  by  ,  ,s  ,f,<v»,  ..^-e,.. 

In   the  Al»«.uiaic   \'.»iiiy   liin^  aie   nine   V  :hc 

distance    from   the    power    house  to  the  fui\:  ,cry 

•  C  P   SriRCV     Etartrical  njuipincal  <4  Um  Alxntar*  CoUMrxa  M 
thi  K.»«cil  UuHryn  Cumpaii) .    J^nal  /_CX.  \»J  jci.  p.  477.  I 
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beinsj  2J  miles  ;  and  in  the  Rhymnev  Valley  six  collieries, 
the  distance  of  the  furthest  pit  from  the  power  house  at 
Penallta  being  7  miles.  The  distance  between  the  Middle 
DutTryn  power  house  (Aberdare  Valley)  and  Britannia 
Colliery  (Rhymney  Valley)  is  some  9  miles. 

Following  the  electrilication  of  a  large  part  of  the  steam 
plant  driving  the  older  collieries,  for  some  years  all  addi- 
tional power  requirements  have  been  supplied  electrically, 
but  the  principal  developments  have  been  the  high-lift 
pumping  pl.mts  and  the  equipment  of  the  new  Britannia 
Colliery  at  Pengam. 

.\fter  considering  alternative  advantages  of  main  steam 


System. 

Aberdare  \'alley — _^,ooo  volts  _vpli:isc  50  periods,  neutral 

earthed. 
Rhymney  Valley — 10,000  volts  ;,-phase  50  periods,  neutral 

earthed. 
Transmission — .\berdare     to     Rhymney,    20,000     volts 

3-phase  50  periods. 

Individual  drive — 

Larger  motors       ...  3,000  volts  3-phase 

Motors  below  50  h. p.  500     „          ,, 

Lighting      no     „     single-phase 


rAnYSGUBOR-WEN. 


\ 


\. 


\ 


\ 


Reference 

Overhead  Transmission  Lines  shown  chus 
Insulated  Cable  in  Ground  ■      ■■ 

Railways 


Fig.  I. — Transmission  Lines,  Aberdare  Valley  Collieries. 


winding,  the  Powell  Duffryn  Company  decided  to  drive 
the  whole  of  the  plant  at  the  Britannia  Colliery 
electrically. 

The  main  winder  house  and  the  electrical  equipment 
were  erected  before  the  sinking  was  started.  The  sinking 
was  commenced  in  June  1910,  and  the  two  shafts,  each 
22  feet  in  diameter,  were  sunk  to  a  depth  of  750  yards  by 
September  1913.  This  sinking  was  seriously  impeded  by 
the  quantity  of  water  met  with,  and  for  many  months 
the  continuous  input  for  pumping  alone  averaged  1,000 
kilowatts. 


The  3-phase  50-period  system  which  was  adopted  as  the 
standard  of  the  Company  in  1903  has  proved  sufficiently 
fle.xible  to  be  used  for  all  colliery  purposes,  the  work- 
ing pressure  being  raised  by  static  transformers  as  the 
distance  of  transmission  and  the  power  requirements 
increased.  While  no  one  system  is  completely  satisfac- 
tory for  every  form  of  drive,  in  the  opinion  of  the  author 
the  3-phase  50-period  system  is  more  flexible  than 
any  other,  and  its  use  is  considered  under  the  following 
headings : — 

Generators   {iurbo-alicrnaiors). — Speed    3,000   and    1,500 
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<  V 
."5 


<i(vunl  Miifi  a  iiijiiiiiuni  of  i.soo  r.p.m.  (or 
'I'tte   i»<.irA«cd   ipeed   nui   unly  rr^ulu  in  economy   in 


NIM  TUNUl 


&AK&O(0 


^MUIU 


Kic.  2.— Trantnii!»Hiii  Line*,  Hcnallta  and  Khvmncy 
Valley  Collieries. 

wcrkins  and  lowxr  first  cost,  but  also  jJlows  more  latitude 

fpr   the   Urger   generators,  four   speeds   being 

t>ct»ccu  750  and  3,000  r.p.m..  compared   with 


'•>  and  «  Bi4umuni  ot  i.joo  r^Lon.  lor  JSI**^**"! 

there  u  ao  d.' 

''-   -f, ^  '    •  -.  •    '  ■ 

at    luii  r  p.m. 
alter  tulmt. 

1 

^■ 

With   lid> 

.    .     t    "•••!   a 


■dt.     For 


id    Clll.il    ilf.v; 


ig    i.Mvt   or 


wiih 


'  'I  spocd-nin|{e  postible 


-Will.  (or 

•'""   K«^'  ^  .  ,    ^tvt 

(actor  po<ir,  and  the  kpace  occupied  UriJc  >»  compared 
with  15  period  motors. 

This  factor  is  not  of  importance  «iih  underground 
haulages,   as    owing   to   llie   width    mn  .     single- 

reduction    hauUges    11    i-.  preferable    in  -   i..   ate 

douhle-reducliun  gear  in  order  to  ;  ■  ;  of 

the  liaulagc  ri.><<iii  and  miiiinn/e  ti  c. 

Utadlitiieoui  dnrti. — The  additional  speeds  oHcred  by  a 
50-pcriod  system  as  compared  with  one  of  15  periods  are 
of  great  advantage,  ij  speeds  being  a\-aiUble  between 
150  r.p.ni.  and  maximum  ^pecd.  as  against  6  s(>eeds  at 
*5  frequency. 

Sl-im'LV  of  Excrcv. 

The  question  whether  a  colliery  ~  its  own 

supply    of  cicclriciil   energy  or    sli.  energy 

from  a  power  company  involves  so  many  lactors  tliat  each 
individual  case  must  be  considered  on  its  merits.  Spealung 
generally,  when  a  supply  is  a\-ailablc  from  a  power  com- 
pany it  should  pay  individual  collieries  to  purchase  the 
electrical  energy  required  and  so  avoid  adding  to  the 
already  multifarious  duties  of    the   c«llierv    ■  cnt 

the  necessity  of  supervising  an  electric  power 

Where,  however,  the  requirements  of  a  s:  .ry 

undertaking  exceed   the    output    of    the    siu ,_.ver 

companies,  it  is  advisable  for  such  undertaking  to  generate 
its  own  electricity  supply. 

The  use  of  exhaust-steam  or  mixed -pressure  turbines  has 
increased   the   field   for   separate    ).'  In    cases 

where  a  colliery  is  equipped  with  n;  windrr*..  the 

cost  of  conversion  I'  .m 

justified.     When  a  >■  .-c 

addition  of  a  11  ure   turtto-alteriialor  with  main 

steam  winding  e  cr  plant  at  a  distance  from  the 

power  house  to  be  economically  supplied  electrically. 

In  other  cases,  coke-oven  gas  is  a\ailalile,  \v  ■     '  l>e 

profitably  utilized  for  supplying  elextiicilv  1  .al 

power  : 

Hrov  lit  of    power    W   Miflficicnt    and  the 


Ci 


cases. 

Au\>ur  /ri>iit/rt.— With    the  increasing  fre—--- 
severity  of  labour  trouble*  in  recent  vears  I: 
of  instating  generating  plant  for  pumping  ana  M.11 
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■  \  ail  eractt>eiicy  al  c«ch  nuin  cciilrc. 
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■•ox. 

, ^  Mil— «n|{iiie   uoriiuUy 

-or. 

ttinf;  s«l— engine   normally 

^^ing  >ct — engine  nomully 


pi. 


I  'i*ru>N'&. 

(a'  '   _    .     .:iNO  Plaxt. 

The  )^iieniting  plant  is  distributed  as  under  : — 

At.  y.Uy 

Ml  '  ■■    >'■■■■■'   ^' iiion — One  5,000  kw.  Eicher 

\'  .irc  turbo-alternalor  running 

!icr  \Vy»AVesting- 

I  rs  at  1,500  r.pm.  ; 


11,000  kw. 

Rkymmty  Valley. 

Penallta. — Two  3,000  kw.  mixed-pressure  Wesiinghouse 
turbo-alternators  at  1,500  r.p.m. ;  the  rating  of  this 
station  being  6,000  kw. 

Bargoed. — Two  1,600  kw.  Nuremberg  gas  engines  driv- 
ing .\.E.G.  flywheel  alternators  at  100  r.p.m.  ;  one 
800  kw.  set  of  the  same  type  running  at  100  r.p.m.  ; 
and  one  ?,ot>o  kw.  Eraser  and  Chalmers-Siemens 
iii!»e'1-prr^-iirr  Hirho-alterii.ilor  :»!  1  <vm>  r.p.m.  ;  the 
I  kw. 

Eli  -  exhaust- 

»team  turtiines  driving  Uick  Kerr  generators  at  1,500 
r.p.m. 

The  total  generating  capacity  of  all  the  stations  is  there- 
fore 34,000  kw. 

Eigs.  3  and  4  >how  the  general  lay-out  of  the  Middle 
LHiffryn  and  Uargoed  power  stations. 

U'ljlfr  ^uf'f'ly. — In  many  colliery  districts  the  provision 
of  a  satisfaclory  supply  of  water  offers  considerable  difii- 
i.'..l;\       li.  of  the  Middle  Duffryn  pow 

w.itrf     -  11  the  Cvimn  Kivcr.     In  noi 


01  circtilaimg  wai. 
'':„.-,--,  ,.;-uUting  water  was  .. 

;  i\N  ox-er  a  slialluw   pond.     Uwing  to  the  ditticully  01 
i;    ■•■.'    ihis   pond   vvalcrliglit,  through   settlement  due  to 
.\        iiigs,  the  pond  has  been   supplemented  by   two 
I  s.  Ilalcke,  each  having  a  capacity 
our. 
I.'  .  ..|>k'  supply  ol  water  is  available  from 
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lation, 
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IS  effected  by  a  Ian 
u.t  ."  lilt,  r  through 
d  ic  same  ihrou,  t  in  the  top. 

1  lie  -U11.1CC  condenser,  wiul.:  ujs  u.tioo  sq.  ft  cooling 
surface,  is  immediately  under  and  parallel  to  the  turbine. 
The  tu  lUst  and  the  condenser  are  connected  by  a 

water-  .id. 

The  cuiiilciisiii^  ;i  -1^ 

pumps,  driven   by   vi  -"n 

slip-ring  typc>  being  hxed  at  the  i;  -u- 

lating  water  pump  is  driven  by  a  1,     -,  'iie 

air  and  water  cxlr.iction  pump  by  a  75  b.p.  motor,  air  being 
extracted  bv  a  jct  01  high-pressure  u-ater  forced  by  the 
centrifui>al  pump  through  the  air  eiector. 

Tlu  he 

event  -^ 

still    be   ru:  •'>• 

chargcvl  l<\  ,  ^  -'P 

suction 

>)  Use  of  Esn.%fsT  SnuM. 

Exhaust  steam  from  existing  winders  and  compressors  is 

ilizcd  at  the  following  collieries  : — 


K 


Kckawi  SicjBi 

,  ,   .. 

EUiot 

Penallta         

Bargoed 

a,boo  lb. 

50,ouu  lb. 
60,000    „ 
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Elliot. — The  first  cxhaust-stcam  plant  was  erected  at 
Elliot  Pit,  and  consisted  of  two  500  kw.  exhaust-steam 
Ratcau  turbines  and  Dick  Kerr  alternators,  steam  being 
delivered  from  the  main  winders  to  two  Rateau 
accumulators. 

The  condensing  plant  comprises  jet  condensers  with 
dry-air  pumps,  the  circulating  water  being  cooled  b)' spray 
coolers. 

This  plant  has  been  in  use  since  1909  ;  and  whilst 
satisfactory  service  is  obtained  during  the  normal  winding 
hours,  the  use  of  this  plant  is  limited  to  the  day  shift  as  it 
cannot  be  run  efticiently  on  live  steam. 

Penaltta. — The  second  application  was  at  Penallta,  where 
the  e.xliaust  steam  from  the  two  main  winders  and  a  com- 
pressor is  utilized  through  two  Rateau  steam  accumulators 
in  conjunction  with  two  3,000  kw.  Westinghouse  mixed- 
pressure  turbo-alternators. 

The  turbines  are  designed  to  give  an  output  of  1,800 
kilowatts  with  60,000  lb.  of  low-pressure  steam,  and  when 
working  mixed  pressure  to  give  an  output  of  3,000 
kilowatts    with    60,000    lb.    of     low-pressure    steam    and 


running  at  2,500  r.p.m.  The  auxiliaiy  turbine,  which 
develops  130  b.h.p.,  exhausts  into  the  low-pressure  steam 
system  between  the  accunnilator  and  the  main  turbine. 

The  following  are  the  consumptions  of  low-pressure  and 
high-pressure  steam  per  kilowatt-liour  when  working 
under  mi.xed-pressure  conditions  : — 


Lo.id 

I.b.  of  Low- 
pressure  Stenm 

Lb,  of  Iligh- 
pressurc  Steam 

Vacuum 
(Bar.  =  30  in.) 

Full 

20 

6-4 

27'S 

3/4 

26-6 

3-6 

27-65 

1/2 

40 

— 

27-9 

The  plant  has  been  in  operation  since  1912. 

Bargoed. — The  latest  application  is  at  Bargoed,  where 
the  exhaust  from  three  main  winders,  steam  compressor, 
and    fan    is    utilized.     Owing   to   the   considerable    back 
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Fig.  5, — Bargoed  Exhaust-steam  Mains  and  Accumulalor. 


19,000  lb.  of  high-pressure  steam  at  150  lb.  per  sq.  in., 
100  degrees  F.  superheat. 

As  this  plant  works  in  parallel  with  the  gas-engine 
station  at  Bargoed,  close  speed  regulation  was  necessary, 
otherwise  the  gas-engine  plant  would  h.ave  been  over- 
loaded each  time  the  plant  changed  from  high-pressure  to 
low-pressure  steam. 

The  makers  were  very  successful  in  this  appUcation, 
tests  showing  that  the  alteration  of  frequency  when 
changing  from  high-pressure  to  low-pressure  steam  did 
not  exceed  0-3  of  a  period.  The  interchange  of  load  when 
the  gas-engine  station  is  working  at  an  average  load  of 
1,800  kilowatts  and  the  turbine  load  is  2,000  kilowatts  does 
not  exceed  500  kilowatts. 

The  condensing  plant  for  each  turbine  is  designed  to 
deal  with  steam  at  the  rate  of  80,000  lb.  per  hour,  the 
surface  condensers  having  a  cooling  surface  of  15,000 
square  feet. 

The  condenser  auxiliaries  consist  of  an  auxiliary  steam 
turbine  driving  a  Leblanc  air  pump,  a  centrifugal  cooling- 
water  pump,  and  a  condensed-steam  extracting  pump,  and 


pressure  on  the  main  winders  with  the  Rateau  system 
(the  back  pressure  varying  from  2^  to  3J  lb.)  it  was 
decided  to  adopt  the  Samuelson  system. 

The  steam  accumulator  is  of  the  gasholder  type  having 
a  capacity  of  12,000  cubic  feet,  the  dimensions  being  : — 


Internal  diameter 
Height  closed  ... 
Height  extended 


30  ft. 

19  „  2  in. 

39  .,  6   „ 


The  average  quantity  of  steam  dealt  with  is  75,000  lb. 
per  hour,  the  momentary  maximum  rate  of  flow  being 
160,000  lb.  per  hour,  any  excess  steam  not  used  by  the 
turbine  passing  to  the  feed-water  heater. 

From  the  working  of  this  plant  since  October  1914  it 
has  been  found  that  the  back  pressure  on  the  main  winders 
never  exceeds  o'5  lb. 

Owing  to  the  pressure  variation  being.very  small  it  is 
impossible  in  this  instance  to  control  the  admission  of  the 
low-pressure  steam  to  the  turbine  by  change  of  pressure, 
as  in  the  Rateau  system  ;  the  supplj'  of  exhaust  steam  is 
therefore  directly  controlled  from  the  steam  accumulator, 
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The  iiijiii  ^witch^;caI  controlling  this  set  is  erected  in 
the  gas-cnginc  hott»e,  the  excitation  and  speed  regula- 
tion being  motor -controlled  from  the  main  switchboard 
through  relay  cables.  Supplementary  main  switchgear  ii 
fixed  in  the  turbine  house,  but  this  is  only  operated  in  an 
emergency. 

The  following  table  shows  the  progress  made  in  reducing 
the  steam  consumption  of  low-pressure  steam  turbines 
during  the  last  6  years  : — 
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Heavy  hydrocarbons 
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Nitrogen... 
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Thermal  value  4UO/410  HTh.L'. — Lower  vaiue. 

Gas  engines. — Gas  engines  of  the  Nuremberg  type, 
double-acting  4-cycle,  are  direct  coupled  to  fl>-wheel 
allcrIlaIor^,  one  of  1,000  k.v.a.,  and  two  of  2,000  k.v.a. 
rating,  running  at  3,000  volts  and  100  r.p.m. 

The  smaller  set  i>  of  the  tandem  type  and  the  larger  sets 


Ko.  al  Srts 

Output  per  Sit 

(Power  Factor 

o7S» 

Spcxi 

Elliot  Pit  (1908) 
i'cnallta(i9ii)    ... 
bargoed  (1914) 
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(,1  (  (jAs-E.\i.iNk  I'uvNT  (Uargocd;. 
Number  of  working  ovens     ...         ...         ...        100 

Type — Regenerative  "  Koppers  "  and  "  Simplex  " 
Coal— average  quantity  carbonized  per  week  4.700  tons 
Coke — average  output  ...     ^,800     „ 

The  gas-engine  plant  is  part  of  Mr.  K.  M.  Hann's 
scheme  tor  dealing  with  small  coal.  The  "  smalls  "  from 
the  Rhymiiey  Valley  arc  washed  and  mixed  at  Hargc<d  ; 
alter  extracting  the  nuts,  beans,  and  peas,  the  smaller 
■,1/0     less    ••  dull  ■    which    is    used    lor    piatent    fuel,   are 

to  the  ferro-coQcrcle  cokc- 
•    ions. 


twin  taiidein,  developing  at  normal  full-load  rating  boo  bJi.p. 
per  cyhiider. 

Cylinders  34  in.  x  43  in.  stroke 

Weight  of  flywheel  of  .•  ,  : i>n* 

l>iaiiielei  ol  shaft  ol  ;., 

These  plants  were  originally  worked  at  average  loads  of 

700  and   1400  kilowatts.     The  ci  ■  '        '  '      ' 

for  one  large  and  one  small  set  i>  . 
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and  exhaust  valves,  and  since  1912  the  plants  have  been 
worked  at  average  loads  of  600  and  1,200  kilowatts,  the 
combined  niaNimum  load  beinsj  2,200  kilowatts.  Since 
modifying  the  rating  of  this  plant,  the  life  of  pistons,  piston 
rods,  and  exhaust  valves  has  increased,  and  no  cylinders 
have  been  cracked. 

Gas  consumption. — Tests  showed  that  the  heat  consump- 
tion of  the  2,000  k.v.a.  sets  was  : — 

At  full  load  ...     12,800  B.Th.U.  per  kw.-hour 

At  half  load  ...     20,400  „  „ 

Load  factor. — In  order  to  utilize  the  surplus  gas  to  the 
best  advantage,  electric  pumping  was  adopted  simul- 
taneously with  the  erection  of  the  gas-engine  plant,  and 
by  providing  high-power  pumps  and  increasing  the  size 
of  lodge  rooms  it  was  found  possible  to  confine  the 
hours  of  pumping  to  from  8  to  12  per  day  at  the  Elliot 
Pit.  The  gas-engine  plant  thus  supplies  the  general 
colliery  demands  during  the  day  and  the  rnain  pumping 
at  night. 

With  an  output  of  14  million  units  per  annum  and  a 
maximum  load  of  2,200  kilowatts,  the  annual  load  factor 
of  the  gas-engine  station  is  72  per  cent. 


{d)  Fuel. 

In  the  case  of  small  collieries,  refuse  or  low-grade  fuel 
for  which  there  is  no  ready  sale  is  used  with  advantage,  as 
fuels  of  this  character  are  not  worth  transportation  ;  but 
where  the  power  demand  is  important,  the  extra  cost  and 
wear  and  tear  of  boiler  plant,  the  cost  of  labour  in  stoking, 
and  the  difficulty  of  maintaining  a  regular  supply  of  steam 
justify  the  use  of  higher-grade  fuel  of  uniform  quality. 

Until  recent  years  the  South  Wales  coal-field  has  been  at  a 
great  disadvantage  owing  to  the  unsuitability  of  the  average 
class  of  "  dry  smalls  "  for  use  on  mechanical  stokers,  the 
main  product  of  the  coal-field  being  of  special  value  for 
hand-firing  for  marine  and  locomotive  purposes. 

With  the  increasing  importance  of  small  coal  much 
attention  has  been  given  to  mechanical  stokers,  and  the 
modified  form  of  furnace  introduced  by  Messrs.  Babcock 
&  Wilcox,  in  conjunction  with  Mr.  E.  L.  Hann,  has 
solved  the  problem  of  burning  "  dry  small "  coals. 

The  tests,  of  which  particulars  are  given  in  Appendix  I, 
show  the  results  obtained  at  the  Penallta  Colliery. 

Fuel  consumption. — No  general  statement  can  be  given 
as  to  the  total  fuel  consumption,  as  in  the  case  of  the 
Powell  Duffryn  Company  14  million  units  are  generated  by 
coke-oven  gas,  about  14-5  million  by  exhaust  steam,  and 
the  balance  of  21-5  million  by  live  steam. 

In  the  case  of  the  Aberaman  Collieries,  the  weekly  coal 
consumption,  operating  on  a  station  load  factor  of  47  per 
cent,  is  2-9  lb.  of  fuel  (one-third  washed  "duff"  and  two- 
thirds  grains),  the  average  calorific  value  as  fired  being 
12,600  B.Th.U. 

The  comparative  heat  consumptions  per  watt-hour  for 
the  gas  and  steam  stations  are  : — 


Average  No.  of 
B.Th.U.  per  WaU-hour 

i8-o 

36-5 


Annual  Load 

Factor 

Gas     

72  % 

Live  steam    ... 

-           47  % 

Transmission  Systkm. 
(rt)  DisTRiKUTiON  Above  Ground. 

ICxperience  has  proved  the  reliability  of  overhead  trans- 
mission with  bare  conductors  for  colliery  supply.  Apart 
from  the  saving  in  first  cost,  the  main  risk  through  the  use 
of  cables  is  avoided,  namely,  subsidence. 

To  secure  safety  it  is  advisable  to  screen  the  overhead 
conductors  at  all  points  where  they  cross  traffic.  The 
efficiency  of  screening  is  dependent  on  reliable  earthing, 
which  is  best  secured  by  a  continuous,  stranded  earth-wire 
of  substantial  section,  the  section  having  a  definite  ratio 
to  the  section  of  transmission  lines  protected,  the  earth- 
wire  being  effectually  earthed  at  each  end  and  connected 
to  intermediate  earth-plates  every  300  or  400  yards.  In 
order  to  minimize  risk,  all  main  conductors  round  the  pit 
head  should  be  run  as  armoured  cable. 

The  overhead  system-  used  by  the  Powell  Duffryn  Com- 
pany in  the  Aberaman  Valley  was  described  in  the  previous 
paper.'''  The  following  modifications  have  been  made  to 
meet  the  developments  in  the  last  9  years  : — 

All  colheries  in  the  Aberdare  Valley  are  now  supplied  by 
a  system  of  3,000-voIt  ring  mains,  protected  on  the  Merz- 
Price  system. 

The  section  of  the  main  feeders  of  hard-drawn  copper 
has  been  increased  to  0'i5  sq.  in.  (19/12  S.W.G.),  the  wires 
being  grouped  in  a  triangle,  for  single  circuits  3  ft.  6  in. 
vertically  and  4  ft.  6  in.  horizontally  ;  with  double  circuits 
the  conductors  are  carried  on  three  cross-arms,  the  circuits 
being  spaced  4  ft.  horizontally  and  the  pliases  3  ft.  verti- 
cally apart. 

The  pilot  wires  for  the  Merz-Price  system  consist  of 
either  one  or  two  3-core  7/21  S.W.G.  paper-insulated  lead- 
covered  cables,  suspended  from  galvanized  steel  catenary 
wire,  7/14  S.W.G.,  by  raw-hide  suspenders,  these  con- 
ductors being  carried  at  the  extremity  of  a  fourth  cross- 
arm  fixed  about  4  ft.  below  the  main  conductors. 

The  average  length  of  span  is  100  ft. 

Wood  poles. — Little  depreciation  is  noticeable  at  the  base 
of  the  creosoted  wood  poles,  which  have  been  erected  over 
10  years. 

The  overhead  wires  radiating  from  the  Middle  Duffryn 
power  station  have  been  displaced  by  3-core  paper-insu- 
lated lead-covered  armoured  cables  to  a  point  well  clear 
of  the  power  station,  washery,  and  railways.  The  over- 
head wires  branch  from  brick  towers,  in  which  the  choking 
coils  and  horn-gap  lightning  arresters  with  liquid  resist- 
ances are  placed. 

Rhymney  Valley  10,000-voli  transmission  lines. — These  run 
from  Penallta  to  Bargoed  a  distance  of  3J  miles.  Dupli- 
cate circuits  are  run  between  Penallta  and  Pengam  on 
the  same  "  A  "  and  "  H  "  poles,  and  between  Pengam  and 
Bargoed  on  separate  poles,  the  two  pole  lines  being  about 
30  ft.  apart.  This  allows  the  Britannia  Colliery,  which 
is  completely  electrified,  to  be  supplied  from  either  of  two 
power  houses  by  two  sets  of  duplicate  transmission  lines, 
grouped  on  three  independent  pole  lines. 

Wood  poles  are  employed  36  ft.  long,  the  maximum 
diameter  at  the  base  being  11^  in.  and  at  the  top  7^  in., 
and  the  pole  being  buried  in  the  ground  5  to  6  ft. 

The   conductors  are   hard  drawn   copper,   o"25    sq.   in. 
section  (37/13  S.W.G. ).     The  phases  are  spaced  vertically 
*  See  page  389. 
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consist  at  each  end  of  not  less  than  300  yards  of 
o'l  sq.  in.  split-phase  papcr-insuhited  lead-covered  double- 
wire-armoured  cable,  the  annourinj^  being  connected  to 
the  continuous  earth-wire  at  each  end  and  to  the  main 
earth  connections  at  the  Middle  Duffr^-n  power  station 
and  Britannia  Collieries. 

Figs.  I  and  2  show  the  general  network  of  the  Abcrdare 
and  Rhymney  V.illeys,  and  Fig.  i)  the  route  of  the  20,000- 
volt  transmission  line.  With  the  completion  of  the  latter 
the  Britannia  Colliery  will  be  fed  from  three  power  houses 
by  three  independent  routes.  The  annual  load  factor  of 
the  entire  undertaking  will  be  as  high  as  55  to  60  per  cent, 
while  the  reserve  plant  in  either  valley  will  be  available 
for  the  whole  undertaking. 

(6)  DrsTKiBUTiox  Underground. 
In  contrast  with  some  other  countries  the  working  con- 
ditions in  the  British  coal  lields  require  all  conductors  to 
be  insulated,  and  in  order  to  prevent  damage  due  to  move- 


The  Special  Rules  issued  in  11)05  under  the  Coal  Mines 
Regulation  Act,  1887,  permitted  tile  use  of  both  systems. 
Following  the  Report  of  the  Departmental  Committee, 
consisting  of  Mr.  (now  Sir)  R.  A.  S.  Rcdmayne,  Mr.  C.  H. 
Merz,  and  Mr.  R.  Nelson,  in  1910,  the  new  Rules  issued 
under  the  Coal  Mines  Act,  1911,  linally  decided  this 
question.  Regulation  129  calling  for  cables  with  a  metallic 
covering,  electrically  continuous,  and  efficiently  earthed 
where  the  voltage  exceeds  low  pressure  (250  volts). 

(c)  Earthing  Connkctions. 

Regulation  125  (/))-  under  the  Coal  Mines  Act,  191 1, 
states  : — 

"All  the  conductors  of  an  earthing  system  shall  have 
a  conductivity  at  all  parts  and  at  all  joints  at  least  equal  to 
50  per  cent  of  that  of  the  largest  conductor  used  solely 
to  supply  the  apparatus  a  part  of  which  it  is  desired  to 
earth.     Provided  that  no  conductor  of  an  earthing  system 


ii^M, 


Fit;.  S. — Railway  Crossing  of  20,000-volt  Line. 


ment  in  the  workings  all  conductors  arc  usually  suspended 
bj'  leather  thongs. 

To  ensure  continuity  of  supplv  for  important  pumping 
plant  duplicate  double-wire-armoured  cables  are  used, 
either  placed  on  opposite  sides  of  the  shaft  or  preferably 
run  in  separate  shafts  so  as  to  prevent  the  supply  being 
interrupted  by  mechanical  injury. 

When  electricity  was  iirst  applied  to  mining  on  a 
large  scale  two  distinct  cable  systems  were  used.  In 
one  system  the  aim  was  to  obtain  safety  by  insulating 
and  separating  the  conductors,  and  in  the  other  by  the 
use  of  multicore  armoured  cable.  The  latter  system  has 
been  used  b)'  the  Powell  Duffrj-n  Company  since  1903 
with  the  cable  sheaths  earthed. 


shall  have  a  cross-sectional  area  of  less  than  0022  of  a 
square  inch." 

To  improve  existing  systems  a  separate  earth  cable  is 
permissible,  but  to  prevent  the  earth  connection  being 
opened  it  is  advisable  in  order  to  give  the  necessary 
conductivity,  where  the  section  of  the  armouring  is  in- 
sufficient, that  the  earth  conductor  should  form  an  integral 
part  of  the  cable  : — 

(i)  by  using  the  copper  sheath  under  the  lead, 
(2)  as  an  additional  conductor  {i.e.  a  4-core  cable  for 
3-phase  working), 

•  General  Regulations  dated  lo  July,  1913,  made  by  the  Secretary  of 
State  under  Section  86  of  the  Coal  Mines  Act,  igii  (i  &  2  Geo.  V,  c.  50). 
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slidii  ■■>;  i-iiium  !•>  n ix  null  to  all  earthing  systcii)  at  tlic  \\    "     '  •    .:  !    '  '    iii  tlie  mine.     The 

itlirfacc  ot  the  mine."  ^d  bv  careful  con- 

The  question  of  llu-  A  siilciaUuiiiJ  tht  Ci»wum»J.*uct»i4  each  individual  case.  .  .  . 

"earth'    is   left   tf>  tin  .>  .   . 

U.    be    >u|>cin.%l     lu  "li,   order    to    m 

luKi  tliedal  Mini>  c.iii!.iiiL"   -v-Uiii   ~! 
Act,  1911. 

•  Col  M.,.w  , 


11     Oc^iiriji    i\i  ^11.  ,(t  I'll! 


■!""•■  '■" 
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as  regards  moisture.  As  so  much  depends  upon  tlie  earth 
connections  being  in  order,  and  as  earth-plates  are 
necessarily  out  of  sight,  it  is  advisable  always  to  provide 
for  the  main  connection  to  eartli  at  the  surface  of  the  mine 
at'lcast  two  plates  placed  at  some  distance  apart,  but  con- 
nected together  in  case  of  the  failure  or  disconnection  of 
one  of  them.*  Two  earth-plates  properly  placed  20  or 
30  ft.  apart  in  good  surroundings  and  connected  to  each 
other  are  nearly  twice  as  efficient  as  a  single  earth-plate 
equal  in  surface  area  to  the  two  together. 


contact  surface  forms  a  good  earth  connection.  Earth- 
plates  should  be  not  less  than  4  ft.  square,  placed  preferably 
in  an  upriglit  position  in  the  ground,  packed  hard  on  each 
side  with  about  12  in.  of  broken  coke  free  from  sulphur. 
The  depth  at  which  they  are  buried  must  depend  upon  tlie 
condition  of  the  ground  in  regard  to  moisture.  The  place 
selected  should  be  permanently  wet  or  at  least  damp." 

Whilst  recognizing  the  difficulty  of  specifying  how  an 
efficient  earth  connection  should  be  made,  the  author  is  in 
agreement  that  the  main  "earth"  must  be  placed  at  the 

IVell  rammtxl  ji7/X~-___ 

Mould  i  CIdu 


We Coke- 

Sect/on  taken  on  line  A,B. 


a)Bisnieisitiiiiii  103  ares-fszioiziise  jbs  ion  a/nfuiiinoa  B7  6S■^i^■l0l^3■^se7s^ 

Yards 

CUW£.    OF   VOLTAQES   T/llf£N    ALONG    LINE    A,B. 

Fig.  10. — Location  of  Earth-plates  Nos.  (i)  and  (2),  and  Potential  Gradient  in  vicinity  of  Earth-plates 

when  passing  100  amperes  at  50  periods. 


"  Earth-plates  may  be  of  copper,  cast  iron,  or  galvanized 
iron. 

'•A cast-iron  plate  with  projecting  forks  to  give  a  large 

'  In  the  Regulations  made  bj'  the  Board  of  Trade  under  the  pro- 
visions of  Special  Tramways'  Acts  or  Liglit  Railway  Orders  for  the 
earthing  of  rails  forming  return  conductors,  it  is  provided  that  two 
earth-plates  (or  connections)  not  less  than  20  yards  apart  shall  be  used, 
and  further  that  the  following  test  shall  'periodically  be  applied 
(Regulation  5  (6))  :— 

"The  earth  connections  referred  to  in  this  regulation  shall  be  con- 
structed, laid,  and  maintained  so  as  to  secure  electrical  contact  with 
the  general  mass  of  earth,  and  so  that,  if  possible,  an  electromotive 
force,  not  exceeding  four  volts,  shall  suffice  to  produce  a  current  of  at 
least  two  amperes  from  one  earth  connection  to  the  other  through  the 
earth,  and  a  test  shall  be  made  once  in  everj'  month  to  ascertain 
whether  this  requirement  is  complied  with." 


surface  of  a  colliery,  owing  to  the  difficulty  of  con- 
structing and  maintaining  efficient  earth-plates  under- 
ground. 

With  regard  to  the  type  of  "earth"  at  the  surface,  it 
is  desirable,  instead  of  eaving  this  point  to  be  settled 
individually,  that  the  usual  power-station  practice  should 
be  followed  in  which  several  earth  connections  are  made 
by  a  copper  ring-main  connected  to  steam  condensers, 
circulating-water  pipes,  feed  pipes,  and  other  metal-work  in 
direct  connection  with  earth,  or,  in  cases  where  it  is  not 
possible  to  make  such  an  earth  connection,  that  the  contact 
area  of  each  coke  bed  should  be  materially  greater  than 
that  specified  in  the  General  Regulations  issued  under  the 
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insulated  copper  conductors.  The  plates  \*-rre  buried 
verv  -  :"■■  ■  ■  '  '  to  one  another,  surrounded  by  I  j  inches 
of  I  ,  well  ranuiied. 

1  sue   of   the  metal   e.irtli-platc 

is  I.  .lit    compared  with  the  ana  ul 

the  I'lale  0/  K  sq.  ft.  area  surrounded  by 

II  ■  surface  contact  of  the  coke  with 
the  surroumling  strata  is  about  40  square  feet,  which  results 
in  the  resistance  between  the  earth-plate  and  the  outer 
coke  surface  being  approximately  05  per  cent  of  the  total 
resi                            .  with  the  coke  bed  surfi 

1  csts  were  made  on  two  L  . 

^irii..i<.J  Ai  jlhjve  described,  buried  iS  yaids  jpatl  111 
cxcuv-itions  4  ft.  X  3  ft.  X  8  ft.  deep,  the  plates  beinj^ 
~urii'unded  by  moist  clay,  which  was  reached  3  feet  from 
the  Mirlace,  the  upper  bycr  of  soil  consisting  of  marl  and 
mould  well  consolidated.  Plate  No.  (i)  was  45  yards,  and 
Plate  No.  (3)  60  yards,  from  a  canal  in  which  the  water  was 
2  feet  below  the  normal  ground-level. 

T  'f  thc^e  earth-plates  was  measured  with 

.i\U  A    M    50    periods.       Fig.    10    ^!iows     the 

|Ki~iluin^  ii    .  ad   the   potcnl  .1 

III  the  \iciiii;'.  ,  I  a  current  of  1  '  ,  ■.  > 
wa-  p.iv-iiig.  The  potential  gradient  was  measured, 
by  nicaiis  ut  an  electrostatic  voltmeter,  between  an  insu- 
lated exploring  bar  l>clow  the  surface  (and  a  weighted 
III'  '  '  '  (  10  in.  diameter  for  surface  readings)  and  an 
1!:                       i-arth. 

ire  of  230  volt-  -- 

I  . '  L-  top  of  the  t..  .; 

0  feet  bek>w  the  surface)  the  pressure  to  earth  at  tl 
surface  of  the  ground  immediately  above  the  carth-plaii. 
was  150  volts  when  the  current  was  only  100  anlpcre^. 
At  a  distance  of  1  j  feet  from  the  earth-plate  there  was  no 
appreciable  ditiercncc  of  pressure  between  tlic  surface 
and  an  exploring  point  6  feet  below. 
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To  test  the  ability  of  these  earth-plates  to  carry  current 
for  a  considerable  period,  alternating  current  at  $0  per:    <- 
was   passed    between    No.    (2)  earth-plate   and    the    i:  ■ 
station  ■■  cirth  "  at    .  t  .^ 

hours.     Tliereadii;.  •    — 


Time  in  Minitte» 
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15 
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US          i 

334 

««7 
J  15 

2«) 
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The  gradual  fall  in  resistance  over  a  period  of  two  hours 
when  current  is  passed  through  the  earth-plate  is  due 
to  the  decrease  in  resistance  of  the  clay  sunxxinding  the 
coke  bed  the  temperate  .; 

The    ul  have    been  my  assistant. 

Mr.  J    W 
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to  operate,  the   potential  at   the   earth-plaic 
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been  not  less  than  500  volts  above  earth.  Any  such 
pressure  on  tlie  earth-plates,  although  of  momentary 
duration,  is  dangerous,  as   it   would    result    in    the   cable 
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Fig.  II. — Pressure  between  No.  (2)  Earth-plate  and  Earth 

when  Alternating  Current  at  50  cycles  is  passing. 

Rcidings  taken  one  minute  after  pressure  applied. 

sheathings  and  any  metal  connected  to  the  main  "  earth  " 
being   raised   to   a   dangerous   pressure.     It   is   therefore 
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Fig.  12.— Fall  in  Resistance  of  No.  (2)  Earth-plate  to  Earlh 
when  passing  Alternating  Current  a    50  cycles  600  volts    • 
for  2  hours. 

essential  that  a  different  type  of  main  "  earth  "  should  be 
used  from  that  recommended  by  the  Regulations,  or  else 
that  the  number  of  earth-plates  be  increased. 

(e)  E;.4rthixg  of  System. 

The  general  safety  has  been  much  increased  by  the 
Regulations  issued  in  1913,  which  provided  that  all 
conductors  where  pressure  exceeds  low  pressure  (250  volts) 
must  be  protected  by  a  metalhc  covering  electrically 
continuous  and  efficiently  earthed  ;  but  the  author  suggests 
that  when  the  Regulations  are  next  under  revision  Regula- 
tion (124)  should  be  amended  so  as  to  make  it  compulsory 
to  earth  the  neutral  point  of  all  polyphase  systems. 

The  main  advantage  of  working  with  one  point  definitely 
earthed  is  the  impossibility  of  continuing  working  with  a 
definite  fault  on  the  system.  While  working  with  a  fault 
on   the   system    is    disallowed    by   Regulation   (124),  the 


possibility  of  continuing  working  with  one  fault  on  the 
system  is  still  considered  an  advantage  by  some  of 
the  advocates  of  an  miearthed  svstein. 

Regulation  124  (c)  states  that — 

"  Every  part  of  a  system  shall  be  kept  efficiently  insu- 
lated from  earth,  except  that  (i)  the  neutral  point  of  a 
polyphase  system  may  be  earthed  at  one  point  only  ; 
(2)  the  mid-voltage  point  of  any  system,  other  than  a  con- 
centric system,  may  be  earthed  at  one  point  only  ;  and  (3) 
the  outer  conductor  of  a  concentric  system  shall  be 
earthed.  Where  any  point  of  a  system  is  earthed  it  shall 
be  earthed  by  connection  to  an  earthing  system  at  the 
surface  of  the  mine." 

Under  the  General  Regulations,  Part  3  of  Memorandum 
on  Electricit}'  Regulations,  Regulation  124: — 

"  Section  (c). —  ...  In  a  modern  3-phase  installation  in 
which  the  apparatus  and  cables  are  carefully  constructed 
and  installed,  it  will  usually  be  found  desirable  to  earth  the 
neutral  point.  In  general  it  may  be  said  the  advantage  of 
earthing  the  neutral  point  is  increased  by  the  use  of  cables 
provided  with  an  efficient  metallic  covering." 

"  Section  (</). — The  most  efficient  means  of  indicating  any 
defect  in  the  insulation  of  a  system  is  to  arrange  so  that  in 
the  event  of  any  leakage  of  current  the  faulty  circuit  shall 
be  made  dead  automatically.  This  can  be  done  imme- 
diateh'  there  is  a  fault  to  earth,  provided  one  point  of  the 
system  is  connected  to  earth.  .  .  ." 

SWITCHGEAR. 

(a)  Power  Stations  and  Sub-statioxs. 

The  switchgear  conforms  to  the  standard  practice  in 
power  stations. 


N" 7  circuit     .,     ,-=-^ 
Lower  Duff riin 


Ponertransf? 


Spdre_cdl__ 
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MyMng'smic/?  y 


Power  transfP 
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Sjidre__ 


Vn^sm'Ccli 


Sfiookn.  Curbo.  (ibn/i) 


ZMokw.  turbo. 


Zfioolm.  turbo. 


1"^ 


Fig.  13. — Diagram  of  Middle  Duffryn  Switchgear. 

Middle  Duffryn  power  station. — Fig.  13  shows  the 
method  of  grouping  the  busbars,  generators,  and  feeder 
switches. 

The  switchgear,  which  is  erected  in  a  separate  building, 
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KiG.   14.— Diagram  of  Khymncy  Valley  Switchgear. 


Ten  feeder  switches  are  provided,  the  ends  of  each  rinf>  house,  as  Nhown  lu  Figs.   15   and  16,  the  NWitcbrs   being 

iri-d-  Iv  operated   and   the  control    pillars  being  00 

!  ;el. 

IktIwci-ii    IIic     iiculial    aiul    each  i  lie    I'u-I'.iii    arc                                                                             be 

111,   uvcrluad   and    reversc-curiciit  separated   iiit"    tuo                         ,                                        .c4, 

device*.  each  section  ot  the  ring  being  again  diviMbIc  (or  repairs 

The  feeders  are  protected  on  the  Merz-Price  system  and  by  unbolting   link*.      When    the  ring    t>u>bar    i>  divKled, 

by  time-limit  overload  apparatus.  each   section   of    the    bar    has   direct    connection    vith 

/'.■n.!.'.".i  s.'.i'           ;    .-    14  »how>  the  method  of  .  the  IVii.illta  and  Bargoed    >t.r.                 '                    can  be 

i!i>    'h;-:  I  -                          and   >witches,    either    ,  given  Irom  cither   section    o(                                       c    main 

Iv  to  each  puini  ui  liic  winder  and   to    '                                                      ukis   which 

jfe  split  for  repair*.  supply  the  renu 
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The  3,000-volt  busbars  are  treated  in  a  similar  manner. 

In  the  first  instance  the  supply  was  given  to  each 
section  of  the  busbars  by  one  1,000  k.v.a.  transformer. 
This  equipment  is  now  being  increased  to  two  1,000  U.v.a. 
transformers  per  section. 

Bargoed. — Fig.  14  shows  the  arrangement  of  the  busbars, 
generators,  and  feeder  switches.  The  busbars  are  in 
duplicate,  the  generators    and   feeders   being  connected 


Generators — Time-limit    overload    and    reverse-current 

relays. 
Feeders — Time-limit  overload  and  Merz-Price  protective 

system. 

The   pressure   is   controlled   at   the   power    station    by 

Tirrill    regulators.     This    has    resulted   in    an   improved 

power  factor  on  very  fluctuating  loads.     Having  regard  to 

the  variation  of  25  per  cent  in  load  in  either  valley  in  a  few 


^  /  ^  ///  ■'  ^  /  / 


Fig.  15. — 10,000-volt  Switchgear,  Penallta  and  Britannia  Collieries. 


to  either  of  the  busbars  through  interlocked  isolating 
switches. 

The  busbars  are  in  screened  chambers,  erected  on  the 
main  engine-room  floor-level,  the  switchgear  and  operating 
platform  being  9  feet  6  inches  above  the  main  floor-level, 
as  shown  in  Figs.  17  and  18. 

The  protective  arrangements  are  as  follows  : — 


seconds,  it  was  found  difficult  to  maintain  a  satisfactory 
pressure  until  the  plant  at  the  various  power  houses  was 
controlled  by  these  regulators. 

The  power  factor  varies  between  the  following  limits  : — 


Aberdare  Valley 
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further  extensions  some  of  the  larfjcr  motors  will  probably  j   the  supply  to  be  renewed  with  a  minimum  of  intetrupiion  ; 

be  tilted  with  powcr-fMTtor  correctors.  it                                                      f  the  enclosed  irpc  being 

rcj    .  .1. 

(6)  Motors. 

OriRiiially   all    motors    were    controlled    by    screened  SfBsrATiON  Eql'Ipuext. 

panels,  (111  hiLi  [vt-u;c  parts  being  protected  by  earthed  '■       to.oool^.ooo-roll  sy%lfm.—'Ttte  two  ijooo  kw.  gmentton 

mcl.ll    s.i                    :lovkcd   with  the    iwjlating    switches  at  Penallta  are  run  at  lo.ooo  vol!      '                "'                  '.ed 

''■'"'M>                   -;car  is  now  displaced  by  pillars  of  rigid  through   a  reMNtaiicr,   and   tlu                                              jo 

mclji  cutiiiuuMt;  iiic  isolating  switch,  oil  switch,  overload  system   direct.      The    gencratots  m    tlic    uJJici     sui^oos 
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run  at  3,000  volts,  and  their  neutrals  are  earthed  through 
resistances. 

The  first  10,000-volt  sub-station  equipment,  which  is 
now  being  increased,  consisted  of  : — 

PenalUa. — Two  mesh  to  star  transformers  10,000/3,000 
volts,  rating  1,000  k.v.a.,  the  transformers  being 
of  the  oil-insulated,  water-cooled  tj^pe. 

Britannia. — Three     ditto. 

Bargoed. — Two    ditto. 

For  earthing  the  neutral  point  of  the  10,000-volt  side  of 
the  mesh-conncctcd  transformers  at  Bargoed,  when  the 
supply  is  maintained  from  Bargoed  alone,  neutral-point 
transformers  arc  used. 


Main  Winder  Willi  12  ft.  to 
22  ft.  Cylindro-conical 
Drum  and  Two  Motors 


Depth  of  shaft         

..     730  yards 

Output  of  coal  per  hour    ... 

..     360  tons 

Net  load  of  coal  per  wind... 

..         6     „ 

No.  of  trams  per  cage 

4 

Diameter  of  rope 

2^  in. 

Max.  speed  of  rope 

72  ft.  per  sec. 

Weight  of  unbalanced  load 

13  tons  2  cwt. 

Time  of  wind           

48  sec. 

Time  of  each  complete  cycle 

..       60    „ 

Converter  sets, — The  energy  is  converted  by  two  con- 
verter sets,  each  capable  of  supplying  one  main  winder 
(Fig.   19),  each  set  consisting  of  an  induction  motor,  two 
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Fig.  ig. — Arrangement  of  Electric 


yx)-vo\t  system. — Each  colliery  has  duplicate  3,000/500- 
volt  oil-insulated  mesh-star  transformers  for  supplying 
the  smaller  motors. 

wo-volt  single-phase  system  for  lighting. — This  is  supplied 
by  small  transformers  connected  across  one  of  the  phases. 

Individu.^l  Drives. 
(a)  Main  Winding — C.C.  Motors. 

The  Britannia  pits  of  the  Powell  Duffryn  Company  are 
equipped  with  two  main  winders,  supplied  by  Messrs. 
.Siemens  Brothers  Dynamo  Works,  the  mechanical  parts 
being  by  Messrs.  Fraser  &  Chalmers. 

The  10,000-volt  3-phase  supply  is  converted  to  continuous 
current  by  two  Ilgner  converter  sets. 

The  main  winders  each  have  a  parallel  drum  14  feet  in 
diameter,  for  use  during  the  sinking  period,  designed  to 
form  part  of  the  final  drum  14  ft.  to  22  ft.  cylindro- 
conical  type.  Each  main  winder  is  coupled  direct  to 
two  motors,  rated  to  develop  as  a  maximum  4,300  horse- 
power. 

The  Ilgner  sets  are  designed  for  a  winder  duty  as 
under  : — 


continuous-current  generators,  and  a  30-ton  flywheel. 
When  the  colliery  is  further  developed  a  third  (spare) 
Ilgner  set  will  be  added. 

The  two  sets  are  erected  in  line,  with  three  needle-type 
flexible  couplings,  combined  with  friction  clutches  between 
the  wheels  and  converter  sets,  so  that  the  two  flywheels 
can  be  run  together  with  either  converter  set,  the  two 
sets  being  of  100  ft.  length  over  all. 

Owing  to  the  proximity  of  the  winder  Iiouse  to  the 
shafts,  special  care  was  taken  in  the  design  of  the 
foundation.  The  main  foundation  consists  of  a  rein- 
forced concrete  girder  as  shown  in  Fig.  20. 

Ilgner  comrerter  sets.  Induction  motors. — During  the 
sinking  period  one  converter  set  was  used  for  both 
winders,  each  of  its  generators  supplying  one  motor  on 
each  winder.  As  the  10,000-volt  supply  was  not  available 
at  the  commencement  of  the  sinking,  the  induction  motors 
were  supplied  at  3,000  volts,  their  stater  circuits  being 
temporarily  connected  in  mesh,  the  motors  then  each 
developing  a  maximum  of  750  b.h.p.,  the  motors  being 
designed  for  full-load  output,  when  star  connected,  at 
10,000  volts. 

The   motors   are  of  the  enclosed   self-ventilating  type 


t'\K'K<      |.  I  I..  Ti..i<   n  \      M'lM.IIT'     '•■    vnviv, 


toi««l  «tlCU    »lJUtll>|{   up  Alul 


(.'rntinriout  oulpul  ... 

tor  al  (uli  luyl> 


1, 7^0  b.h.p,  cjicU 
•  •o  vollk.  J-plui>c 


u   rmird    in    tt^vr    jt    m. 


1    <rf 


Wbru  Ihe  nuun  winder  is  u-otkiiig  ai  full  duly  nutins 
minute,  the  input  oi  the  ll|;ucr  «cl  will 

^>f  r(|(B«a/<>r>. — The  »pred  o(  the  luolor  u  controlled 


u  to  ^  000  voltt. 


1  <riu|<cf  aiuro  rt»e 


4<j  dcgf  CTs  C 


-.-Q2 


MMtftCT 


B 


B 


fl 


to 


^1 


i 


■5ooe©e 


iv:: 


S0O-«Ht 


^TiittM 


1>J>1'J 


Windini*  Plant  at  Hrilannia  Colliery. 


hy  »eries  transformers  in  the   motor  circuit,  the   secon-  £rfi/<i/nj(i.— The  excitation  f-r  ilic  dcUU   T  the  uinJii;^ 

daries  0/  the  trans/ormers  supplying  current  to  an  indue-  motors  and  of  the  variable-vo. 

tion  motor  arranged  to  \-ary  a  liquid  resistance  in  the  rotor  one  of  two  80-kw.   2X>.volt  li.   .   .  .^w.^....          ...>vv,  -.... 

circuit.     The  maximum  slip-ring  voltage  is  700  volts.  I'^M-lcrs.     An   accumulator   of   60   kw.   capacity   on    the 

r..                                               ■    .ch   set  is   designed  for  a  hall-: 


ma  >. 

being  3,10a  kiiuMdUs. 

!  ■  per  machine 

Tcuipcrature  rise     ... 


.:ts,  the  continuous  rating  Tli 


:t  (XX)  volts 
93  ;  j>cr  cent 
40  degrees  C. 


r  ■■■■■■..■ 

poK 

con.  Id. 

/ .    .  I     is    a    solid    steel    casting 

weighing  30  tons,  in  a  planisticd  steel  casing. 

'  13  ft.  6  in. 

30  in- 

Sturcd  energy  at  max.  speed       ...     31,000  ft. -tons 

The  t. 
pressure 


arranged  so  that  any  tU' 
!n  seric->  with  the  tw  ■  •• 
The  winding  inoi 


^vslem.  >o  Ihst  in  the 


1'    t!>.e    control    iMMitl   are 
.  1  be  run 
rr. 

le  excita- 
: -c.iig  opened. 


(A)  The  main  control  lever  controlling  the  exotation  of 

t! 

(B.  Tlu 
L     The  emergency  brake. 


410 


SPARKS:    ELECTRICITY   APPLIED   TO   MINING. 


winding  motor  while  the  brake  is  "  full  on,"  and  also  the 
brake  cannot  be  applied  whilst  the  full  current  is  flowing 
in  the  motor. 

An  interlock  is  also  provided  so  as  to  prevent  the  trip 
gear  of  the  emergency  brake  being  reset  unless  the  main 
control  lever  is  in  the  "  off  "  position  and  tlie  brake  control 
lever  in  the  "  full  on  "  position. 

(A)  The  main  control  lever,  which  is  connected  to  the 
main  controllers  and  depth  indicator,  is  controlled  by  cams 
on  the  latter  so  that  the  winding  motor  cannot  be 
accelerated  beyond  a  predetermined  rate.  Should  the 
driver  neglect  to  operate  the  control  lever,  the  winding 
motor  is  automatically  retarded  and  brought  to  rest. 


to  the  motor  shafts,  the  couplings  being  fitted  with  cross 
keys  to  relieve  the  bolls  of  llie  shearing  stresses. 

Brakes. — The  drum  is  tilted  with  two  sets  of  po>t  brakes, 
the  brakes  being  capable  of  pulling  up  and  hoUliug  at  any 
point  in  the  shaft  a  lowering  load  of  8  tons. 

In  addition  to  a  liand-operated  band  brake  each  flyvifheel 
is  provided  with  an  electromagnetic  brake  acting  on  the 
rim  of  the  wheel  and  capable  of  bringing  the  converter  set 
— with  one  flywheel— to  rest  from  full  speed  in  8  minutes. 
The  time  taken  by  the  same  set  to  come  to  rest  when 
running  free  is  about  one  hour. 

Operation. — During  the  sinking  period  each  winder  was 
operated  by  one  motor,  the  drums  being  of  14  ft.  diameter. 
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Fig.  20. — Half  Foundation  Block  for  Ilgner  Converter  Sets. 
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(B)  The  brake  control  lever  is  connected  to  a  cross  shaft 
which  is  coupled  to  the  operating  valve  on  the  brake 
engine. 

(C)  The  emergency  brake  is  applied  by  either  of  the 
following  means  : — 

(1)  By  hand. 

(2)  By  the  current  failing. 

(3)  By  the  air  pressure  failing. 

(4)  In  the  event  of  overwind  by  either  cage. 

(5)  In  the  event  of  excessive  overload  on  the  winding 

motor. 

Mechanical  parts. — The  drum  shaft  is  of  24  in.  diameter 
and  3  in.  bore,  with  journals  22  in.  x  40  in.  The  shaft  is 
forged  with  solid  half  couplings  at  each  end  for  coupling 


The  loads  consisted  of  men,  rubbish,  building  material, 
and  water,  the  maximum  unbalanced  load  being  8  tons. 

On  completion  of  the  sinking  to  750  yards,  operation 
was  continued  with  the  14  ft.  parallel  drum  with  one 
motor  raising  two  trams  of  coal  or  rubbish. 

Following  the  partial  opening-out  of  the  colliery,  as  the 
cylindro-conical  drum  could  not  be  erected  for  some 
months,  a  balance  rope  has  been  fitted  on  the  winder  with 
the  14  ft.  drum,  thus  enabling  one  motor  to  raise  four 
trams  of  coal  (6  tons).  Working  under  these  conditions 
with  ig  winds  per  hour  and  a  winding  time  of  80  seconds, 
the  number  of  kilowatt-hours  taken  by  the  Ilgner  set 
averaged  over  one  hour  is  37  per  ton  of  coal  wound. 

On  completion  of  the  cylindro-conical  drum,  when 
winding  360   tons   of   coal  per  hour,  the   input   into   the 
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Ilgnerset  will  be  1,300  units  per  hour,  or  3  J  units  per  ton 
of  coal  wound  from  730  yards. 

(/>)  Main-  Winding — A.C.  Motor. 

A  winder  driven  b\-  a  direct-coupled  induction  motor  is 
erected  at  the  Abercwmboi  Colliery.  The  duty  for  which 
it  was  designed  when  fitted  with  a  tail  rope  of  equal 
weight  to  tlie  winding  rope  is  as  follows  : — 


Depth  of  shaft     

Output  of  coal  per  hour 
Net  load  of  coal  per  wind 
Number  of  trams  per  wind 

Time  of  wind      

Time  of  each  complete  cycle  , 


240  yards 
180  tons 
50  cwt. 

35  sec. 

45    .. 


The  3-phase  motor  is  wound  for  3,000  volts  working 
pressure  and  has  its  rotor  mounted  on  a  continuation  of 
the  drum  shaft.  The  continuous  rating  of  the  motor  is 
375  b.h.p.,  the  maximum  horse-power  developed  during 
the  acceleration  period  being  700,  with  a  power  factor 
of  075. 

A  liquid  controller  is  provided  for  starting  and  regulat- 
ing the  motor  and  is  interlocked  electrically  with  the  oil- 
break  main  and  change-over  switches  for  reversing  the 
motor.  The  resistance  in  the  rotor  circuit  is  determined 
by  the  height  of  the  liquid,  which  is  varied  by  a  sluice 
valve  connected  to  the  controller.  The  liquid  is  cooled 
by  pipes  in  which  water  is  circulated,  and  is  pumped  from 
a  storage  tank  in  the  base  of  the  controller  by  a  small 
electrically-driven  centrifugal  pump. 

The  winder  is  controlled  by  one  lever  which  is  connected 
to  the  main  stator  switch,  tlie  controller,  and  the  brake 
engine. 

The  controller  can  maintain  a  minimum  motor  speed  of 
2"5  r.p.m.  with  one-tenth  normal  torque  for  15  minutes  for 
rope  e.xamination,  etc. 

The  drum  brakes  are  of  the  post  type,  and  are  weight- 
loaded  air-operated  with  the  Whitmore  patent  self-adjust- 
ing and  variable-load  appliances  b}'  which  the  driver  can 
apply  any  desired  load  upon  the  brake  according  to  the 
amount  that  the  foot  lever  is  pressed  down. 

The  air  supply  for  the  brake  cylinder  is  provided  by 
an  electrically-driven  compressor  set.  This  set  consists 
of  a  compressor  direct-coupled  to  a  3-phase  motor  with 
automatic  starting  and  stopping,  controlled  by  the  pressure 
in  the  receiver,  the  working  value  of  which  is  60  lb.  per 
square  inch. 

Should  the  power  supply  fail  either  through  failure  of 
the  main  supply  or  the  operation  of  the  overload  main- 
switch  relays,  the  brakes  are  automatically  applied  and  the 
winder  drum  brought  to  rest. 

A  dial  depth-indicator  is  used,  with  which  is  incorpo- 
rated the  overwinding  gear.  The  latter  in  case  of  an 
overwind  applies  the  brakes  and  cuts  off  current  from 
the  winding  motor. 

This  winder  has  been  in  satisfactory  operation  for  the 
last  six  years.  The  "peak"  due  to  the  sudden  application 
of  a  load  of  750  k.v.a.  every  45  or  50  seconds  is  satis- 
factorily dealt  with  at  th6  power  station  by  the  Tirrill 
regulator. 

The  number  of  units  per  ton  of  coal,  wound  without 
a  balance  rope,  is  i'6  when  winding  25  cwt.  of  coal. 


(c)  Pumping. 

When  steam  was  used  for  the  main  pumping  the  prin- 
cipal pumping  stations  for  the  Aberdare  and  Kliymney 
Valleys  were  at  Middle  Duffryn,  Elliot  Pit,  and  Bargoed. 

At  the  former,  two  pumps  each  capable  of  delivering 
80,000  gallons  per  hour  were  erected,  the  engines  being 
on  the  surface  and  driving  the  pumps  through  reciprocat- 
ing beams. 

At  Elliot  Pit  the  equipment  consisted  of  a  triple-expan- 
sion engine  and  a  Reidlcr  pumping  engine  for  80,000 
gallons  per  hour,  erected  underground  in  a  large  chamber 
near  the  pit  bottom,  steam  lieing  brought  from  the  surface 
through  a  steam  main  about  1,600  ft.  long. 

A  beam  pump  with  engine  at  the  surface  was  used  at 
■  Bargoed. 

The  above  plant  has  now  been  supplemented  or  dis- 
placed by  single-lift  centrifugal  pumps,  and  in  place  of 
pumping  continuously  the  main  pumping  is  now  confined 
at  the  Elliot  Pit  to  8-12  hours  out  of  the  24  by  enlarging 
the  lodge  rooms,  the  pumping  in  the  other  valleys  being 
confined  where  possible  to  the  night  shift.  This  has  a 
marked  effect  on  the  load  factor  of  the  power  houses,  and 
in  the  Rhyniney  Valley  it  has  provided  the  continuous  load 
necessary  for  the  economical  use  of  gas-engine  plant. 


Fig.  22.- 


900  1,000  1,100  1,200 

Gallons  per  minute 

-Curves  of  Test  Results,  800  b.h.p.  Centrifugal 
Pumps,  Bargoed. 


The  quantity  of  water  now  pumped  has  largely  increased 
and  is  now  dealt  with  by  the  following  main  pumping 
plant. 

Aberdare  Valley. — (Abercwmboi)  Three  pumps  each 
driven  by  a  600  b.h.p.  3-phase  motor. 

Head        1,015  ft. 

Capacity...         ...         ...     70,000  gallons  per  hour 

Speed  and  type  of  pump     Sulzer  5-stage,  1,480  r.p.m. 
(Aberaman)   Two   pumps  each   driven   by  a   350  b.h.p. 
3-phase  motor. 

Head         722  ft. 

Capacity 60,000  gallons  per  hour 

Speed  and  type  of  pump     Sulzer  5-stage,  1,480  r.p.m. 

(Ysyborwen)  One  pump  driven  by  a  120  b.h.p.  3-phase 
motor. 

Head  200  ft. 

Capacity 40,000  gallons  per  hour 

Speed  and  type  of  pump     Willans  and    Robinson  3- 

stage,  1,440  r.p.m. 
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One  pump  driven  by  a  330  b.h.p.  motor. 

Head        880  ft. 

L  .ipacity 48,000  gallons  per  hour 

^IHrcd  and  type  of  pump     \Vorthiii}«ton  5-slaj»c, 

1,440  r.p.m. 

(Britannia  Colliery) 
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and  motors  is  shown  in  Fig.  24  ;uk1  consists  of  oil   tanks    1    the  speed  range  required  during   the    lirst   few  years   is 
fitted  with  submerged  "spur-wheel"  pumps,  cliain-drivcn    |   large.     The  altci native  drives  in  this  case  are  : — 


"iy  deep"~1 


Pumps  subnierj«l 


Motor 


,Globe  valve 
O-stage  pump 


j      ;  ^'  g'as  pipe 


I     I 


:Vi  yds  pipe 


Motor 


;     6-sCage  pump 


If  gas  pipe    . 


Oil  returns   t»   tdnh  1      i 
under   14"  head      ;     ; 


Fig.  24. — Lay-out  of  Elliot  Pit  Pumping  Station. 


by  small  3-phase  motors  mounted  on  the  covers  of  the 
tanks  and  supplying  oil  to  the  various  bearings.  Each 
pump  is  fitted  with  an  oil  filter  which  can  be  withdrawn 
and  cleaned  while  the  pump  is  in  action. 

The  switchgear  is  of  the  totally  enclosed  cast-iron  type. 
Duplicate  feeders  and  busbars  are  used,  arranged  so  that 
any  feeder  or  pump  motor  can  be  connected  to  either 
feeder. 

The  water  is  discharged  to  the  surface  through  two 
rising  mains  in  the  up-cast  shaft,  the  mains  being  of  6  in. 
and  8  in.  diameter  respectively,  and  worked  in  parallel, 
or  else  through  one  12  in.  main  in  the  down-cast  shaft. 

The  overall  efficiency  of  the  above  set  tested  at  full  duty 
was  719  per  cent. 

(if)  Ventilation. 

Up  to  a  few  years  ago  the  general  colliery  practice  was 
to  use  low-speed  fans  ;  latterly  a  considerable  number  of 
centrifugal   high-speed  fans  have  been  employed. 

.AH  the  principal  fans  of  the  Powell  Duffryn  Company 
have  duplicate  motors  as  a  stand-by  to  allow  for  cleaning 
and  repairs.  These  fans  are  driven  by  induction  motors^ 
and  in  order  to  give  flexibilit}'  in  the  volume  of  air  the  fans 
are  rope-driven  to  allow  the  pulley  ratio  to  be  varied. 

In  deciding  the  size  and  speed  of  the  motors  two  distinct 
problems  have  to  be  faced  : — 

(i)  Replacing  or  supplementing  existing  steam   drives 

working  at  full  power. 
(2)  Opening  out  a  new  colliery. 

In  the  first  case  anj'  variation  in  speed  that  may  be 
required  is  small,  which  can  be  met  by  inserting  resistance 
in  the  rotor  circuit.  Where  power  is  transmitted  from  a 
distance  and  a  high  power  factor  is  of  importance  in  order 
to  keep  down  the  cost  of  transmission  mains,  the  power  of 
such  drives  can  be  improved  by  using  an  exciter  con- 
nected to  the  slip-rings  on  the  Scherbius,  Milch,  or  Kapp 
systems. 

The  second  case  is  of  a  far  more  difficult  character,  as 


(i)  Temporary  rope  drive  using  a  small  induction  motor 
until  the  power  and  speed  warrant  the  erection  of 
a  permanent  motor. 

(2)  A  continuous-current  motor. 

(3)  A  "  Cascade"  motor,  giving  two  or  three  speeds. 


AIR  COMPRESSOR 

AND  DRIVING  MOTOR 


Fig.  25. — Fan-drive,  Britannia  Colliery. 
A  typical  instance   of    continuous-Current  fan    drive  is 
shown  in  Fig.  25,  which  illustrates  the  plant  supplied  for 
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The  ttaud  by  iiiolor  in  this  case  is  oi  the  induction  type, 
th«  (an  being  rope-driven. 

(<)  COUPRKSSOKS. 

Although  the  efficiency  in  transmission  and  conversion 
is   low,    compared    with    electricity,    compressed    air    is 
largely  used  underground  where  danger  may  arise  from 
or  falls,  for  all  small  power  drives,  such  as  small 
dip   pumps,  conveyers,  coal-cutters,  and  drills, 
these  purposes  are  coiisidcr- 
pplied  hy  a  main  compressor 
plant  on  lalcd  eleclncally-ilriveii  com- 

pressors ^  ,  .   ving  separate  sections  of  the 

workings. 

Owing  to  the  necessity  of  providing  stand-by  plant  for 
each  section,  the  difficulties  due  to  grit  in  the  compressor, 
tlic    .  ■  '     .;  water,  and  of  ese- 

tiii:  .1  l)ulfryii  Company 

erect  !»c  ukiiii  cuiiipiosur  pUnl  in  the  winder  house  so 
that  it  can  supply  all  requirements,  the  separate  air 
systems  being  interconnected  io  as  to  reduce  the  per- 
centage of  reserve  plant. 

As  the  air  requirements  are  intermittent  it  is  desirable 
to  run  the  electrically-driven  compressor  or,  when  the 
demand  is  large,  a  part  of  the  compressing  plant  equiva- 
lent to  the  load  variation,  at  a  variable   s)>eed. 

Ijtrge  \ariablc>.pei  d  compressor*  .iie  at  pres^-nt  onl' 
•  by  conti: 
ic  used  It  : 
and  increase  the  amount  oi  wear  and  tear  tiy  running  at 
cunsiani  sficcd,  the  air  compressor  being  controlled  bv  an 
uiil'Mding  liiMi-i-.  or  alternatively  to  use  2-  or  j-speed 
"  Cascailc  iiiutors  with  an  unloading  device  when  the 
motor  reaches  its  minimum  speed. 

Wlicie  the  fans  and   :'  .re  both  ui 

the    V.1111C    house,   an    I '  .    drive  can 

Ik  .  I>l.i;::i-  !  l!    ■•■..    !!:c     .  ,.-,,1   »y,lcin   fOT   Iwth 

in:r(>->c-    l'\     ..-.'..j^    .i   i  •. 


I   the  starling  motors  tMring  then 
The  output  of  the  converter  ^- 
aiid  it  will  supply  power  foi 
tinuous-current  motors  for  lli<.   <.< 
drive. 

Thr 

and  Ik 

the   CToss^  :    type.      1 

5«  r.p.in.  1  ,    ::l.   ..t    V: 

The  motor  has  id 
mutating  poles  and  ..  v  ■■■'.  •• 

automatically  varied  by  >. 
to  the  air  pressure  in   I 
tield  rhcoitat  being   con 
regulator    having    a    lo  in.  ^^ 
prosed    air.     A  pilot   valve 
piston  ;  this  is  actuated 

In  >uliit-.  led  to  the  air  pri. .- . 

*-  '• ,  ' 

1  fi  uiiivericsof  air  between  ha! 
the    air    pressure    is    maintained     ; 


vaiialioo   IS  Irocu 
,    *cr. 
and  IS  provided  with  coui- 


—  put. 
bv 


inUi  il     liic    .> 

squall  Lii  the  Co:: 

s^-ieed.      I'lie  rapidity  of  the  speed  variation  is  •. 

by  throttling  the  exhaust  of  the  regulator.     Th.^  — 

mcni  makes  it  impossible  for  the  motor  to  draw  heavy 
:"rent  or  for  the  speed  to  \-ary  within  wide 
variations  in  the  air  presMiic. 


Hotary  converter         ...        y; 
Compresjiot'  motor      ...        i^' 
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The  maximum  temperature  rise  of  the  motors  and  the 
rotary  converter  is  35  degrees  C. 

The  figures  for  the  compressor  are  as  follows  : — 


Kntinj;  in  cub.  ft.  of 

Cub.  ft.  of  free  air  per 

free  air  per  niin. 

niin.  per  b.li.p. 

5,000 

6-2 

3.750 

6i 

2,500 

5-9 

Compressor — Dut)' 


...     2,500  cub.  ft.  of  free  air  per 
min. 

Pressure    ...    70  lb.  per  sq.  in. 
Cub.  ft.  of   free    air    pu„  ,,o^(i    Half  Load.     Load. 


per  min.  per  b.h.p.       6'25  5'2 


(/)  Haulages. 


3-55 


Owing  to  the  intermittent  nature  of  haulage  loads,  the 
necessity  for  high  torque  at  st.arting,  and  the  tendency  of 
all  haulages  to  be  used  together  towards  the  end  of  the 
shift,  this  load  is  one  of  the  most  costly  to  supply  unless  a 


Tpfcr^ 


Fig.  26. — Single-reduction  Haulage. 


Abercwmboi. — The  compressor  is  of  the  Belliss  enclosed 
forced-lubrication  type.  Its  capacity  is  2,500  cubic  feet  of 
free  air  per  minute  at  a  pressure  of  70  lb.  per  square  inch,  and 
it  is  driven  by  a  3-phase  induction  motor.  The  plant  runs 
at  a  constant  speed,  the  air  pressure  being  governed  by  an 
unloading  device. 

The  stand-by  compressor  at  this  point  is  driven  by  a 
140  b.h.p.  induction  motor. 

The  larger  compressor  is  of  a  similar  type  to  the  smaller 
compressor  in  use  at  the  Britannia  Pit. 

Motor- 


Rating         ...     410  b.h.p. 

Speed         ...    243  r.p.m. 

Full  Load. 

HaM  Load 

Efficiency  ...     90-5  % 

88% 

Power  factor    78    % 

62% 

large  number  of  haulages  are  worked  from  the  same  power 
house. 

With  steam  or  compressed-air  haulage  the  speed  of  the 
journey  on  gradients  decreases  with  increasing  load. 

With  induction-motor  drive,  however,  the  speed  is  nearly 
constant,  consequently  the  power  demand  is  proportion- 
ately increased  on  gradients,  thus  decreasing  the  already 
poor  load  factor  with  this  class  of  load. 

Owing  to  the  position  of  haulages  it  is  undesirable  to 
employ  continuous-current  motors,  which  involve  with  an 
alternating-current  supply  a  special  converting  plant. 

The  usual  form  of  drive  is  single-reduction  gearing  for 
the  larger  powers  when  room  can  be  safely  provided,  and 
double-reduction  gear  for  the  smaller  haulages  or  when 
space  is  limited. 
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KiG.  37. — Double-reduction  Haulage. 


The   bed   carr^nng  the   motor    is   rigidlv    fixed   to   the    1    bein^   mounted   on   this  drum.     The   resistances  ol    the 


■  IS  connec 
ug.      Cut  • 
ratio  being  S  to  i.     The  drum  cluiciics  arc 
,  J  and   the   post   brakes   are  hand  and  foot 

actuated. 

The  switch  pillar  and  controller   are  mounted  on  the 
operating  platform.      Tlie   haula{;e   driver    has    complete 

I  a  clear  view  of  1>    '  •■ 

point.    Thisi-e->.f: 

.ui  lA  iiiUi-        r 

!  . 

hi..;  j;  1:1  111-  -  .;  !■;:  il  doublc-reduction  main  and  '  wheel,  the 
tail  !.  I  •'.  i^c.  I  he  iiiji  I  u  iutcd  at  J50  b.h.p.  at  390  r.p.m.,  I  di~!jiur  .1 
•he  ~i  tt-d  of  the  liaula);e  drum  bcin);  30  r.p.m.,  and  the 


at    first 
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been  surmounted   and   rarely   appears   on 

J," '  ' •■  ■■,'n.    The  drum  shaft  is  me«:hanic.< 

\  itor  reversing-s witch. 
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Iciijjtli  oi  the  7/8  iiL  rope  bcin^;  1.400  yards. 


•  ijior  rcversing-switches  are  fixed  in  the  framework 
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carrying  (lie  tank  ami  arc  mechanically  connected  to  the 
lever  or  hand  wheel  operating  the  electrodes.  The  liquid 
is  cooled  bv  pipes  througli  which  water  is  circulated. 

The  chief  advantages  of  tlie  liquid  type  of  controller  are 
the  liner  adjustment  of  the  speed,  especially  at  starting 
when  taking  up  slack  on  the  rope  and  sliackles,  and  its 
simplicity  of  design,  resulting  in  fewer  working  parts  and 
greater  ease  of  inspection.  The  principal  disadvantage  is 
the  necessity  for  a  supply  of  cooling  water.  The  latter 
difficulty  can  be  overcome  where  no  water  is  available  by 
fitting  a  system  of  radiator  cooling  pipes  and  a  small 
motor-driven  centrifugal  pump.  While  this  method  works 
satisfactorily,  it  adds  considerably  to  the  first  cost. 

Owing  to  the  heavy  duty  imposed  on  reversing  switches 
of  both  types  of  controllers  a  special  design  is  called  for, 
as  the  frequency  of  operation  under  conditions  of  maximum 
load  is  much  higher  than  that  required  from  any  other 
switch.  To  prevent  overheating  and  formation  of  carbon 
deposit  it  has  been  found  necessary  to  design  these 
switches  on  generous  lines,  with  an  increased  area  of 
contact  and  a  big  head  of  oil  as  compared  with  standard 
switches  of  the  same  rating. 

(g)  Small  Surface  Motors. 

The  smaller  motors  up  to  30  b.h.p.  used  for  driving  the 
various  auxiliaries  on  the  surface  do  not  call  for  special 
notice.  The  motors  are  of  the  standard  protected  3-phase 
type  wound  for  500  volts.  The  majority  of  them  have 
slip-ring  rotors  with  liquid  resistances  for  starting,  this 
type  of  rotor  being  preferable  to  the  squirrel-cage  type  on 
account  of  the  reduced  switchgear  maintenance. 

Normally  these  motors  are  handled  b}'  unskilled  labour, 
and  in  consequence  the  switchgear  should  be  as  simple  as 
possible. 

LiGHTIXG. 

(a)  Underground. — This  is  confined  to  the  immediate  pit 
bottoms,  and  the  haulage  and  pump  rooms.  The  standard 
pressure  is  no  volts,  carbon-filament  lamps  being  used. 

The  conductors  are  single  rubber-insulated  cables  in 
stout,  screwed,  metal  conduits,  and  are  controlled  by 
switches  and  fuses  in  cast-iron  watertight  boxes,  all  lamps 
being  enclosed  in  watertight  fittings. 

The  switches  and  fuses  for  the  upcast  shaft  are  fixed  in  • 
the  main  air  waj's. 

(6)  Miners'  safety  lamps. — The  introduction  of  the  metal- 
filament  lamp  has  made  the  use  of  portable  electric  miners' 
lamps  possible,  and  ever}'  improvement  in  the  efficiency  of 
the  lamp  has  extended  their  use.  Apart  from  the  increased 
safety  in  the  presence  of  gas,  the  electric  hand-lamp 
decreases  the  risk  of  accident  through  improved  illumi- 
nation. 

The  Powell  Duffryn  Company  have  now  between  seven 
and  eight  thousand  miners'  electric  lamps  in  use,  or  about 
two-thirds  of  the  total.  These  lamps  weigh  about  5^  lb. 
each,  compared  with  3I  lb.  for  the  standard  oil  safety 
lamp,  and  they  are  welcomed  by  the  miners,  who  prefer 
the  additional  illumination  in  spite  of  the  additional 
weight. 

The  lamp  batteries  are  charged  in  groups  of  40  for  lead 
and  26  for  alkaline  batteries  by  no-volt  continuous-current 
motor-generators,  each  charging  stand  having  an  ammeter 
and  a  variable  resistance  for  adjusting  the  current. 


At  the  larger  collieries  charging  boards  capable  of  hold- 
ing 1,000  batteries  are  used,  the  lamps  being  stored  in  a 
standard  rack  in  tlie  lamp  room  when  charged. 

In  the  first  instance  tlie  lead  batteries  were  charged 
in  7  hours,  which  is  now  extended  to  12  hours.  During 
charge  the  lead  batteries  are  inspected  to  see  that  they 
are  gassing,  and  on  the  completion  of  the  charge  the 
pressure  of  each  is  tested  by  a  portable  voltmeter. 

With  normal  charging,  the  lamp  will  burn  12  to  14 
hours.  The  candle-power  is  between  i  and  ij,  depending 
upon  the  condition  of  the  battery  and  the  type  of  bulb  ; 
whereas  the  ordinary  oil  safety  lamp  gives  o'5  to  06 
candle-power. 

The  energy  required  for  charging  is  of  minor  impor- 
tance, and  tlie  cost  of  attendance  for  charging  and  cleaning 
the  electric  lamps  is  comparable  with  the  cost  of  the  daily 
attention  necessary  in  the  case  of  ordinary  oil  lamps.  The 
important  part  of  the  cost  is  the  maintenance  of  the 
battery  and  the  lamp  bulbs.  In  the  case  of  the  lead 
battery,  the  cost  of  lamp  renewals  equals  the  cost  of 
battery  maintenance. 

Two  types  of  battery  are  used.  With  the  original  lead 
type  the  positive  plates  lasted  about  9  months  ;  new  posi- 
tive plates  were  then  inserted  to  run  a  further  9  months, 
before  the  negative  plates  required  renewal.  Improved 
positive  plates  are  now  on  trial,  and  it  is  hoped  that  they 
will  last  18  months. 

The  main  point  necessary  for  success  with  the  lead  type 
of  battery  is  the  non-spilling  of  acid.  Cleanliness  is  every- 
thing. 

The  alkaline  type  of  battery  is  now  under  trial. 
Although  these  are  twice  as  expensive  as  the  lead  type, 
their  life  is  very  much  longer.  Sufficient  time  has  not  yet 
elapsed,  however,  to  allow  the  life  to  be  definitely  deter- 
mined, but  the  makers  give  it  as  15  years. 

When  it  is  possible  to  use  lamps  of  the  half-watt  type, 
the  useful  field  for  miners'  lamps  will  be  much  extended, 
as  the  batteries  will  then  have  to  be  charged  only  half  as 
often  as  at  present,  with  consequent  decreased  wear  and 
tear,  or,  alternatively,  increased  light  will  be  obtainable 
without  adding  to  the  weight. 

In  addition  to  the  miners'  lamp  a  second  type  is  being 
tried  for  officials  and  hauliers.  In  this  case  the  battery  is 
strapped  to  the  man's  back  and  the  lamp  is  fixed  in  his 
cap  so  as  to  leave  both  hands  free. 

In  all  positions  where  there  is  danger  of  gas  the  present 
type  of  electric  lamps  has  to  be  supplemented  by  oil 
safety  lamps,  so  that  there  may  be  a  clear  indication  of 
danger. 

Electric  Signalling. 

The  increasing  size  of  coUiery  undertakings  and  the 
use  of  haulages  renders  electric-bell  signalling  important. 
This  system  has  been  in  use  about  25  years,  and  while 
its  reliability  in  signalling  over  comparatively  long  dis- 
tances has  led  to  a  decrease  in  the  number  of  accidents, 
its  safety  has  been  questioned  during  the  last  two  years. 

Under  the  Special  Rules"'  issued  in  1905,  Regulation  53 
permitted  the  use  of  bare  signalling  wires  in  haulage  roads 
when  the  pressure  in  any  circuit  did  not  exceed  15  volts, 
and  by  Regulation  137  (6)  all  such  systems  in  use  before 
the  ist  June,  191 1,  were  allowed  to  be  continued  in  use 

*  Coal  Mines  Act,  1887.     Special  Rules  issued  in  1905. 
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until  the  ist  June,  1920,  unless  the  local  Inspector  raised 
objection.  This  permission  lias  been  withdrawn  in  some 
cases  in  South  Wales. 

Regulations  132  and  134  (a) ■'  allowed  tlie  use  of  a 
pressure  not  exceeding  25  volts  on  bare  signalling  wires 
when  there  was  no  risk  from  "  open  sparking,"  the  onus 
of  determining  the  point  where  such  sparking  becomes 
dangerous  being  placed  on  the  mine  owner,  agent,  or 
manager.  In  view  of  the  difficulty  of  determining  this 
point,  the  Regulations  require  amendment,  as  recom- 
mended bj'  H.M.  Chief  Inspector  on  tlie  31st  March,  1914. 
When  the  Regulations*  were  issued  in  1913  little  was 
known  of  the  danger  point. 

Reference  to  the  work  of  Dr.  W.  M.  Thornton  [  of  April 
1910  and  October  1912  shows  that  currents  large  in 
comparison  with  those  used  in  bell  circuits  could  be 
used  with  safety  in  the  presence  of  pit  gas  (fire  damp). 
These  tests  also  show  that  the  ignition  point  with  explosive 
mixtures  of  pit  gas  requires  the  use  of  larger  currents 
than  with  explosive  mixtures  of  chemically-prepared 
methane  or  town  gas. 


measured)  quite  disproportionate  to  that  used  for  signalling 
purposes. 

Following  the  explosion  at  the  Senghenydd  Colliery  in 
October  1913,  a  scries  of  tests  were  made  by  the  Home 
Office  officials  in  January  1914  at  the  New  Tredegar 
Rescue  Station,  South  Wales,  at  which  the  author  was 
present  representing  the  colliery  owners ;  and  by  per- 
mission of  Mr.  R.  T.  Rees  of  the  Lewis  Merthyr  Colliery 
Company,  who  own  the  Senghenydd  Colliery,  the  sum- 
marized results  of  these  tests  are  given  in  Appendix  11. 

The  signalling  system  in  use  at  Senghenydd  had  been 
erected  prior  to  June  191 1  (when  the  maximum  pressure 
allowed  in  signalling  circuits  was  15  volts).  There  was 
a  dispute  as  to  the  number  of  dry  cells  in  use  on  the 
signalling  circuits  at  the  time  of  the  explosion,  but  in  no 
material  case  did  it  exceed  nine.  The  battery  boxes  in 
some  instances  contained  10  dry  cells,  but  on  the  short 
signalling  circuits  the  number  of  cells  connected  varied 
from  six  to  nine. 

Tests  of  the  ignition'  point  of  explosive  mixtures  of  pit 
and  lighting  gas  and  air  were  made  at  the  New  Tredegar 


Fig.  29. — Elliot  Pit  1,000  b.h.p.  Centrifugal  Pump. 


Following  an  explosion  of  fire  damp  in  the  South  Wales 
district  in  1912,  a  notice  was  issued  by  the  Home  Office 
calling  attention  to  the  necessity  of  strict  observance  of 
the  Electrical  Special  Rule  15  (i)  with  reference  to 
signalling  apparatus.     The  notice  stated — 

"...  The  explosion  was  proved  beyond  reasonable 
doubt  to  have  been  caused  by  the  sparking  of  an  electrical 
signalling  bell,  which  ignited  an  accumulation  of  gas, 
resulting  from  a  derangement  of  the  ventilation  due  to 
the  breakage  of  air  pipes. 

"  It  was  afterwards  proved  experimentally  that  sparks 
from  the  bell  in  question,  worked  b)'  a  battery  of  11^ 
volts  would  ignite  an  explosive  mixture  of  lighting  gas 
and  ail  ;  and  the  mixture  was  also  ignited  by  sparks  from 
signalling  -wires  produced  by  a  current  of  only  four  volts 
pressure.  .  .  ." 

It  will  be  noted  that  these  tests  were  made  with  an 
explosive  mixture  of  lighting  gas  and  air,  which  is  ignited 
with  much  lower  currents  than  pit  gas.  The  second  test 
at  4-volts  pressure  was  made  with  an  accumulator,  which, 
owing  to  its  low  internal  resistance  gave  a  current  (not 

•  Coal  Mines  Act,  igii.     General  Regulations  issued  July  1913. 

f  W.  M.  THORXTOy.  Ignition  of  coal-gas  .and  methane  by 
momentary'  electric  arcs.  Transactions  of  the  KoHh  of  England  lusiituic 
of  Mining  and  Mechanical  Engineers,  vol.  63,  p.  17,  1912-13. 


Rescue  Station  in  January  1914  with  three  bells.  These 
bells  were  fitted  with  iron  cases  (not  gas-tight),  and  dry 
batteries  were  directly  connected  to  the  bells  by  a  few 
feet  of  signal  wire,  the  batteries  being  new  and  the  length 
of  the  signal  wire  in  use  being  from  46  to  656  yards. 

The  signalling  wires  used  at  Senghenydd  were  No.  7 
and  No.  8  S.W.G.  galvanized  iron  wire,  the  resistance  per 
mile  of  lead  and  return  (without  joints)  of  No.  8  S.W.G. 
being  26  ohms,  and  of  No.  7  S.W.G.  2i"5  ohms. 

Bell  No.  (i)from  Mafeking  Hard  Heading,  drum  engine- 
house,  Senghenydd. 

Bell  No.  (2)  from  Mafeking  Hard  Heading,  No.  (2)  engine- 
house,  Senghenydd. 

Bell  No.  (3)  a  bell  belonging  to  the  New  Tredegar 
Rescue  Station. 

The  following  tests  have  been  made  of  the  characteristics 
of  dry  cells  and  of  the  above  bells  : — 

Average  open-circuit  E.M.F.  of  "  Dania  " — • 

type  C — dry  cell         1-53  volts 

Average  internal  resistance  at  49°  F.      ...     o'25  ohm 

Bell  No.  (i)  resistance      7'S9  ohms 

Bell  No.  (2)  „  779    „ 

Bell  No.  (3)  , 3-82     „ 
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MftUntitMi  C«flr«l 


•M  AWAJr 


O'lO 


u^u 


llMutn 

llioim 

ivi;!; 

''-)' 

.      "S< 

04(1 

Ikli  N,.  ,  .1 

Htmnm 

lu.-    ,     .. 

■   1     .■ 

OlJtt 

01 14 

1              ui<ig 

01 JJ 

1              o-i 

f'l 

OIJO 

Current  in  boll  circuit  measured  tty  lioi-wirc  amnteter 
rben  bell*  wcrr  directly  connected  to  tlie  battery  : — 


Cui  Irlil  nit  Aktll  cd 


No.  al  4ry  ocUt 


BeU  No.  (1) 

b 

V.MU 

9IS 

Ainprirv 
026 

7. 

1077 

oj8 

s 

I33J 

031 

*; 

'3  73 

032 

Bell  No.  (I) 

6 

93 

0-28 

7 

1072 

0-31 

8 

1230 

036 

9 

>  373 

037 

Hell  No.  (3) 

6 

8-38 

072 

o-8i 

I 

q-60 

1038 

086 

9 

11* 

0-93 

An  analysis  of  the  Cymmcr  Fit  (jas  showed  on  the  first 
lest  <)5  •;2  per  cent  of  methane,  and  on  a  second  lest  95*8 
per  cent. 

As  H.M.  Chief  IIl^pccto^  of  Mines  was  not  satisfied  that 
the>e  tests  were  sutiicicntly  exhaustive  to  settle  the  safe 
limit,  further  tests  were  made  at  his  request  by  Dr. 
Wheeler  •  at  which  the  colliery  owners  were  not  repre- 
icnled.  The  following  is  an  extract  from  the  Home  Ofiice 
Ttport,  Cd.  7346,  pp.  36-40. 

The  tests  weie  made  to  show  the  limit  conditions  under 
w!.  ■  '. 

J 
t>>  igli    ammoniacai     cuprous-chloride — to 

re:  cetylcne — and  over ' oxydized '  palladium 

picil'iiatc  lif.iu.l  t02i3*  F. — to  remove  traces  of  hydrof;en 
— ajial)  ^l»  showed  it  to  contain  98  per  cent  of  methane  and 
a  per  cent  nitrogen." 


bclU  III  uw  at  llie  hum  uI  ibc  ck| 

"  A  bell  f root  ScnghcnjKtd." 
1 
loe  •!  all  cufieut*     ...  y 

"  A  bell  lent  by  t'luietaoi  Tltornloa.' 

r       loohnu 

:^icl«acc  al  lU  curreolt    ...      u  1  ic  henry 

•'  A  bell  from  Senghenydd 
Igniiion   due   to    iivaiiitaiiicd    vpaik   at   "bell   contact." 
8'>  '  tne  and  air  luuture — 

5 

...      u;u  aJU(lcIr 

lireak  flasn  '    "  ircui!  vntti 

dry  cell>,  8->  jx-i  «.. 

Number  o^  cells  requved  for   igni- 

tlw:     ■    .  ...       3 

Volt...  ...    45  volts 

Currciit  uu  cluMxi  cucuit     0*45  ainpere 

"  A  bell  lent  by  I'rofessor  Thornton." 

"  ISrcak  flash  "  on  signal  wires,  8'a  per  cent  metiiane  and 

air  miklure  :  — 

No.  of  cells  required  for  ignition  by 

"  break  flash  "         5 

Voltage  7-3  volu 

Current  on  closed  circuit  ..  070  ampere 

The  "  break  flash  "  was  produced  mechanicallv  between 
two  steel  rods  J  inch  r  ; 

to  be  broke!!  ni'>re  ra('  » 

hand,  an  '  -wed   the  limiting  danger   point  to  be 

quickly  i;  1 

The  advantage  of  the  high  internal  resistance  oi 
Leclanchc  cells  is  referred  to.  To  secure  ignition  with 
Leclanchc  cells  by  "  break  flash  "  the  pressure  had  to  be 
increased. 


•  .\  l»cll   from    S( 
with  4^  wit!. 

'A  bell  lent    by 
compared  vs . 


— Voltage  9,  as  compared 
— Voluge  13J.  a* 


■y 


'     ■■     I   Ignition  poiitl    Iruin   the 
a  spark  at  a  bell  contact 

!>cc.    EtpkiMua    it    liciigbciiydd    Colliery.  CUmurgui, 

Vol.  53. 


From  these  tests  Dr.  Wheeler  deduces  "That  if  the 
current  flowing  round  the  signalliii)>  circuit  couid  be 
reduced  ticlow  ojool  an  ampere  t>y  introduci!:.'  "  ' 'r 
non-iiiductive   resistances    there    would    be   ht;  ; 


.   glculci    <.uuipalaUvc    Miciy    lUau 

it  will  Ltc  noted  iiiat  the 

u^  at  the  iicnghcnydd  CoUii. _ 

2H 
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regards  resistance  and  inductance  from  those  of  the  bell 
referred  to  in  Dr.  Wheeler's  Report  as  "  a  bell  from 
Sengheiiydd,"  and  that  the  current  in  the  Senghcnydd  bell 
circuit  under  the  conditions  of  the  tests  made  in  Janu;iry 
1914  with  the  bell  directly  connected  to  9  colls  witli  a  few 
feet  of  siynallinij  wire  was  : — 


Bell  No.  (i)... 
Bell  No.  (2)... 


No.  of 
Dry  Cells 


Closed  Circuit 

P.D.  of  Battery. 

Volts 


1373 
1373 


Bell-ringing 
Current. 
Amperes 


0-32 
0-37 


This  shows  that  the  current  in  the  bell  circuit  in  the 
case  of  cells  actually  in  use  at  the  colliery,  without 
allowing  for  any  reduction  due  to  the  resistance  of  the 
signal  wires  in  circuit,  closely  approached  the  safe  limit 
suggested  by  Dr.  Wheeler  for  chemically-prepared 
methane,  viz.  03  ampere. 


iz       14 

open-circuit  E.M.F 


16         18 

Volts 


Fig.  30. — Curves  showing  Results  of  Dr.  Wheeler's  Tests 
on  "  A  Senghenydd  Bell  "  (Home  Office  Report,  p.  37, 
Cd.  7346),  and  Tests  of  current  measured  by  hot-wire 
ammeter  with  Senghenydd  Bells  Nos.  (i)  and  (2)  under 
similar  conditions  as  to  circuit. 


Fig.  30  gives  a  comparison  of  Dr.  Wheeler's  tests  on  a 
bell  from  Senghenydd  made  with  similar  pressures  and 
with  additional  resistance,  and  the  bells  Nos.  (i)  and  (2) 
actually  used  at  Senghenydd. 

The  following  results  are  summarized  from  the  Seng- 
henydd tests,  January   1914,  Schedule  (2)  attached  : — 


Tests  Nos.  (i),  (2),  (3),  (4),  (5),  (8),  (10), 
(11),  If)  January,  1914. 
No  ignition  could  be  secured  with 
an  explosive  mixture  of  pit  gas 
and  air  by  a  "  break  flash "  on  a 
short  length  of  signalhng  wire  in 
series  with  No.  (i)  bell  with 
voltages  from         

Jesls  Nos.  (9)  and  ii,  i  January,  1914. 
A  "  break  flash  "  from  signal  wires 
fired  an  explosive  mixture  of 
Cymmer  Pit  gas  and  air  with  bell 
No.  (2)  directly  connected  to  9  dry 
cells  by  short  signalling  wires. 
Pressure       


Ignition. 
Volts 


No  Ignition. 
Volts 


8-8  to  11-9 


13-5 


Test  No.  (12),  29  January,  1914. 
A  "  break  flash  "  from  signal  wires 
tired  an  explosive  mixture  of 
Cymmer  Pit  gas  and  air  with 
bell  No.  (3)  directly  connected 
to  8  dry  cells  by  short  signalling 
wires.     Pressure 

Test  No.  (14),  I  January,  1914. 

No.  (2)  bell  "  contact  "  fired  an  ex- 
plosive mixture  of  Cymmer  Pit 
gas  and  air,  when  connected  to  15 
dry  cells  by  short  signalling  wires. 
Pressure 

Tests  Nos.  (i),  (2),  (6),  (7),  (8),  i  January, 
1914. 
No  ignition  of  explosive  mixture  of 
pit  gas  and  air  could  be  secured 
from  "contacts"  of  bells  No.  (i) 
or  No.  (2)  up  to      

Tests  Nos.  (7),  (13),  (14),  (15), 
29  January,  1914.  . 
No  ignition  could  be  secured  with 
explosive  mixture  of  pit  gas  and 
air  from  bell  "  contacts "  with 
Nos.  (i),  (2),  or  (3)  bells,  with 
voltages  from 

Summarized  Results  of  Dr.  Wliceler's 
Tests.'*- 

With  "  a  bell  from  Senghenydd  " 
a  "  break  flash  "  from  a  mechani- 
cally-driven breaker  fired  an 
explosive  mixture  of  chemically- 
prepared  methane  and  air  when 
the  bell  was  directly  connected 
to  dry  cells 

The  bell  "  contact  "  of  a  bell  lent  by 
Professor  Thornton  when  in  series 
with  a  mechanically-driven  "  con- 
tact" breaker  fired  an  explosive 
mixture  of  chemically-prepared 
methane  and  air  when  directly 
connected  to  dry  cells 


Ignition. 

Volts 


No  IgnitlOB. 
Volts 


ii-g 


13-5 


87  to  1 1 -5 


4-5 


7-5 


All  these  tests  show  that  the  principal  danger  point  is 
the  signalling  wires,  which  are  usually  bare  galvanized 
iron  wire,  the  lead  and  return  wires  being  run  on  insu- 
lators, signals  being  given  from  any  desired  point  by 
pressing  the  wires  together  or  by  connecting  them  by 
metal  bar,  file,  or  knife. 

Fig.  31  shows  oscillograph  records  recently  obtained  at 
Faraday  House  across  the  contacts  of  bells  (i)  and  (2),  the 
bell  being  connected  in  each  case  to  six  "Dania"  dry  cells 
in  series  with  a  resistance  of  10  ohms.  These  records  were 
selected  out  of  a  number  taken,  in  order  to  show  the 
maximum  pressure  across  bell  contacts  at  the  moment  of 
breaking  and  making  the  circuit. 

With  a  cell  pressure  of  9  volts  on  open  circuit,  a 
momentary  pressure   of   80  volts  was  reached   with   bell 

*  See  page  421. 
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•«4 


OOJ 


Seconds 


1 1  Bare  gaV 
run  ' 

(2)    Be 


Jd  be 


Ihr  cnntiicf  niakrr  c<»mf»lrle!v  encV-«l 


Fig.  31. — Oscillograph  Records  across  "Contacts"  ot 
BcUs  Nos.  (I)  and  (». 


inductance  of  any  circuit  before  specifying  the  safety  limit 
in  tcriu>  of  volts  .ind  amperes. 

Fig.  3J  illu>irjic3  a  iiR-ihod  of  minimizing  the  risk  due 
to  short-circuiting  of  the  signal  wires  near  the  bell  station. 


being  inside  the  l>ell  ca»e. 
v3 '  The   luiinber   of  dry  cells  to   be  limited  to  to  (i>. 
15   volts,   a»  in   the    Regulations    of    igo5),    the 


h<tif-w,t>  div-iig  (iic  Uuc. 


»•-  S6OiJiy0J--J 


H|l(- 


nhh 


Hl'l- 


^- fe — ^--te------tizi.. 


44,0965   440  ud: 


KiG.  )}  —  Bell  Circuit,  two  No.  8  S.W.G.  GaU'oni/cd  Iron  \Viri.»      Uittnbutcd  CelU  uscU  as  j  lk>..»ic.'  U'  (.Cinpciitjic 

(ot  I.1DC  Kesi'tJiice 


only  sufficient  cells  being  located  near  the  bell  to  secure 
ct:  from  a  shoit  distance,  and  additional  cells 

bt    ^     - --d  along  the  line  to  compensate  for  line 

irMstancc 

riicrc  are  several  alternative  s>-stems  for  securing  safety. 


.4'  The  tvittcnrs  to  be  kepK   i  ,  ooly 

lent   sue   to   hold   the   standard  nuuit>rr    ol 

so  that  they  must   be   replaced    «beu   n>a 

mstead    of    an    indefinite    number    l^ing 
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(S)  Signals  to  be  made  by  switches  actuated  by  a  "  pull  " 
wire,  the  switches  being  enclosed  in  rigid  metal, 
the  covers  being  flame-tight,  and  the  switch  con- 
tacts breaking  contact  through  non-inductive 
resistances  contained  in  the  same  metal  case  as 
the  switch. 

For  long-distance  signalling  (B),  a  high-resistance  relay 
with  a  shunted  contact  and  enclosed  in  a  flame-tight,  rigid, 
metal  case  should  be  used,  the  shunt  resistance  being 
inside  the  relay  case.  Where  this  is  done  the  line  pressure 
can  be  kept  down  to  6  volts. 

Alternatively  the  alternating-current  system  should  be. 
adopted,  the  same  system  of  wiring  and  switches  being 
used  as  under  (A).  This  system  has  the  advantage  of 
getting  rid  of  battery  maintenance.  The  transformer 
pressure  should  be  15  volts,  and  the  bells  should  have 
their  coils  enclosed  in  rigid  metal. 


Main  Advantages  of  Electric  Driving  of  Collieries. 

(i)  Economy  in  the  cost  of  power  by  concentrating  the 
steam  plant  at  a  central  point. 

(2)  Facility  for  meeting  additional  power  requirements. 

(3)  Reduced  maintenance. 

(4)  Improved  working  conditions  underground. 


Conclusion. 

My  best  thanks  are  due  to  Mr.  Joseph  Shaw,  K.C.,  the 
Chairman  of  the  Powell  Duffryn  Steam  Coal  Company, 
Ltd.,  for  permission  to  publish  the  details  of  their  electrical 
undertaking  ;  also  to  Mr.  G.  G.  Hann,  Assistant  General 
Manager  of  the  Company,  who  has  materially  assisted  me 
in  the  preparation  of  this  paper,  and  to  the  various  con- 
tracting firms  who  have  given  every  assistance  in  pro- 
Tiding  drawings  and  details  of  the  plant. 


APPENDIX    I. 

Penallta. 

Details  of  two  tests  made-  at  the  Penallta  Colliery  of  the 
Powell  Duffryn  Steam  Coal  Company,  on  a  Babcock  & 
Wilcox  boiler  fitted  with  a  superheater  and  chain-grate 
stokers  for  burning  small  Welsh  coal. 


1.  Test  number 

2.  Date  of  test 

3.  Duration  of  test 

4.  Boiler  heating  surface 

5.  Superheater  ... 

6.  Grate  area     ... 


Test  (I) 

Test (2) 

I 

2 

2/1/13 

6  hours 

4/3/13 

6  hours 

7,330  sq. 
1,650     „ 

ft. 

7,330  sq. 
1,650      , 

ft 

144     ,. 

144 

7.   Kind  used 


Coal. 

Test  (I)  Test  (2) 

...  Penallta  slack  Elliot  duff 

(unwashed)  (washed) 

...   19,152  lb.  23,807  lb. 


3,968  „ 

27-5  „ 

8-28  % 
11-46  % 

73-98  % 
6-28  % 

S.  Total  quantity  lired 

9.  (J^onsumed  per  hour  ...     3,192  ,, 

10.  Consumption  per  sq.  ft.  of 

grate  .area  per  hour       ...     22-16  „ 

11.  Analysis — 

Moisture  0-82  % 

Volatile  matter...         ...     i3"4i  %  ^ 

Fixed   carbon   and  sul- 
phur       66-05  % 

Absolute  ash     19-72  % 

100-00  %  lOO'OO  % 

12.  Calorific  value  .as  fired      11,968  B.Th.U.  i2,6i4B.Th.U. 

Steam. 

13.  Average  gauge  pressure  ...      144  lb.  149  lb. 

14.  Temperature   of   saturated 

steam      363°  F.  365°  F. 

15.  Temperature      of      super- 

heated steam     606-5°  F.  587°  F. 

16.  Superheat 243-5''  F-  222°  F. 

Water. 

17.  Feed-water  temperature  ...        78°  F.  97°  F. 

18.  Total  water  evaporated    ...     133,4881b.      178,8241b. 

19.  Average    evaporation    per 

hour,  actual        ...         ...      22,248     ,,        29,804  ,, 

20.  Average  evaporation  per  hr. 

from  and  at  212°  F.      ...       29,367    ,,        38,506  „ 

21.  Evaporation  per   sq.  ft.  of 

heating  surface  from  and 

at  212°  F 4  ,,  5-24  „ 

22.  Evaporation  per  lb.  of  coal 

as  fired,  actual    ...         ...         7  „  7-51  „ 

23.  Evaporation  per  lb.  of  coal 

as    fired    from    and    at 

212°  F 92        „  9-70  „ 

24.  Factor   of   evaporation,  in- 

cluding superheat         ...        1-32  1-292 

Flue  Gases. 

25.  Temperature       at       boiler 

damper 478°  F.  508°  F. 

26.  Average  amount  of  CO,    ...      10-4  %  11-3  % 

27.  Drauglit  at  boiler  damper 

(induced  fan)    0-9  in.  0-8  in. 

■Efficiency. 

28.  Boiler,     superheater,     and 

stoker       74-25  %  74-3  % 
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All  lf*l>  tMfl  Set.  (4)  amd  (s)  mmdt  wtik  fifAvtfv  mniutt  of  /•/  ^t  (■»//*.. 


.jrmaifr  /V. 
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li.lv        8  Serict  ul  6  iigiiah 
1 1  ^        Conlinuouk  kignai 


N 
It 

S.. 
N 

A I 


Mm.    liK 


o      30 


S'u  ignilion 


ckMirc  ^  g  vollv 


(•«»  prckMirc.  I  in.  on  water  tSWg/t 


•J. 


••M 


«M3 


Mix 


Test  N<i.  (ji. 
Bell  No.  (31  without  cover — othn  wise  conditions  m>  Trrt  No.  (1). 
ii^o        4   Series  of   3   and   6  —  No  ignition 


nnging 


o       jto 


Tliik  bell  tt«ed  in  error  in  place  of  sad  Sea- 

B'         "  • .  II 
Mix  -O.K. 


««+» 


Test  \u.  y). 
Number  of  cells  =  q.     Prevsure  =  i3'5  volt*. 
Bell  No.  (3)  in  testing  chamber. 

No  ignition 


Test  No.  (4;. 


Owing  lo  lailuic  to  ignite-  nre  ilamp,  Mr.  N 


ig  t!ic  mixture  u   i"uii  t;j> — oti.ciwi^e 


>M5 


Instant  ignition  of  town        Town  gis.  pres&urr  1  in 
gas  on  first  contact 


11.50 


TbST  No.  (5). 
Belt  No.  (1),  Senghenydd,  substituted,  otherwise  conditions  as  Test  No.  (4). 


In- 


town 
.ict 


IX  11 


IJ.J3 

I3.i<^ 


Taper  passed  into 
chamber  to  see  that 
all  town  gas  was 
clear 

4  Series  of  3  to  6 
Mgnals 

Continuous  signals 


Test  No.  (6). 

Number  of  cells  =  6.     Pressure  =  i>  vfit-. 
Hell  No.  (3),  Scngliciivdd. 
Apparatus  in  testing  chamber— bcU. 


No  ignition 


lliaiure  tested  3  time 
Gat  pressure,  r  1  in 
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12.39 


12.47 


12.56 


APPENDIX    n—conliniicti. 
Test  No.  (7). 

Number  of  cells  =  9.     Pressure  =:  13^  volts. 
Other  conditions  as  in  Test  No.  (6). 


Method  of 

Period  of 

Time 

Making  Contact 

Experiment 

Rcsuit 

p.[n. 

Min.    Sec. 

12.31 

II  Scries  of  6  signals 

— 

No  ignition 

6  Series  of  6  signals 

0 

20 

Continuous  ringing 

I 

45 

0 

25 

I 

26 

Notes 
Mi.vture  tested — O.K. 


Test  No.  (8). 
As  in  Test  No.  (7)  but  cover  taken  off  bell. 

No  ignition  Mixture  tested — O.K. 


9  to  10  per  cent  gas— K. 


3      56 

Test  No.  (9). 

Number  of  cells  =  9.     Pressure  =135  volts. 

Bell  No.  (2),  Senghenydd. 

Signal  wire — No.  11  S.W.G.  galvanized. 

Apparatus  in  testing  chamber — signal  wires  hung  vertically. 


Signal  wires  bridged 
by  steel  contact- 
maker  with  sharp 
V  edge 


o      30         Ignition  after  30  seconds 


Contact  made  by  rubbing  V  contact-maker  up 
and  down  wires.  Contact-maker  at  top  of 
chamber  when  ignition  occurred  by  screws 


Test  No.  (10). 
Same  conditions  as  Test  No.  (g). 


Signal  wires   bridged 

I 

45 

No 

ignition 

by     steel     contact- 

I 

20 

maker    with    sharp 

2 

25 

V  edge 

2 
0 
2 
0 
6 
I 
0 

30 
15 
10 

55 
30 
40 
40 

Gas  pressure,  it  in. 
Mixture  tested— O.K. 


1. 17 


(13  Tests  =  14  min.  40  sec.) 


Gas  pressure,  i  in. 


12       10 

Test  No.  (ii). 
Signal  wires  changed  for  new  set  No.  11  S.W.G.  as  first  set  worn  flat  by  contact-maker. 

Gas  mixture  tested — O.K. 


Signal   wires  bridged 

2 

5 

No  ignition 

by     steel     contact- 

0 

5 

ft 

maker    with    sharp 

0 

20 

Ignition 

V  edge 

Mixture  fired  when  contact-maker  3  in.  from 
bottom  of  chamber 


30 


Test  No.  (12). 

Number  of  cells  =  9.     Pressure  =  131  volts. 

Bell  No.  (2),  Senghenydd,  without  cover,  replaced  in  testing  chamber. 

1.34-1.37  17  Series  of  6  signals  i         o        No  ignition  Gas  pressure,  12  in. 

Gas    mixture     tested — O.K. 
J  down  chamber 
1.43          6      do.          do.                 I       45  „  Gas  mixture  tested — O.K. 

Continuous  ringing  •  Bell  moved  up  and  down 


Bell    trembler,, 


45 


(Test  on  bells  discontinued.) 


SI'AU'KS:    KI.KCTKICITV    AI'I'LIKI)   TO    MIS'IS'<;. 


A7t 


l.yo        6  Si|{nil» 
5       do. 


1.5s        Sucoeuion  oi  ugn*\* 


AI'I'KNDIX    II     ^^mlim<.eJ 

Tittt  Ko.  (ij». 

Kumtter    '       "    -     ■      1 "  v  ' 

licll  No 


'-?; 


So  i|;nilion 
l)>iiitii>ii  al  jtlh  kigiul 


(■•«  not  (rcAirr  tluii  H  per  c«Rl— K. 


TnT  No.  (14). 

15.     Prciisurc  V  ijf  voilk. 


—  14  SigiuK 


,13). 
Igiuikon  at  9ili  tigiiAl 

Trst  No.  (ij). 

CclK  qtutrt  LctrUiichc  b  ju. 

I'rcvMjre  on  baM>  a(  4  celU  (c^tcd  s  iM  volU  (f) 

Bell  li  in  Te&t  No.  (13). 

—  No  ignition 


Mixture  icUcd  7  to  8  per  ceol — K. 


Tests  at  New  Tredegak  Rescue  Station,  >)  Jas'I'ary.  1914 
AU  Ifili  maJt  uith  ctflosive  mtxturt  of  fit  gat  {melkaHe)  ftjm  Cymme'  Pil 

Test  No.  (i). 

Number  of  dry  "  Dania  "  cells  =  6.     Prcv>urc  =  v'o  voltv 
Bell  No.  11),  Scn^hcnydd. 

Signal  Wire* — No.  S  S.W.G.  gal\-anized.  Scnghenydd. 
No  re&istancc  in  circuit  to  represent  signalling  line. 
Apparatus  in  testing  chamber — signal  wirc>  liung  vertically. 


Mc(l>ado< 
nuku>(  Coolact 


ia3i         Wires  pressed  together 


10.90  Signal  wires  bridged 
by  No.  II  S.W.G. 
galvanized  wires 


PcrMd  ol 

Expvtmcal 

Mia      Sec 

0         20 

0         50 

Rnull 

No  ignition 

S'.Kn 

Series  of  signals  given 
continuouUy 

0         30 

Test 

•■ 

1          40 

No.  ,11. 

0     .';.» 

No  igmtion 

Series  of  signals  given 
continuously 

'     .^' 

!• 

I     40 
I     28 

•• 

" 

Temperature  ni  testing  Cham- 

•m 
^'>  1  m. 

Mixture   tested   aod  found  ex- 
plosive twice      \ 

Sparking  inspected 
Mixture   te>ted  and   found  ex- 
plosive 6  times      \ 


••  7 


SiK 


1  . 

sent 

edge 


blunt      knilc 


I 

.'° 

1 

«5 

I 

30 

1 

38 

3 

43 

3 

3 

3 

57 

1 

30 

3 

50 

31         46 


Test  No.  (3>- 
No  Ignition  In; 


to    produce 
mum  sparking 


.ind  toond  ex- 
-      A 

KvMin,  6o*  F. 

Water  gauge  under  1  in.  pres- 
sure adjusted 
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Time 

Xltl. 

1 1.3 1 


Method  of 
mnking  Contact 

Signal  wires  bridged 
by  steel  contact- 
maker  with  sharp 
V  edge 


APPENDIX    II— <:o»//;n/t</. 


'] 

^EST 

No 

(4)- 

Period  of 
Experiment 
Min.    Sec. 

S        37 

N 

Result 

0  igni 

tion 

Notes 

Intermittent     contact 

5       '3 

,J 

made    continuously 

3      49 

)) 

to     produce    maxi- 

2     S3 
8        7 

»l 

mum  sparking 

Notes 

Room,  6i°  F.  ;  testing  chamber, 
6i-62°  F. 

Mixture  tested  and  found  ex- 
plosive 5  times.     A 

Volts,  8-9 


25      39 


p.m. 
12. 1 


Signal  wires  bridged 
by  half-round  file. 
Contact  made  with 
point  of  file  on  one 
wire  flat  on  the 
other 


o 
o 

0 

41 

55 
55 

Test 
No  ignition 

No 

Intermittent     contact 
made    continuously 
to     produce     maxi- 
mum sparking 

Mixture   tested   and  found   ex 

plosive 
Volts,  8-9. 

31 


12.7 


•12-43 


Test  No.  (6). 
New  set  of  signal  wires,  hung  vertically  in  testing  chamber — No.  11  S.W.G.  galvanized. 


Sharp  V  edge 

5 

0 

No 

ignition 

Intermittent     contact 

File 

3 

51 

, 

made    continuously 

Shovel 

0 

33 

. 

to     produce    maxi- 

Sharp V  edge 

5 

10 

mum  sparking 

Shovel 

I 

4 

;, 

„ 

Sharp  V  edge 

3 

52 

, 

>, 

J» 

I 

15 

J 

>J 

)» 

II 

43 

y 

J) 

32 


Mixture  tested  at  frequent  in- 
tervals and  found  explosive 
Gas  pressure,  ri  to  I'o^  in. 
Volts,  8-9 


Gas  cylinder  exhausted 


Continuous  contact 


Test  No.  (7). 

Battery  as  before  =  6  cells.     Pressure  =  8-9  volts. 

Bell  No.  (2),  Senghenydd. 

Signal  wires  No.  11  S.W.G.  as  used  in  Test  No.  (6). 

Apparatus  in  testing  chamber — bell,  without  metal  cover,  bell  contact  8  in.  from  top  of  chamber. 

No  ignition  Bell  ringing  continu-         Gas  pressure,  0'9  to  0-95  in. 


I 

45 

I 

21 

0 

45 

0 

53 

I 

23 

ously 


Volts  when  ringing,  8'9 

Mixture  tested  and  found  ex- 
plosive 5  times.     K 

Sparking  of  bell  contact  ob- 
served 


37 


1.39  Signal  wires  bridged 
by  steel  contact- 
maker  with  sharp 
V   edge 


Test  No.  (8). 

Conditions  as  Test  No.  (i). 

New  Signal  Wires,  3rd  Set,  size  as  in  Test  No.  (6). 

New  Signal  Wires  in  chamber,  hung  vertically. 

Intermittent  contact 
made  continuously 
to  produce  maxi- 
mum sparking 


3 

33 

No  ignition 

2 

20* 

,, 

I 

40+ 

„ 

2 

55 

" 

10    38 

Mixture  ignited  witli  taper  2  in.  ivum  bottom  of  testing  chamber. 


Testing  chamber,  57°  F. 
Mixture   tested   and   found    ex- 
plosive 4  times.     K 
Gas  pressure,  i  in. 


f   Polarity  of  wires  reversed. 


SI'AKKS:    KLECTRICITV    AI'I'LIKfi   TO    MIMNC;. 


VJTJ 


by  UrrI  conUv't' 
in«kcr  wilti  Hlitfrp 
V  cdKc 


AI'I'KN'DIX    II 

— M>mli»tn^. 

Tk«T  No. 

<•*' 

Comiiliomt  «t  Tnt  So.  (M). 

Bell  No.  (.0  in  MTftc*  with  UgnaWng  m... 

IVt4f««rrf 

\,A^ 

1  1  ion 

Inlrrtnillciit     lonljcl 
niadc                     -ly 

to    pri^;..  -     .. 
mum  kparkmg 

..kXl- 

Hell  rvi  Irnttv  i.ikr*  okorc  oar 
ctiydd  betlk 
H> 

Ml' 


Norn  —It  w.i 


cic  .  that  thi»  lc»t   had  ao  direct  bearv 
(Mr.  N'elkon  wished  to  make  Ihu  te»t 


(u 


1   1  UJ 


ij4ilii*tih      4k 


a.ifl 


*33 


Tesr  So.  (lo). 
Number  of  l^rc«urc  »s  88  volt>. 

h.H  V  ■  „       ydd. 

S  .  -No.  II  S.\V.G.  galvuiiizcd. 

A|'r.>>a>u-  III  te&tinf*  chamber — m^iiiuI  wirc> — horuontal  half-way  up  teUini;  ctumbef . 
Coal  du&t — dry  iroin  scrreio.  >piinklcd  on  l>uard  and  wires  before  lest. 


Signal   wiie»   bridged 
bv  file  and   ^1   'vrl 


I 
o 
o 
o 


30 

45 
30- 

»5 


No  Ignition 


bijjnal  sMfcb  biiaged 
by  steel  contact- 
maker  with  sharp 
V  edge 


*  Connectton*  rcvrrvc<t 

TEST*No.   (111. 

Number  of  Dania  cells  ^  8.     P^e^>u^e  ^11-9  volts. 
Bell  No.  (  I 

Sign.il  uTi  .11  S.\V.(i.  as  Test  No.  (8V 

.Xpparatus  m  testing  chamber — signal  wires  vertical. 

4       15         No  ignition  InUi  >ot 

III..  .-ly 

ti'  iiiaxi- 

ni  'K 


LeM  sparking  than  without  coal 

dua 

Volt*.  87  ringing 

(Ja 

M 

id  ezplo- 

-.;c.     .\. 

kled 

through  >:..  . 

i'  ot 

G- 


11 
ringing 


Test  No.  (is). 
Hell  No.  (3)  substituted  for  Scnghenydd  Bell  No.  (i|,  otherwise  conditions  same  as  Test  No.  (11  k. 


Signal  wires  bridged 
by  steel  contact- 
maker  with  sliarp 
V  edge 


Mixture  ig- 
nited at 
2.yn  p.m. 


Pressure,  when  signalling,  11^ 


3^3        Continuous  contact 


Test  No.  (131. 

Number  of  cells  ^  6.     Pressure  ^87  volts. 
Bell  No.  ot. 

Apparatus  in  testing  chamber — belL 
7        No  ignition  — 


Ignited.  Contact  . 
made  with  projcctiiir 
wires  ipointi. 


Uislure  tested   and  found  ei- 
plosive 
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APPENDIX    n—coiiliiiiial. 

Test  No.  (14). 

Number  of  cells  =:  7.     Pressure  =  10  volts. 
Otherwise  conditions  as  Test  No.  (13). 


Method  of 
Time  ni.iking  Contact 

p.m. 

—         Continuous  contact 


Period  of 
Experiment  Kesult 

Min,    Sec. 

o      46         No  ignition 


Notes 


Notes 


Continuous  contact 


Test  No.  (15). 

Number  of  cells  =  8.     Pressure  ^  ii"5  volts. 
Otherwise  conditions  as  Test  No.  (13). 

55        No  ignition  — 


Discussion   before  The   Institution,   25   February,   1915. 


Mr.  C.  H.  Merz  :  I  suppose  that  up  to  the  present  time 
the  paper  which  the  author  read  before  the  Institution  in 
1905  has  been  considered  the  standard  paper  on  colliery 
electrification  ;  and  it  has  now  been  brought  up  to  date  by 
the  present  paper.  The  author  gives  an  account  of  what,  I 
suppose,  is  the  most  complete,  certainly  the  largest,  system 
of  colliery  electrification  in  this  country.  No  doubt  there 
are  collieries  .in  other  districts  which  depend  more  com- 
pletely on  electricity,  but  they  do  not  use  such  a  large 
amount  of  power.  The  Powell  Duffryn  installation  has  the 
great  advantage  that  one  engineer  has  dealt  with  it  from 
the  generating  station  right  down  the  pit  to  the  machines 
themselves,  so  that  we  have  a  complete  and  unified  system 
standardized  throughout,  not  only  in  regard  to  its  main 
features  of  voltage  and  frequency,  but  also  no  doubt  in 
many  of  the  details  of  the  machines  themselves.  This 
work  has  been  done — and  this  is  an  important  point — 
without  Parliamentary  powers  of  any  kind,  and  therefore 
it  has  made  great  progress.  Not  only  has  the  author  com- 
pleted this  very  great  work,  but  he  has  also  done  some 
things  which  a  great  many  of  us  have  been  wishing  to  do 
for  some  time,  and  perhaps  have  only  done  partially  or  not 
at  all.  For  instance  he  has  used  gas  engines  successfully, 
and,  as  we  see  under  the  conditions  in  which  he  has  used 
them,  advantageously  so  far  as  the  resulting  thermal 
efficiency  is  concerned.  The  author  made  some  very  perti- 
nent remarks  in  regard  to  the  supply  of  energy  to  collieries, 
and  I  think  he  could  not  have  put  the  position  more 
fairly,  so  far  as  a  supply  from  electric  power  companies  is 
concerned.  It  might  be  added,  however,  that  in  every 
case  where  a  connection  to  an  electric  power  company's 
system  is  possible  it  should  prove  advantageous,  even  if 
only  as  a  stand-by.  One  of  the  chief  economies  in  such  a 
case  would  be,  or  ought  to  be,  a  saving  in  the  capital  cost 
of  distribution.  In  this  country  there  are  very  few  electric 
transmission  lines  of  which  the  capacity  could  not  be 
doubled  or  trebled  at  a  very  small  percentage  increase  in 
the  cost.  It  therefore  follows  that  wherever  there  are  two 
or  more  circuits  covering  the  same  ground,  one  say  belong- 
ing to  a  group  of  collieries  and  the  other  to  a  pov/er 
company,  it  must  be  profitable  to  combine  them.  It  is 
interesting  but  unfortunate  that  in  South  Wales  the 
power  compan3''s  system  has  a  different  frequency 
from   that    of   the    Powell    Duffryn   electrical    plant,  and 


I  am  afraid  that  there  it  will  be  impossible  for  the  Mr.  M( 
two  systems  to  be  connected.  The  author  also  makes 
some  pertinent  remarks  on  the  question  of  the  com- 
plete electrification  of  collieries.  He  states  that  complete 
electrification  is  seldom  justified  if  the  colliery  is 
equipped  with  main  steam  winders.  I  think  that  as 
electrical  engineers  we  may  confidently  look  forward  to 
further  progress  in  this  respect  not  only  on  the  South 
Wales  system  but  on  all  systems,  with  the  result  that  the 
complete  electrification  of  colliery  plant  will  be  justified  in 
all  cases.  I  look  upon  the  exhaust-steam  turbine  as  a 
temporary  expedient — as  a  useful  means  Of  getting  over  a 
transition  period,  but  nothing  more.  We  all  appreciate 
that  electrical  engineers  in  the  early  days — at  any  rate  in 
this  country  where  there  is  very  little  water  power — had  to 
commence  by  driving  their  dynamos  by  means  of  the 
existing  prime-movers,  which  latter  were  unsuitable  for  the 
purpose,  having  been  developed  for  driving  quite  different 
forms  of  machinery.  The  main  steam  winders  to  which 
the  author  refers  are  a  remnant  of  the  old  form  of  engine. 
It  has  been  improved  at  the  low-pressure  end  by  adding 
the  exhaust-steam  turbine,  but  it  cannot  be  improved  at  the 
high-pressure  end  in  that  way.  As  we  get  prime-movers 
more  and  more  developed  and  adapted  for  the  primary 
purpose  of  generating  power,  and  in  which  the  development 
or  design  is  not  controlled  at  all  by  the  machines  or  the 
apparatus  that  they  have  to  drive,  we  can  utilize  more  and 
more  efficient  thermodynamic  cycles  and  therefore  obtain 
a  higher  efficiency.  There  is  no  doubt  that  the  recent 
practice  of  using  higher  pressures  and  greater  superheats 
will  tend  more  and  more  to  the  best  economy  only  being 
obtainable  in  prime-movers  the  speed  and  other  charac- 
teristics of  which  are  independent  of  the  machinery  to  be 
driven.  That  is  only  possible  when  they  drive  dynamos  or 
alternators  and  not  where  the  prime-mover  has  to  be. 
applied  directly  to  the  machine  or  apparatus  where  the 
power  is  required.  The  thermal  efficiencies  of  gas  and 
steam  plant  given  by  the  author  are  exceedingly  inter- 
esting and  they  show,  what  is  generally  realized  now, 
that  in  comparatively  small  units  the  gas  engine  is 
much  more  efficient.  If,  however,  we  consider  the 
largest  sizes  it  would  of  course  be  possible  to  attain 
the  gas  engine  efliciencies  by  steam  plant.  The  infor- 
mation that  the  author  gives  in  regard  to  earthing  will  be 
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<e 

■  ^>c 


1     Ui    tlic 

vv  ,1  ,.f  a  1  . 

thai   |>  J  illU'-t  il   adVuiltJgc.  t)Ut  Wuulil 

It  Ih:  suAiLicnl  ;.    -   ^t  tlic  llt>iicr  >tt  where 

the  Utter  was  unnecessary  for  other  reasons  ?     A   minor 

I        '  with  the  twi>  forms  of  haula^^c  which 

^  Is  thai  III  one  cise  helical  ^caring  is 

I.  iiid  in  the  other  case  it  is  nut.     Is 

.  for  that  ?     In  conclusion    I  am 

sure   we    must    >ll   appreciate    very    iiiuch.  and  e-.pecially 

Lilliiiv     people,    the     very    complete    inforniation    and 

^iven  in  the  paper  in  regard  to  the  use  of  bells 

- s'-i'inS- 

Mr.  S.  EvEKSHED  :  My  experience  of  the  Sauth  Wales 
coalfield  goes  back  nearly  30  years.  In  those  days 
whenever  one  went  to  a  collierv  In  Si)iith  Wales  one  saw 

ilinost   every   hole 
ii.  .     ally  being  to  waste 

thermal  unil>.  ami  iiii-  paper  is  ol  great  interest  loclectrical 
engineers  because  it  marks  the  enormous  progress  already 
made  by  the  introduction  of  electricity  into  mining.  I 
remember  that  when  the  author  read  his  previous  paper 
before  the  Institution  eight  or  nine  years  ago*"  there  was 
a  cert  .1  little  timidity  perhaps 

even    ..  to    the    ettect     of     the 

i      1    am 
jjely  dis- 
:a-day  colliery  owners  are  aware  of  the  fact 

:   - -..y    can    be   introduced   with    perfect    safety, 
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Mr.  tight  case,  in  which  their  coal-cutting  motor  was  enclosed, 

Evershcd.  ^^..^^  filled  with  an  explosive  mixture  of  coal-gas  and  air. 
When  the  commutator  brushes  were  set  so  that  the 
machine  was  working  property — by  no  means  sparldessly 
ill  those  days — it  was  quite  impossible  to  produce  an 
explosion  no  matter  how  long  the  machine  was  run.  But 
the  moment  the  brushes  were  shifted  so  that,  in  addition 
to  the  sparks  under  the  brushes,  an  external  flash  was 
produced,  then  an  explosion  at  once  resulted.  The  reason 
is  clear.  So  long  as  the  sparks  were  occurring  under  the 
brushes,  between  the  brushes  and  the  commutator,  the 
burning  of  the  gas  was  restricted,  but  the  moment  a  flash 
was  produced  outside  where  there  was  no  cold  metal  to 
check  the  flame  an  explosion  followed.  Turning  to  the 
electric  bells  as  used  at  Senghenydd  and  many  other 
collieries,  the  author  has  suggested  the  proper  criterion 
as  regards  sparking.  On  page  421  he  gives  the  in- 
ductance of  those  bells.  It  will  be  seen  that  bell 
No.  I  has  an  inductance  of  something  over  o'5  henry,  and 
the  oscillograms  given  on  page  423  show  that  the  current 
was  about  0-4  ampere  at  the  moment  of  breaking.  That 
means  that  the  electromagnetic  energy  in  the  bell  when 
the  circuit  is  closed  is  something  of  tlie  order  of  0'04  joule, 
which  represents  the  energy  available  to  create  a  spark. 
Now,  is  it  possible  by  means  of  a  condenser  or  any  other 
auxiliary  apparatus  to  suppress  the  spark  by  diverting  that 
energy  into  another  channel  ?  We  all  know  that  theoreti- 
callj'  it  is  possible  ;  and  speaking  from  experience  I  can 
saj'  that  it  is  practically  possible  to  suppress  a  spark 
resulting  from  much  more  energy  than  0*04  joule.  In  the 
Kilroy  stoking  indicator  used  in  the  Navy,  which  my  firm 
has  manufactured  for  the  past  10  years  and  more,  the 
apparatus  that  controls  the  speed  at  which  the  indicators 
work  is  a  reciprocating  motor  or  clock  of  a  curious  kind, 
in  which  the  circuits  of  two  large  electromagnets  are 
alternately  made  and  broken.  The  great  problem  before 
us  when  we  first  designed  this  apparatus  was  how  to 
break  those  circuits  sparklessly,  because  the  instruments 
had  to  be  shut  up  in  a  case,  sealed,  placed  on  board  ship, 
and  left  to  work  for  many  years  without  any  attention. 
The  electromagnetic  energy  of  those  magnets,  together 
with  that  of  the  indicators  in  series,  varies  from  about 
i'2  joules  up  to  2  or  3  joules,  or  from  30  to  60  times  the 
energT,-  in  the  Senghenydd  bell,  yet  with  this  apparatus, 
even  after  working  for  seven  or  eight  years  without  any 
attention  whatever  and  making  and  breaking  the  circuit 
several  million  times,  it  is  quite  impossible  to  see  any 
spark  on  breaking  the  circuit,  and  it  should  be  noted  by 
those  who  see  danger  in  9  or  10  volts  that  the  Kilroy 
stoking  indicator  is  run  from  the  ship's  mains  at  100  or 
200  volts.  That  is  an  example  of  what  can  be  done  by 
mean-  of  a  condenser  properly  applied  to  suppress  spark- 
ing. But  in  that  case  the  circuit  is  made  and  broken  at 
intervals  of  possibly  a  minute  or  more,  and  under  those 
conditions  it  is  comparatively  easy  to  devise  a  condenser 
system  virhich  will  suppress  the  spark.  The  problem  is  by 
no  means  so  simple  when  we  come  to  a  trembling  bell, 
but  it  is  one  which  any  young  electrical  engineer — a 
modern  man  who  knows  ajl  about  oscillographs,  induction, 
and  energy- — would  find  it  worth  while  to  take  up,  because 
it  is  quite  capable  of  being  solved.  When  we  can  produce 
a  bell  in  which  there  is  absolutely  no  visible  sparking  one 
half  of  the  suspicion  with  which  electric  signalling  systems 


in  collieries  arc  regarded  will  have  disappeared.  Now  as  Mr. 
to  the  other  difliculty,  n.imcly  llie  sparking  when  the  bell  "" 
circuit  is  closed  and  opened  in  the  roadways.  That  is 
really  a  greater  difliculty  than  the  bell  itself.  It  can  be 
solved,  I  believe,  by  condensers,  but  it  is  more  difficult 
because  the  conditions  under  which  the  contact  is  made 
and  broken  vary  according  to  the  man  and  according  to  . 
the  means  by  which  he  does  it.  I  said  just  now  that  I 
discriminate  between  the  spark  (the  incandescent  air 
which  is  carrying  the  current)  and  the  flash  which  is 
produced  by  vaporizing  the  electrodes.  If  we  are  wise 
we  use  pure  platinum  or  iridio-platinum  for  electric-bell 
contacts  and  take  care  that  absolutely  no  other  metal 
comes  anywhere  near  the  spark-gap,  so  that  there  is 
nothing  whatever  to  vaporize.  But  for  the  circuit  wires, 
practically  the  worst  kind  of  conductor  is  used,  namely, 
zinc  on  steel  or  iron.  We  all  know  what  happens  when 
we  break  an  inductive  circuit  between  two  iron  wires  :  we 
get  a  flash,  and  zinc  only  adds  to  the  flash.  It  is  worth 
considering  whether  as  an  additional  safeguard  it  would 
not  be  worth  while  putting  in  copper  wires  instead  of 
galvanized  iron  or  steel.  It  is  quite  true  that  copper  wires 
are  very  much  weaker,  but  it  is  possible  to  get  steel  wires 
coated  with  copper  which  would  work  equally  well.  I  do 
not  say  that  copper  cannot  be  vaporized,  but  there  is  far 
less  flash  from  copper  than  from  iron.  I  have  indicated 
now  what  I  believe  to  be  the  directions  in  which  we  must 
work  in  order  to  make  this  simple  system  of  signalling, 
which  is  so  well  adapted  for  colliery  working,  not  only 
perfectly  safe  biit  absolutely  free  from  suspicion.  By 
adding  to  the  perfection  of  all  the  machinery  of  a  colliery, 
electrical  engineers  are  necessarily  making  colliery  work- 
ing less  dangerous  ;  but  do  what  we  will  it  cannot  be  made 
a  perfectly  safe  business  and  we  must  all  realize — every- 
one does  realize  it  who  has  anything  to  do  with  colliery 
work — where  the  main  point  of  danger  lies.  It  lies  in 
human  nature,  and  so  long  as  human  nature  is  what  it  is, 
and  a  collier's  nature  is  what  it  is,  there  will  be  danger  ; 
but  that  danger  is  rapidly  being  reduced  by  the  perfection 
of  the  mechanical  and  electrical  appliances  of  a  modern 
colliery. 

Mr.  W.  J.  Larke  :  I  was  very  pleased  to  notice  on  Mr.  1 
page  402  that  the  author  makes  a  strong  plea  for  the 
earthed  neutral  ;  and  I  trust  that  he  will  go  further  and 
endeavour  to  persuade  the  HomeOffice  tomake  the  earthed 
neutral  compulsory.  I  have  had  made  to  me  the  same 
reply  that  the  author  states  was  made  to  him,  namely,  that 
the  advantage  of  not  earthing  is  that  it  is  possible  to  con- 
tinue working  with  a  fault  on  the  system.  I  consider  that 
to  be  the  very  reason  why  we  should  insist  on  earthing. 
There  is  no  reason  for  not  earthing,  now,  even  on  the 
grounds  of  continuity  of  supply,  because  with  the  numerous 
satisfactor}'  selective  protective  devices  that  are  available  it 
is  possible  to  use  an  earthed  system  and  still  ensure  that  the 
discontinuity  of  supply  due  to  a  fault  is  limited  to  that  sec- 
tion of  the  system  in  which  the  fault  occurs.  Therefore  we 
are  not  justified  in  incurring  such  risk  as  must  inevitably 
result  from  having  an  unearthed  system  with  a  possibility 
of  an  earth  on  one  part  which  cannot  be  immediately 
detected.  I  was  also  pleased  to  note  that  the  author  states 
on  page  407  that  "  in  order  to  deal  with  further  extensions 
some  of  the  larger  motors  will  probably  be  fitted  with 
power-factor   correctors."     I    venture    to    think   that  the 
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to  he  that  at  least  25  per  cent  of  the  total  resistance  to 
earth  is  within  a  layer  i  ft.  thick  adjacent  to  the  surface  of 
the  coke.  The  temperature  of  tliis  layer  gradually  rises, 
being  highest  next  to  the  coke.  As  the  temperature  rises 
the  resistance  falls,  but  the  rate  of  decrease  in  resistance 
is  less  at  a  high  than  at  a  low  temperature  (see  Fig.  A 
herewith),     .^s  the  1-  R  loss  and  heating  effect  is  smaller 
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as  the  resistance  decreases,  further  decrease  in  resistance 
is  more  gradual.  Tests  made  on  samples  of  cla}',  sand, 
and  water,  show  that  in  each  case  the  resistance  decreases 
with  increase  of  temperature,  the  resistance-temperature 
curves  being  of  the  same  general  form.  The  resistance 
decreases   approximately  50  per   cent  for  an   increase  of 
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temperature  from  50°  F.  to  100°  F.,  and  approximately  75  vir. 
per   cent  for  an   increase  of   temperature  from    50°  F.  to     °  '  '' 
200°  F".      Some   tests   were   carried   out   to   ascertain    the 
resistance  of  various    materials  when  passing  alternating 
current,  50  periods.      Tlie    results   are  given  in    the    pre- 
ceding table. 

The  principal  factor  in  the  resistance  of  the  various  soils 
tested  appears  to  be  not  so  much  the  percentage  of  water 
as  the  presence  of  traces  of  soluble  salts  which  lower  the 
resistance  enormously.  When  all  the  water  is  driven  from 
any  soil  tested  it  becomes  practically  an  insulator.  From 
the  tests  made  it  appears  possible  to  allow  certain  alter- 
nating 50-period  current  densities  at  the  surface  of  coke 
earth-plates  buried  8  feet  from  the  surface  in  clay, 
depending  on  the  time  the  current  is  passing. 

(i)  For  short   periods   up  to  5  minutes — 25  amps,  per 
sq.  ft. 

(2)  For  longer  periods  up  to  3  hours — 6  amps,  per  sq.  ft. 

(3)  Continuously — 075  amp.  per  sq.  ft. 

With  less  favourable  conditions  in  gravel  or  other  soil 
the  figures  would  have  to  be  materially  reduced.  In  carry- 
ing out  the  tests  it  was  found  difficult  to  obtain  an  inde- 
pendent earth  as  a  datum  line  from  which  to  measure  the 
potentials  on  the  plates.  An  earth  connection  was  made 
at  a  point  some  three  miles  away,  and  an  insulated  cable 
brought  to  the  point  where  the  tests  were  carried  out,  so 
as  to  eliminate  the  effect  of  the  charging-up  of  metal-work 
in  the  vicinity  due  to  stray  currents. 

Mr.  A.  RusHTON  :  There  are  just  two  points  that  I  want  Mr. 
to  mention.  One  is  with  regard  to  electric  winding.  So  "^ 
far  as  can  be  judged  from  figures  that  are  published, 
electric  winding  does  not  show  any  great  advantage  as 
regards  steam  consumption  compared  with  high-class 
steam  winders ;  and  any  advantage  electric  winding 
seemed  to  have  over  steam  winders  has  been  considerably 
affected  by  the  advent  of  the  exhaust-steam  turbine.  So 
that  if  electric  winding  is  to  have  the  success  that  it  should 
have,  it  will  only  be  by  using  the  cheapest  and  simplest 
method  of  winding,  coupled  with  the  supply  of  cheap 
power.  This,  in  my  opinion,  necessitates  bulk  supply 
to  collieries  from  large  generating  stations  in  mining 
districts.  The  generating  stations  may  belong  to  the 
colliery  owners  themselves.  If  this  is  done,  it  is  possible 
to  use  induction-motor  winders,  and  where  there  are  a 
large  number  of  induction  motors  the  peaks  of  the  several 
winders  will  be  eliminated,  and  the  load  variation  would 
not  be  felt  very  seriously  on  the  power  station.  Even 
where  the  generator  capacity  is  limited  and  there  are 
two  winders,  one  for  each  shaft,  it  is  quite  possible  to  do 
something  in  this  direction  by  arranging  the  acceleration 
of  one  winder  to  coincide  with  the  retardation  of  the 
other.  It  seerris  to  me  that  the  problem  of  electric  wind- 
ing would  be  much  better  tackled  on  the  above  lines  than 
by  each  colliery  company  building  its  own  generating 
stations  and  thereby  practically  forcing  itself  to  the  ex- 
pense of  equalizing  the  winding  load,  because  this  forms 
such  a  large  proportion  of  the  total  demand.  I  think  it 
can  hardly  be  gainsaid  that  equalizing  is  very  expensive. 
In  this  case,  taking  the  Britannia  winders,  machines  having 
a  total  capacity  of  about  7,150  horse-power  are  necessary 
in  order  to  cope  with  the  load,  which  averages  about 
2,600  horse-power,  that  is,  just  sufficient  load  for  one  set, 
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».  and  colliery  owners  to  turn  their  attention  to  this  line  of 
advance. 

r.  Mr.  K.  T.  Drivru  (cowiiniiiiciildl)  :  In  collieries  and 
similar  undertakings  in  which  large  amounts  of  power  have 
to  be  transmitted  for,  comparatively  speaking,  short 
distances  or  distances  wliich  prohibit  the  economic 
employment  of  very  high  voltages,  the  section  of  the 
conductors  is  quite  large,  and  consequently  tlicir  cost 
forms  a  very  large  percentage  of  the  total  cost  of  the  com- 
plete line.  This  has  already  been  conclusively  proved  by 
such  schemes  as  those  of  the  Weardale  Steel,  Iron,  and 
Coal  Company,  the  Ebbw  Vale  Steel,  Iron,  and  Coal  Com- 
pany, and  Messrs.  Newton,  Chambers  &  Co.,  where 
the  section  of  the  conductors  varies  from  about  J  to  i  J 
square  inches  of  aluminium,  and  in  which  the  overall 
economy  realized  bj-  employing  aluminium  was  in  the 
neighbourhood  of  20  per  cent.  If  aluminium  conductors 
had  been  used  for  the  wood-pole  transmission  lines  in  the 
present  instance,  I  estimate  that  a  saving  of  something  like 
£^2,000  could  have  been  effected,  less  about  ^"400  due  to 
the  increase  in  cost  of  the  poles,  or  a  net  saving  of  about 
15  per  cent  on  the  complete  scheme.  The  steel-pole  line 
now  under  construction  does  not  offer  perhaps  so  much 
inducement  to  utilize  aluminium,  owing  to  the  very  small 
size  of  conductor,  0-073  square  inch,  the  aluminium  equiva- 
lent' of  which  would  be  o'i22  square  inch.  With  this 
section  the  difference  in  deHection  would  necessitate  taller 
supporting  structures  in  the  case  of  aluminium,  so  that  tlie 
e.xtra  cost  of  poles  would  probably  exceed  the  saving  on 
the  conductors.  Nevertheless  it  has  been  my  experience 
that  in  nearly  every  case  in  which  the  size  of  aluminium 
conductors  exceeds  about  o'l  square  inch  the  overall 
cost  of  the  line  is  considerably  less  than  that  of  the 
corresponding  copper  line. 

Mr.  L.  B.  Atkixsox  {communicated)  :  This  paper  affords 
an  illuminating  summary  of  the  present  position  of  elec- 
trical power  distribution  for  colliery  purposes,  and  indi- 
cates by  the  growth  of  the  Powell  Duffryn  installation  in 
the  period  since  the  author's  previous  paper  of  1905,  that 
the  application  of  electricity  to  coal-mining  has  overcome 
its  earlier  diflficulties  and  become  an  assured  economic 
success.  As  a  very  early  worker  in  this  field  I  well  realize 
the  nature  of  the  difficulties  that  have  been  overcome, 
but  one  of  the  greatest  was  overcome  by  the  author  when 
he  became  associated  with  the  Powell  Duffryn  Steam  Coal 
Company  and  with  their  General  Manager,  Mr.  E.  M. 
Hann.  The  paper  is  full  of  points  of  great  technical 
interest,  but  I  only  propose  to  mention  one  or  two.  The 
question  of  electrically-driven  main  winding  engines  is 
of  course  a  very  hotly  debated  one,  and  some  authorities 
are  definitely  of  opinion  that  it  is  economically  unsound  to 
use  them,  but  taking  a  broad  view,  the  amount  of  power 
used  in  winding  being,  as  it  is,  a  large  percentage  of  the 
whole  power  used,  has  an  important  bearing  on  the  total 
output  and  therefore  economy  of  generation  of  the  whole 
supply,  whether  this  be  done  at  the  colliery  or  at  a 
power  company's  works.  When  one  comes,  however,  to 
the  realization  of  main  winding  by  the  use  of  Ilgner  sets 
I  think  that  most  colliery  engineers  will  look  upon  it  as 
a  lour  de  force  not  tempting  imitation.  The  adoption 
of  this  system  at  the  Powell  Duffryn  Colliery  is  explained 
by  the  necessity  of  overcoming  the  peak  loads,  but  this 
reason  should  not  apply  on   a  system  aggregating  24,000 


kilowatts  except  from  the  point  of  view  that  this  total  is 
not  really  interconnected  into  a  single  generating  unit. 
So  far  as  winding  is  concerned  it  will  not  become 
generally  adopted  if  Ilgner  sets  have  to  be  used,  and 
one  of  the  lessons  to  be  learnt  appears  to  me  to  be 
this.  The  equipping  of  collieries  even  on  the  scale  of  the 
Powell  Duffryn  as  generators  of  electricity  should  be  done 
in  conjunction  with  a  power  company's  supply.  It  is  true 
that  by  generating  power  at  the  colliery,  waste  coal  and 
gas  can  be  used,  and  in  this  case  apparently  35-5  million 
units  out  of  50  million  units  are  so  generated,  but  the 
separate  generating  units,  steam,  gas,  etc.,  should  feed  into 
the  power  company's  mains  from  which  the  supply 
required  would  be  taken,  and  thus  considerable  saving 
on  spare  plant  and  peak-preventing  devices  would  be 
effected.  It  is  unfortunate  that  South  Wales,  which  would 
have  been  one  of  the  most  favourable  areas  in  the  world 
for  a  power  company  merging  and  supplementing  the 
sources  of  waste  power  and  heat  from  its  collieries  and 
iron  and  steel  works,  has  from  a  variety  of  circumstances, 
mostly  unconnected  with  engineering,  missed  its  great 
opportunity.  It  is  interesting  and  suggestive  to  find  so 
considerable  a  part  of  the  paper  devoted  to  the  question 
of  bell  signalling.  Whether  the  disastrous  Senghenydd 
explosion  was  caused  by  a  sparking  bell  or  not,  there  is 
no  real  difficulty  in  producing  a  bell  in  which,  by  the  use 
of  a  non-inductive  resistance  or  condenser,  either  no  spark 
is  produced,  or  in  which  the  spark  is  enclosed  in  such  a 
way  as  to  be  innocuous.  As  the  author  points  out,  how- 
ever, in  his  paper,  the  greatest  danger  is,  after  all,  probably 
due  to  sparks  on  the  bare  iron  wires  used,  and  between 
which  contact  is  made.  There  is  no  reason  why  this 
sparking  should  not  be  considerably  diminished.  First, 
if  the  wires  were  of  copper  the  self-induction  would  be 
less,  hence  the  energy  to  be  dissipated  would  be  less  ; 
second,  they  might  well  be  connected  at  intervals  to  some 
form  of  cheap  electrolytic  condenser ;  and,  further,  if 
relay  bells  were  adopted  the  currents  might  be  reduced 
to  amounts  which  would  not  produce  a  spark  capable  of 
firing  gas.  So  that  really  this  question  resolves  itself  into 
recognizing  the  danger,  and  in  laying  down  in  the  colliery 
rules  certain  limits  of  energy  in  the  lines  as  defined  by 
their  electrical  constants  and  the  voltage  applied. 

Mr.  C.  P.  Spai?ks  {in  reply)  :  My  thanks  are  due  to  all 
members  for  the  way'  in  which  this  paper  has  been 
received,  and  my  special  thanks  are  due  to  Mr.  Merz  for 
his  generous  criticism.  One  point  touched  on  during  the 
discussion,  namely,  that  the  whole  of  the  work  has  been 
carried  out  without  Parliamentary  powers,  is  not  connected 
with  the  subject-matter  of  the  paper,  but  it  has  been 
an  important  factor  in  the  rapid  development  of  the 
electric  system,  as,  had  the  interconnection  of  the  various 
collieries  depended  upon  Parliamentary  powers,  the  scheme 
would  never  have  assumed  its  present  magnitude.  At  the 
same  time  it  will  be  noted  that  all  work  has  been  carried 
out  to  at  least  as  high  a  standard  as  that  necessary  if  it  had 
been  done  under  Parliamentary  powers. 

Supply  of  electrical  energy. — Mr.  Merz  adds  a  material 
point  under  this  heading.  I  agree  as  to  the  importance  of 
lowering  the  cost  of  distribution  and  as  to  the  saving  due 
to  the  omission  of  stand-by  plant,  by  collieries  and  power 
companies  working  together  when  the  frequency  is  the 
same.     Unfortunately,  the  South  Wales  Power  Company 
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Mr.  Drivirr  hu>  rcU-rrcd  to  the  use 
■rs.     Owint;    to    tlic   length  ol  the 
to   l>c   dealt  with   hrictly.     1    have 
'  ir  Ncveral  colliery  transmission  lines, 
but  owing  to  the  increased  strain  due  to  windage,  I  am  not 
in  (ax-our  of  using  aluminium  conductors  approaching   i| 
square  inches  in  cross-section  lor  transmission  purposes.     I 
agree  tlut  in  some  cases  a  substantial  saving  can  Ik-  shown 
bv  the  use  of  aluminium  instead   ul   copper,  such  saving 
the  price  of  the  metals  at  the  time  of  placing 
When    the    elcctntication    of    the     Powell 
was  started  in   1903,  it  wras  considered 
aluminium  ;  and  having  once  standard- 
wed  the  use  of  copper  conductors  for  transmission  it  has 
not   been  found  worth  while   modifying  the  general  con- 
struction when  making  extensions. 
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better  results  in  the  Mctropohs  with  a  lower  sUtion  load 
factor — but  I  felt  it  only  fair  to  compare  actual  steam  with 
actual  gas  results  obuined  by  the  same  undertaking.     We 
are  slill  making  improvements  and  I  hope  to  obtain  sub- 
stantially  better    rcvults   from    this    steam    station.     The 
V    is    burning    South    Wales   dry   •'smalls, 
results  have  been  r-Nained  in  certain  cases 
1>.     Mr.  ^  that  the  use  of  gas 

i  .  to  the  c      ,  iication  of  colheries. 

1  cannot  agree  with  this  expression  of  opinion,  as  it  will  be 
seen  on  reference  to  the  paper  that  only  a  section  of  the 
output  can   be   economically  supplied   by  the  gas  plant, 
namely,   that   section    whicli    lias   an    almost    i 
demand  so  as  to  provide  a  constant  load  on  the  ;,  . 
station. 
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of  earths  of  the  character  of  main  station  caiths  or  of 
large  contact  areas. 

Poxrer-factor  correction. — Mr.  Larke  raises  an  interesting 
point  in  connection  with  the  1,750  b.h.p.  converter  sets. 
When  the  cnquirv  was  made  for  this  plant  in  1910  the  ques- 
tions of  saving  the  loss  in  the  slip  regulator  and  of  the 
improvement  of  power  factor  were  discussed,  and  no  con- 
tractor was  able  to  offer  any  proposal.  I  am  glad  to  learn 
that  present  developments  make  both  these  points  practical. 

Main  xvinding. — When  the  Britannia  winding  plant  was 
ordered  in  1910  the  main  reason  for  using  equalizing  plant 
was  the  small  size  of  the  generating  plant  and  the  diffi- 
culty of  interconnecting  the  various  power  stations.  With 
the  further  interconnection  of  the  colliery  company's 
system  by  means  of  the  20,000-volt  transmission  line  now 
in  hand,  which  will  allow  plant  to  the  amount  of  24,000 
kilowatts  to  operate  in  parallel,  the  principal  necessity 
for  the  use  of  equalizers  disappears.  An  additional  con- 
verter set  without  a  flywheel  and  of  the  same  capacity 
as  the  existing  sets  is  now  under  consideration.  The  set 
will  consist  of  a  1,750  b.h.p.  induction  motor  driving  con- 
tinuous-current generators  controlling  the  motors  on  the 
Ward  Leonard  sj'stem.  In  answer  to  Mr.  Merz's  question, 
I  am  of  opinion  that  with  reasonable  duplication  of 
generating  stations  and  transmission  lines  the  cost  of 
balancers  would  not  be  warranted  in  order  to  complete 
a  wind. 

Mr.  Rushton  questions  the  advisability  of  using  electric 
winders.  While  it  is  true  that  no  large  saving  in  fuel  con- 
sumption is  attained  during  the  main  winding  shift,  very 
considerable  economies  result  through  reduced  stand-by 
losses  during  the  balance  of  working  hours.  It  must  be 
remembered  that  in  South  Wales  coal  is  only  wound 
during  an  S-hour  shift.  I  agree  with  his  suggestion  that 
successful  electric  winding  can  only  be  obtained  where 
a  supply  of  energy  is  available  at  low  rates.  From  my 
experience  such  a  supply  can  be  generated  by  a  large 
colliery  undertaking.  The  cost  of  electric  energy  for 
winding  from  the  full  depth  of  730  yards  when  the  colliery 
is  developed  will  be  under  id.  per  ton  of  coal  wound. 

With  reference  to  the  further  point  raised  by  Mr. 
Rushton,  I  think  the  colliery  management  would  not 
tolerate  interference  with  working,  such  as  would  be 
necessary  if  winders  were  timed  so  as  not  to  synchronize. 
The  continuous  input  into  the  induction  motors  with 
two  main  winders  working  at  full  duty  would  be  about 
3,600  b.h.p.,  while  the  momentary  maximum  demand  of 
the  winding  motors  when  the  two  winders  synchronize 
would  be  8,600  b.h.p. 

The  total  power  plant  of  the  Powell  Duffryn  Company 
aggregates  74,000  horse-power,  of  which  some  30,000 
horse-pov.er  still  consists  of  steam  winders,  compressors, 
a-id  a  few  fans.  As  these  plants  require  replacement,  I  am 
of  opinion  that  a  considerable  portion  of  these  drives  will 
be  electrified. 

Mr.  Sayers  suggests  the  use  of  a  continuous  winder. 
This  has  been  an  ideal  for  many  years,  but  it  has  not  been 
found  practicable  to  put  it  into  operation,  even  on  a  small 


scale.  Any  system  of  continuous  winding  necessitates  Mr.  Sparks 
emptying  the  trams  below  ground  into  a  conveyer,  and 
anyone  conversant  with  colliery  pr.actice  will  recognize  the 
difficulty  of  finding  space  to  liandlc  and  screen  coal  below 
ground.  Unless  this  were  done  it  would  interfere  with  the 
present  basis  of  contract  between  tlic  employers  and  work- 
men for  checking  the  coal  output.  This  point  is  funda- 
mental, and  any  departure  would  result  in  endless  trouble 
with  the  Trade  Unions. 

Haulailc — Mr.  Merz  draws  attention  to  Fig.  27.  This  is 
a  draughtsman's  error.  Tlie  high-speed  gear  should  have 
been  shown  double  helical  as  in  the  case  of  Fig.  26. 

Ligliling.— Mr.  Larke  draws  attention  to  Mr.  Ralph's 
electrical  recorder  of  the  percentage  of  pit  gas  present. 
While  the  instrument  has  ample  range  and  is  no  doubt  of 
great  value,  in  my  opinion  it  is  still  necessary  to  have  a 
percentage  of  safety  oil-lamps,  as  in  many  instances  tlie 
only  warning  of  the  presence  of  gas  is  by  a  lamp  going  out. 
For  the  electric  indicator  to  be  effective  it  would  either 
have  to  give  an  audible  signal  or  suddenly  to  change  its 
illuminating  power  so  that  the  miner's  attention  might  at 
once  be  directed  to  the  indicator. 

Electric  signalling. — I  am  in  agreement  with  practically 
everything  that  Mr.  Evershed  has  said,  and  I  am  very  glad 
to  have  his  support  in  what  he  said  about  the  suspicion 
attached  to  the  electric  bell.  While  the  electric  bell  was 
suspected  it  was  in  evidence  that  a  lamp  re-lighting  station 
existed  in  the  mine  where,  under  an  old  Government 
regulation,  a  naked  flame  was  allowed.  We  all  know  that 
the  naked  flame  was  a  very  dangerous  thing,  and  to  cover 
this  point  we  have  had  the  electric-bell  theory  e-xploited. 
Mr.  Evershed  gives  a  clear  definition  of  the  principal 
factor  making  for  safety  or  danger  in  signalling,  being 
the  electromagnetic  energy  stored  in  the  circuit  to  be 
broken.  When  dealing  with  this  point  on  p.age  422  of  the 
paper  I  refer  to  the  necessity  of  considering  the  inductance 
of  any  circuit  before  specifying  the  safety  hmits  in  terms 
of  volts  and  amperes. 

With  regard  to  the  suggestions  for  protection.  Dr. 
Thornton's  experiments  show  that  a  bell  contact  can  be 
rendered  perfectly  safe  by  shunting  the  bell  coils  through 
a  high  resistance.  This  appears  to  be  a  simple  and  effec- 
tive way  of  dealing  with  the  less  dangerous  factor  in  the 
signalling  circuit.  With  regard  to  the  open  wires,  while 
Mr.  Evershed's  suggestion  of  coppered  iron  in  place  of 
galvanized  iron  is  of  value,  I  consider  it  to  be  undesirable 
to  continue  signalling  by  making  contacts  between  the 
bare  wires  themselves  in  the  presence  of  gas,  and  I 
strongly  favour  tlie  use  of  enclosed  switches  to  complete 
the  circuit,  the  switches  being  controlled  by  pull  wires. 

With  reference  to  the  point  raised  by  Mr.  Cooper  as  to 
Fig.  30,  these  results  are  plotted  so  as  to  show  the  differ- 
ence in  the  characteristics  of  the  bells  actually  in  use  at 
Senghenydd  and  those  tested  by  the  Home  Office  as  "a 
Senghenydd  bell."  I  agree  that  the  pressure  might  have 
been  measured  across  the  bell  terminals,  but  this  would  not 
have  resulted  in  comparative  figures,  as  the  pressure  across- 
the  bell  terminals  was  not  given  in  Dr.  Wheeler's  report. 
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cut  rent  apparatus  iK-cjuse  lran»mi»Mon  of  electric  power 
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Iv  current   cjn    l)e   considered    for    any 
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11.  1   Ilie  type  to  be  deM:ril>cd  will  hnd  a  place  if 

they  can  .KCdinpliNh  a  given  object  more  cheaply  than  it 
could  l>e  ellcclcd  by  the  use  ol  continuous-current 
machines  and  converting  plant. 

Any  allusion  to  the  single-phase  problem  has  purposely 
been  omitted.  The  possibilities  and  potentialities  of  the 
>i;     ■  ■(.-   commutator    motor    have    been    thoroughly 

li.  'in  time  to  time  and  are  well  known. 

\VI.  .ISC  systems  mav    have  two,  three,  six.  or 

more    ;  Jeicncc    will  be  made   in  every  case  to   a 

3-phase  machine,  and  it  will  be  understood  that  the  prin- 
ciples involved  apply  to  any  other  number  of  phases. 

It  will  expedite  matters  first  of  all  to  enumerate  the 
fundamental  qualities  possessed  by  an  armature  fitted  with 
a  commutator  connected  in  series  with  a  stator  com- 
P'  winding   in   the   presence   of   a   rotating  field. 

1-  c  current  the  brush  spacing  on  a  commulaloi 

IS  iiaiuLtily  120  electrical  degrees.  The  closed  circuit 
winding  of  the  armature,  so  far  as  3-phase  currents  pass- 
ing in  and  out  at  the  brushes  arc  concerned,  is  equivalent 
to  a  delta-connected  winding.  The  three  separate  phases 
of  a  compensating  winding  are  placed  in  series  with  three 
brusties  resi>eclivcly,  and  they  arc  distributed  on  the  stator 
in  such  a  manner  that  the  currents  passing  through  them 
neutralize  the  armature  currents  at  all  points  along  the 
periphery.  Let  it  be  now  supposed  that  the  delta 
armaturc-windiiig  is  replaced  by  an  equivalent  star- 
connected  winding  terminating  in  the  brushes  ;  it  would 
be  found  that  the  three  phases  on  the  armature  possess 
exactly  the  same  numl>er  of  turns  as  the  comptensating 
winding,  and  that  they  are  wound  immediately  beneath 
and  opposite  111  sense. 

For  most  purpoMTS  it  is  simpler  to  consider,  instead  of 
ihc  i!iu  vsiiiiliiigs  represented  in  Fig.  I,  the  equivalent 
u'.-  1'.:::..;  'w:!  In-  Kig.  i.  Kach  phase  may  then  be 
I  1  it  is  sufficient  to  remember  that 

I  ,     :  c  of   the   armature   UA   has  the 
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terminal  U  and  the  star  point  O.  These  relations  arc 
shown  in  the  voltage  diagram.  Fig.  3,  from  which  it  will 
be  seen  there  can  be  no  voltage  between  the  terminals  ol 
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If  it  now  be  assumed  that  the  aniiaturc  rotates  slowly 
in  the  same  direction  as  the  rotating  hold,  the  relative 
velocity  of  the  field  to  the  armature  has  decreased,  and 
the  voltage  induced  in  the  armature  must  decrease  also  ; 
no  change  can  liavc  taken  place  in  the  frequency  of  the 
voltage  at  the  brushes,  or  in  the  magnitude  of  tlie  voltage 
induced  in  the  compensating  winding,  and  the  result  will 
accordingly  be  as  sliown  in  the  vector  diagram,  Kig.  4, 
where  A  B  C  is  the  armature  voltage,  and  D  K  !•"  tlic  terminal 
voltage. 

Proceeding  further,  examine  the  result  when  tlic  speed 
of  the  armature  attains  to  that  of  tlie  rotating  lield,  namely, 
synclironism.  The  iield  has  now  no  motion  relative  to  the 
armature  conductors,  hence  there  can  be  no  voltage 
induced  in  the  armature,  and  the  voltage  in  the  com- 
pensating winding  remains  the  same  as  in  the  previous 
cases  :  the  results  represented  by  Fig.  5  are  then  obtained. 


The  only  remaining  case  is  that  of  an  armature  speed 
higher  than  that  of  the  rotating  field  ;  the  direction  of 
cutting  of  the  lield  by  the  armature  conductors  becomes 
reversed,  and  the  phase  of  the  voltage  generated  at  the 
armature  brushes  is  of  opposite  sense  to  the  previous  cases. 
Fig.  6  depicts  the  armature  and  terminal  voltages  under 
this  condition. 

There  are  two  observations  to  make  from  Figs.  3  to  6  ; 
one  is  that  there  is  a  different  ratio  of  armature  voltage  to 
terminal  voltage  at  every  speed,  and  the  other  that  the 
terminal  voltage  is  exactly  the  same  as  regards  magnitude 
as  it  would  have  been  with  a  stationary  field. 

The  rotating  field  determines  two  things  ;  first,  the  seat 
of  the  voltage,  namelj'  whether  it  appears  in  the  stator  or 
the  rotor ;  and  second,  the  frequency  of  the  voltage 
appearing  at  the  armature  and  terminals  of  the  machine. 

With  these  simple  facts  in  mind  the  mode  of  operation 
of  all  commutator  machines  will  become  more  clear. 
/    Broadly  speaking,  there  are   two  main   types,   classified 
according  to  the  method  of  excitation,  namely  ; — 

(i)  Shunt. 
(2)  Series. 

The  former  implies  constant  field,  which  is  usually 
associated  with  constant  speed  under  load,  and  the  latter 
with  compound  e.'ccitation  with  varying  speed  under  load. 

Machines  of  the  shunt  type  will  be  considered  first. 

It  is  evident  that  a  single-speed  commutator  motor  is 
practically  useless  ;  the  only  advantage  over  an  induction 
motor  is  an  improved  power  factor,  but  this  is  not  suffi- 
cient to  merit  the  increase  in  cost.     The  real  advantage  of 


a  commutator  macliine  is  the  possibility  of  speed  variation, 
which  can  be  accomplished  without  loss  of  efficiency.  A 
variable-speed  polyphase  shunt  commutator  motor  is  the 
prototype  of  the  continuous-current  variable-speed  shunt 
motor.  The  many  speeds  are  obtainable  by  simple  regu- 
lation of  the  field  excitation. 

l..\TiiUK  Motor. 

The  first  motor  to  be  considered  is  one  built  to  the 
design  of  M.  Latour  in  France.  The  published  informa- 
tion being  very  meagre  it  will  be  supplemented  by  showing 
the  necessities  for  successful  operation  in  a  motor  of  this 
kind. 

Fig.  7  is  reproduced  from  a  paper  presented  by 
R.   Legouez  at  the  Turin  Congress.* 

The  motor  proper  is  fitted  with  a  3-phase  compensating 
winding  (i),  and  a  3-phase  armature  (2).  Instead  of  using 
a  separate  shunt  exciting  winding  the  armature  winding 
is  used  for  this  purpose,  and  an  exciting  voltage  is  im- 
pressed between  the  brush  studs  from  the  secondary  (3) 
of  a  transformer,  the  primary  of  which  (4)  is  connected  to 


Fin.  7. 

the  supply  system.  The  armature  winding  of  the  motor 
therefore  carries  in  addition  to  the  load  current  an  exciting 
current,  which  produces  the  working  field  of  the  motor. 
The  windings  of  the  transformer  (3)  carry  only  a  wattless 
current,  which  is  at  right  angles  in  phase  to  the  voltage 
induced  from  the  primary.  The  latter  fact  enables  a  very 
simple  means  to  be  employed  for  varying  the  terminal 
voltage  of  the  secondary  of  the  exciting  transformer,  and 
for  this  purpose  the  star  point  of  the  secondary  is  com- 
pleted through  a  variable  reactance  (5).  A  voltage-drop 
due  to  the  magnetizing  current  flowing  through  the 
reactance  (5)  is  exactly  opposite  in  phase  to  the  voltage 
induced  in  the  secondary  of  the  transformer  ;  since  the 
voltage  appearing  in  the  windings  (3)  is  constant  under  all 
conditions,  the  terminal  voltage  impressed  on  the  brushes 
of  the  motor  will  depend  upon  the  magnitude  of  the 
voltage-drop  in  the  reactance,  and  the  reactance  is  there- 
fore a  means  of  varying  the  impressed  voltage  on  the  field 
winding  of  the  motor — this  being  done  also  without  any 
change  in  phase.  It  will  be  observed  that  the  reactance  (5) 
is  strictly  analogous  to  the  field  rheostat  of  a  continuous- 
current  shunt  motor. 

For  reasons  which  will  shortly  be  apparent,  the  trans- 
former (3-4)  must   be  made  with  a   movable  secondary, 

*  R.  Legouez.  Moteurs  polyphases  a  collecteur.  Congresso  Inter- 
nazionale  delle  Applicazioni  Electriclie,  Torino,  September  IQII. 


ANU  THKIK   APHLICATIC)N 


44! 


Mt: 

III 

V.l 

.    Ill   Itic  vulta^r  III 

Iho  , 

i.'i , 

III 

.1   II  br  4»uiimi  Hut  I 

4 

will 

t»i. 

■    '  ■'                 I  ublN   II 

(lU. 

o. 

i>l    it   (.  < 

III 

1; 

u. 

j>  llic 
4>    Ihc 

6< 

>«i 

I  ,  c>  lcatuic»   ill  ctiiiiinoii   u'llli  iiuny 

oiha  iiucliiiica,  Slid  il  will  ilicrcforc  b«  contidcred  in  ■> 


Ultlc  iiv 

Ttic  ^ 

III  • 

P" 

ph. 


.1,.  ,.l. 


^rain,  Fi|{.  8,  i*  reprckcnUlivc  ol  an  ideal 


ill- 
>  I 

■'.V 

llic 


E 

p 

^/ 

C, 

r 

0 

( 

Kick. 


to  the  load  current  O  C,  and  TS  the  coi Tc>ponding  drup 
due  to  reactance  :  then  PS  !!■  the  internal  impedance 
pre»!>ure-drop,  and  S^  the  internal  counter-voltage  of 
rotalion. 

The  x-alue  of  S  ^  is  proportional  to  the  Acid  strength  and 
lu  the  speed  of  rotation,  and  i»  al>o  in  phase  with  the  6eld 
flux. 

I  n  and 

tlu  ^  : 'tallied 

by  proper  adjustment  of  the  phase  of  a  held  flux  and 
exciting  voltugc.  It  is  detennined  by  the  phase  of  the 
exciting  voltage  derived  from  the  secondary  (5)  of  the 
Iransfornici 
latcd  by  a  : 

ASSU! 

fur   all 

01 
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III 
11- 
I'  1  S  remains  coiiNtant  in  shape,  (he  phase 
drop,  F  T,  at  all  times  indicating  the 
ptuuc  of  the  load  current.  At  some  other  load  the  im- 
pedance triangle  takes  up  some  position  such  as  P  T,  S„  as 
shown  in  Fig.  >>,  the  current  vector  ^)  C  being  pamllcl  to 
PT,  ;  t'  uotive  force  of  the  machine  has 

increa-.  icr  the   held    is    constant   this 
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ics  wattless  and  the  vectoi 
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compared  with  the  reactance  pressuii  ' 

s'ariation  between  no  load  and  full  loail  .....    ....  .-..  .-..,-. 

The    one   essential  for   successful  operation   and    gtxid 
charactcristicN  is  tliat  h  '  '        '  '     -i 

with  the  lo.ul  current, 
would  remain  in  pha>e    wii 
factor  under   all  loads,  and   . 
ably  consUnt.     The  re>ulls  are  indicated  by  ^lg.  11. 


Fio.  l>. 

Whether  M.  Lalour  embodies  features  such  as  this  in 
the  actual  machine  il  is  impossible  to  say,  but  from  Ihe 
success  that  he  claims  it  would  seem  probable. 

Ill   Fig    I J  '     '      n 
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of  the  exciting  transformer  receives  a  voltage  wliicli  is 
lilted  in  phase  relative  to  the  true  star  voltage  of  the 
supply  system.  The  angle  of  tilt  depends  on  the  value  of 
the  voltage  derived  from  the  secondary  of  the  small 
added  reactance,  which  is  proportional  to  the  load  current, 
and  may  be  made  equal  to  the  desired  angle  0  at  a  given 
load  current.  This  automatic  tilting  of  tlie  phase  angle 
in  the  primary  oi  the  exciting  transformer  is  transmitted 
to  the  secondary,  and  hence  to  the  exciting  voltage  of  the 
motor  and  its  field  Ihix. 

It  is  not  possible  to  give  characteristic  curves  of  a 
machine  designed  on  these  principles.  So  far  as  the 
author  is  aware  none  have  been  published.  Fig.  7,  given 
by  Legouez,  is  suggestive  of  being  intended  to  illustrate 
the  principle  only,  and  not  the  actual  system  of  connec- 
tion. It  is  extremely  unlikely,  for  instance,  that  the 
exciting  voltage  is  impressed  on  the  armature,  as  this 
requires  increased  brush-gear  and  commutator  to  carry 
the  exciting  current,  which  seems  quite  unnecessary.  It 
would  be  much  cheaper  to  use  a  separate  exciting  winding 
on  the  stator  of  the  machine. 

There  is  a  difficulty  in  designing  a  simple  armatme  and 
compensating  winding  for  normal  voltages  except  with 
verv  few-  poles,  and  it  will  he  gener.ally  necessary  to  pro- 
vide a  transformer  for  the  whole  of  the  power  in  order 
to  obtain  a  voltage  suitable  for  the  motor. 

Whatever  the  methods  employed  by  M.  Latour,  to 
obtain  a  successful  motor  on  these  principles,  especially 
for  a  frequency  as  high  as  50  cycles,  it  is  quite  certain 
that  there  is  considerable  auxiliarj'  apparatus  in  addition 
to  the  motor  itself,  and  this  tends  to  make  the  equipment 
very  costly.  However,  machines  of  this  type  are  stated 
to  be  in  commercial  operation,  and  in  order  to  be  able  to 
compare  them  with  other  types  it  is  necessary  to  trespass 
outside  the  scope  of  this  paper,  and  consider  the  machines 
from  the  standpoint  of  commutalion. 

The  following  table  has  been  compiled  from  this  point 
of  view,  and  the  last  column  gives  the  permissible  per- 
centage speed  variation  above  and  below  synchronism  for 
motors  supplied  from  a  50-cycle  circuit. 

Table  i. 
^o-cycle  Motors. 


Horse-power 

Number  of  Poles 

Speed  Variation  above  and 
below  Synclironism 

Per  cent 

25 

6 

50 

50 

8. 

40 

IOC 

8 

30 

200 

10 

23 

• 

400 

12 

18 

500 

12 

16 

ElCHUERG   3-PHASE   SHUNT  COMMUTATOR   MOTOR. 

Another  example  of  a  variable-speed  motor  with  shunt 
characteristics  is  the  Kichberg  vphase  commutator  motor. 
The  original  motor  is  represented  by  Fig.  13.  The  motor 
is  simply  an  armature  fitted  with  a  compensating  winding, 
and  exciting  voltages  are  impressed  from  the  auxiliary 
anto-transfornier,  which  is  permanentlv  connected  in  star 
to  the  supply  system,  and  is  provided  with  tappings,  each 
of  which  may  in  turn  be  connected  to  the  brushes  of  the 
motor.  It  will  be  observed  that  by  varying  the  ratio  of 
the  two  arms  in  each  phase  of  the  auto-transformer  there 
is  a  different  ratio  between  the  armature  and  compensat- 
ing-winding  voltages  on  the  motor,  and  this,  as  previously 
seen,  implies  variable  armature  speed. 


For  small  sizes  the  speed  range  is  considerable,  and 
becomes  greater  the  smaller  the  machine.  For  large 
sizes  the  speed  range  is  very  limited,  and  is  not  sufficient 
for  the  usual  practical  requirements. 


Fig.  13. 

The  very  fact  that  the  armature  and  compensating 
winding  have  an  equal  number  of  turns  and  are  wound 
in  opposite  directions  prevents  energy  being  transferred 
from  stator  to  rotor,  or  vice  versa,  by  induction.  An  auto- 
transformer  connected  in  parallel  cannot  therefore  act  as 
a  power  transformer,  and  it  carries  only  the  wattless 
exciting  current  required  by  the  motor.  Speed  regulation 
by  the  means  described  is  a  comparatively  simple  matter. 

Unfortunately,  if  good  operation  is  to  be  maintained, 
this  simple  motor  cannot  be  constructed  with  a  sufficiently 
large  number  of  turns  in  the  armature  to  suit  normal 
supply  voltages.  It  is  quite  imperative  in  practical 
machines  tliat  the  number  of  armature  turns  be  consider- 
ably reduced.  This  being  so,  the  auto-transformer  at  once 
becomes  a  power  transformer,  and  delivers  a  portion  of 
the  total  input  of  the  motor  direct  to  its  armature  at 
comparatively  low  voltage  and  heavy  current.  The  effect 
of  the  change  is  considerably  to  increase  the  capacity  of 
the  transformer,  and  it  entails  also  a  massive  controller  to 
deal  with  the  heavv  currents  between  tlie  transformer  and 
the  brush-gear. 


The  necessity  for  a  transformer,  however,  vanishes  wiien 
the  stator  and  rotor  turns  are  no  longer  equal,  as  it 
becomes  possible  for  power  to  pass  from  stator  to  rotor 
bv  induction,  and  the  functions  of  a  transformer  may  be 
embodied  directly  in  tlie  motor  in  addition  to  its  previous 
duties.     The  modified  machine  is  shown  in  Fig.  14,  where 
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directly  lo  the  supply  system  without  the  introduction  of 
any  starting  devices.  Any  initial  torque  such  as  is  required 
to  start  tl;c  load  may  he  obtained  by  niovint;  the  brushes 
from  the  position  of  rest,  and,  in  general,  full-load  torque  is 
exerted  with  half  full-load  current,  and  other  torques  in 
proportion.  It  will  have  been  gathered  from  the  foregoing 
that  the  motor  is  quite  unsuited  for  maintaining  a  constant 
.speed  under  a  variable  load  torque,  unless  the  changes 
arc  very  gradual  and  allow  of  a  change  in  the  brush 
position  in  the  meantime,  but  for  loads  with  torques 
which  remain  practically  constant  at  all  speeds,  or  torques 
which  vary  only  with  the  speed,  tlie  motor  is  eminently 
suited. 

Centrifugal  pumps,  blowers,  and  ventilating  fans,  and 
also  reciprocating  pumps  and  Root's  blowers  may  be  cited 
as  examples.  The  torque  varies  approximately  as  the  square 
of  the  speed  in  the  first  three  drives,  and  for  the  others  is 
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Fig.  17. 

practically  constant  over  a  wide  range  of  speed.  In  the 
former  cases  the  series  commutator  motor  is  capable  of 
producing  speed  variation  from  standstill  to  the  maximum 
value  in  a  perfectly  smooth  and  gradual  manner.  It  is  not 
usual,  however,  to  make  provision  for  working  at  very  low 
speeds,  because  the  output  falls  off  so  very  rapidly,  and  is 
less  than  is  required  in  practice. 

The  speed-torque  characteristic  of  the  motor  possesses  a 
certain  peculiarity  at  low  speeds  which  prevents  a  large 
toi-que  such  as  full-load  torque  being  maintained  in  a 
stable  manner  below  a  speed  which  is  approximately  one- 
third  of  the  maximum  valuQ,  and  this  has  an  important 
bearing  on  constant-torque  drives.  Instead  of  the  inherent 
torque  of  the  motor  commencing  to  fall  immediately  the 
armature  has  started  from  rest,  it  gradually  rises  to  a  certain 
maximum  which  is  slightly  higher  than  the  starting  torque  ; 
then  it  begins  to  fall  away  in  the  usual  manner  as  the 
speed  increases  further  ;  consequently  if  the  motor  starts 
against  a  load  torque  which  remains  constant,  the  inherent 
rise  in  the  motor  torque  causes  acceleration,  which  con- 


tinues until  the  torque  falls  again   to  a  \alue  et|ual   lo  that 
required  by  the  load. 

The  speed-torque  curves  given  in  Fig.  17  arc  those  of  a 
loo-h.p.  25-cycle  8-pole  motor.  The  brush  shift  from  the 
short-circuit  position  is  marked  in  degrees  on  each  curve, 
and  the  dotted  line  drawn  through  the  points  of  maximum 
torque  may  be  termed  the  stability  line,  because  any  torque 
point  on  that  line  shows  the  minimum  speed  at  wiiich  that 
torque  can  be  maintained.  Suppose,  for  instance,  that  375 
r.p.m.  is  the  full-load  speed  of  the  motor;  the  full-load  torque 
=  1,400  Ib.-fl.,  and  lo  get  this  torque  at  low  speed  the 
brush  angle,  n,  must  be  slightly  less  than  45° ;  the  motor 
would  exert  this  torque  at  140  r.p.m.  approximately.  For 
small  brush  angles  the  motor  accelerates,  so  that  when 
a  =  30°  the  speed  becomes  335  r.p.m.  and  at  «  =  23"  the 
speed  is  375  r.p.m.  Stable  operation  under  full-load  torque 
cannot  be  obtained  at  a  speed  less  than  140  r.p.m.  ;  starting 
torques  greater  tlian  full  load  may  be  obtained,  but  the 
armature  would  continue  to  accelerate  to  speeds  above 
140  r.p.m.      The  stability  line,  therefore,  has  special  impor- 
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tance  in  showing  the  speed  variation  of  which  the  motor  is 
capable  at  any  torque,  and  the  limiting  speed  before 
coming  to  a  standstill. 

Generally  speaking,  a  speed  range  of  3  :  i  under  constant 
torque  is  the  utmost  limit  for  a  series  commutator  motor. 
The  power-factor  curves  corresponding  to  the  torque 
curves  are  given  alongside,  and  from  these  the  charac- 
teristics of  the  motor  for  any  t3'pe  of  drive  may  be 
deduced. 

It  has  been  previously  stated  that  in  a  machine  with 
stator  and  armature  turns  in  series  and  approximately  equal, 
satisfactory  design  is  not  possible  at  high  frequencies 
except  for  very  low  speeds.  For  all  supply  pressures  above 
200  volts  it  becomes  necessary  to  interpose  a  transformer 
between  the  stator  and  rotor  so  as  to  reduce  the  armature 
voltage,  but  the  capacity  of  the  transformer  is  a  fraction 
only  of  the  capacity  of  the  motor,  and  does  not  therefore 
add  very  seriously  to  the  cost.  Fig.  18  shows  diagrammati- 
cally  the  arrangement  which  is  employed. 

Other  applications  to  which  this  motor  may  be  put  are 
the  driving  of  calendering  machines  and  calico  printing- 
presses.  To  a  certain  extent  series  motors  are  used  for 
cranes  and   hoists,  but   as   those   required  are  usually   of 
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Also  for  the  generated  voltage  in  the  armature  circuit  the 
following  : — 

K  =  C(l>Z  H  ",  where  C  is  constant  ; 

or        E  =  C,  it>,  since  Z,  ti,  />,  and  a  arc  all  constants. 

Since,  however,  E,  is  a  known  fraction  of  E,  E,  =  KE, 
where  K  is  known,  and  mav  be  varied  at  will  ; 


hence 


E,  =  K  K  =  K  C,  i|>  =  K„./  <l>, 


whence  /^  1\C,/K„  and  is  independent  of  <1>. 

In  other  words  for  any  ddinite  value  of  K,  the  frequency 
must  be  constant,  or  for  any  one  ratio  of  the  exciting 
voltage  to  the  terminal  voltage  there  is  one  frequency  only 
at  which  the  machine  will  operate.  This  frequency  maj" 
be  altered  conveniently  by  varying  the  ratio  of  the  exciting 
voltage  to  the  terminal  voltage,  and  whatever  the  terminal 
voltage  these  relations  hold  good.  By  connecting  such  a 
machine  in  cascade  with  an  induction  motor,  the  slip-ring 
voltage  as  determined  by  tlie  design  of  the  motor  is  taken 
up  by  the  shunt  commutator  motor,  and  the  latter  enforces 
a  slip  frequency  only,  according  to  the  setting  of  its  excita- 
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tion.  It  will  be  evident  that  it  becomes  possible  with  an 
arrangement  of  this  kind  by  varying  the  excitation  of  the 
commutator  motor  to  impose  a  wide  range  of  frequencies 
on  the  external  circuit,  which  is  the  secondary  of  the  in- 
duction motor,  and,  as  previously  shown,  each  frequency 
corresponds  to  a  definite  speed  of  the  induction  motor. 
Speed  regulation  becomes,  therefore,  almost  as  simplfe 
as  with  continuous-current  machines. 

The  speed  of  the  induction  motor  would  remain  con- 
stant under  load  were  it  not  for  the  losses,  which  cause 
certain  voltages  to  differ  slightly  from  those  at  no  load. 
Actually  there  is  a  slight  extra  slip  produced  as  the  load 
on  the  motor  is  increased,  in  a  similar  manner  to  the  small 
slip  which  occurs  when  the  motor  operates  alone  with 
short-circuited  secondarj'. 

The  capacity  of  the  commutator  motor  is  determined 
very  simply  as  follows  : — 

Assume  the  induction  motor  at  standstill  with  full-load 
primary  input;  then,  neglecting  losses, 

Primary  volts  per  phase  x  primary  amperes  per  phase 
X  power  factor  =  secondary  standstill  volts  per  phase 
X  secondary  amperes  per  phase  x  power  factor. 

The  commutator  motor  has  to  deal  with  the  full  second- 
ary current,  and  a  voltage  which  is  fixed  by  the  maximum 


slip  frequency  employed  ;  thus  if  the  lowest  speed  desired 
is  .V  per  cent  below  synclnonous  speed,  the  slip  frequency 
in  the  secondary  is  .v  per  cent  of  the  primary  frequency, 
and  the  secondary  slip  voltage  =  .v  per  cent  of  the  stand- 
still voltage,  from  which  the  commutator  motor  capacity 
^.r  per  cent  x  secondary  volts  per  phase  X  secondary 
amperes  per  phase  x  power  factor. 

A  cascade  motor,  therefore,  capable  of  producing  .v  per 
cent  slip  in  the  main  induction  motor  must  be  designed  for 
.1-  per  cent  of  the  litter's  ratings. 


/I 


-§ 


\ 


K 


/ 


Fig.  20. 

It  should  be  pointed  out  perhaps  that  it  is  not  essential 
for  the  speed  of  the  commutator  motor  to  remain  constant. 
If  it  be  allowed  to  vary,  a  change  in  the  stable  frequency 
takes  place  for  the  same  setting  of  the  excitation.  In  other 
respects  the  conditions  are  similar  to  those  just  described. 

Two  methods  of  utilizing  the  torque  exerted  by  the 
commutator  motor  are  in  practical  use.  One  suggested 
by  Kramer  is  to  couple  the  shaft  of  the  commutator  motor 
direct  to  that  of  the  main  motor  ;  this  is  very  effective  and 
simple  provided  the  speed  is  moderately  high.  A  low- 
speed  motor  requires  an  unnecessarily  expensive  com- 
mutator motor,  and  in  sucli  a  case  a  cheaper  arrangement 
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may  be  obtained  by  driving  the  auxiliary  by  a  belt  or  by 
utilizing  one  of  the  many  forms  of  enclosed  reduction 
gearing  and  a  high-speed  commutator  motor.  This 
combination  is  illustrated  in  Fig.  20. 

The  other  method  is  well  known,  and  is  due  to  Dr. 
Scherbius.  The  commutator  motor  is  direct  coupled  to  a 
squirrel-cage  induction  generator,  which  in  turn  is  electri- 
cally connected  to  the  supply  system.  Electrical  energy 
given  to  the  commutator  motor  at  variable  frequency  is 
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winding,  XY/.  and  I  X.  1  1  V,  III/,  rcs>pcclivcly  ;  the 
ariitaturr.  XY/.  is  replaced  by  its  equivalent  >t;»r-ci>ii- 
nected  wimJiiit"  OX.OY.  O/:  whilst  Ol',  OO,  OK,  arc 
the  cxcitint;  windings  connected  in  star. 

Coosideriiig  one  phase,  O  X  I,  let  the  vultagc  impressed 
on  It  be  repriscnted  by  O  A  m  Fig.  IJ.  The  excitation 
ii   '  '     -c  is  due  to  the  sum  of  the  vvi^dillJ•^ 

>  :;ive  an  equivalent  exciting  vi>ltuL;t'  in 
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I  .:irl  the  i-xciling  current  l.ifjj;.  iliy 

./  li  by  OC,  where  the  jiigle  HOC 

1-  .,--..  .  i -  ■  in  the  exciting  winding  make  « 

less  than  go'',  and  while  they  are  ven-  small  they  arc  not 
nef^lisible. 

riie  flux  of  the  machine  is  in  phase  willi  the  exciting 
current   OC.     No  vi.  i   be  induced   by  a    rotating 

field    between    the  O  1,    bccaiiM?    the    induced 

voltage  in  IX  is  iieuiralued  by  the 
induced  in  X  O.  The  only  countcr-v 
oppose  the  impressed  voltage  O  A  is  one  generated  by 
rotation  of  the  armature  in  the  flux  due  to  OC.  In  the 
vector  diagram  this  is  represented  by  OH,  which  it  will 
be  observed  is  not  opposite  in  phase  to  the  impressed 
voltage. 
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A  vector   diagram  sliowing  the  inodined   condition 
given  in   Fig.  34. 
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Taulk  2. 
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The  vector  diagram  for  load  conditions  may  be  deduced 
from  the  no-load  diagram  very  simply.  Under  load  there 
is  a  slight  change  in  frequency  which  is  associated  with 
a  corresponding  increase  in  voltage,  and  proportional 
increase  of  frequency  and  voltage  on  the  exciting  winding 
of  the  commutator  motor  maintains  constant  flux  :  lience 
it  follows  that  the  exciting  current,  O  C,  and  tlie  generated 
voltage  of  rotation,  O  H,  remain  constant.  Of  the  total 
impressed  voltage.  O  A,  one  component,  O  D,  is  therefore 


fixed,  and  the  other  component,  DA,  may  vary  in  magni- 
tude and  phase  according  to  load  conditions.  The  current 
produced  by  the  component  D  A  is  limited  by  the 
impedance  of  the  local  circuit  consisting  of  the  armature 
of  the  commutator  motor  and  the  rotor  or  secondary  of 
the  main  induction  motor.  Due  to  the  low  frequency 
of  the  current  the  pressure-drop  due  to  reactance  is  small 
compared  with  that  due  to  resistance,  and  the  impedance 
does  not  differ  greatly  from  the  resistance.  The  voltage 
component,  DA,  may  vary  as  shown  in  Fig.  25  under  load, 
and  it  may  also  be  taken  as  a  measure  of  the  magnitude 
and  phase  of  the  load  current.  The  watt  component  of 
current  varies  according  to  the  torque  required  of  the 
main  motor,  and  the  wattless  component  remains  practi- 
cally constant.  The  results  are  very  favourable  as  they 
show  the  main  motor  to  be  fully  magnetized  from  the  rotor 
leading  current  at  all  loads,  and  the  stator  accordingly 
operates  at  unity  power  factor  under  all  conditions. 

The  power-factor  characteristic  curve,  I  in  Fig.  26,  is 
typical  of  those  obtained  at  many  speeds  during  tests  on  a 
500-h.p.  440- volt  40-cycle  i2-pole  induction  motor,  in 
conjunction  with  a  shunt-excited  commutator  motor  manu- 


factured by  the  British  Thomson-Houston  Company.  A 
few  speed  characteristics  (curves  .V  in  Fig.  26)  also  bear 
out  the  conclusion  arrived  at  from  tlieorctical  con- 
siderations. 

The  possibililv  ol'  furlhcr  improvement  along  these 
lines  has  been  proved  by  following  the  suggestions  of 
Milch.  He  proposed  to  employ  the  commutator  motor 
as  a  commutator  generator  and  to  run  the  induction 
motor  above  synchronous  speed  as  well  as  below. 
Tills  introduces  two  problems ;  one  is  to  pass  through 
synchionism,  and  the  second  is  to  design  a  commu- 
tator machine  which  will  not  only  act  as  a  motor  but 
will  also  operate  as  a  self-excited  generator  at  any 
frequency  within  tlie  desired  range,  either  on  open  circuit 
or  under  load.  The  similarity  of  working  above  and  below 
synchronism  is  very  marked  ;  in  one  case  the  commutator 
generator  delivers  power  to  the  induction  motor,  causing 
it  to  operate  above  synchronism,  and  in  the  other  case 
power  is  abstracted,  causing  it  to  work  below  synchronism. 
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Approaching  synchronism  the  normal  tendency  in  an 
induction  motor  is  for  the  slip-ring  voltage  and  rotor 
current  to  become  zero  ;  therefore,  since  there  is  no 
voltage  available  for  excitation,  it  is  quite  impossible  for 
the  commutator  machine  to  force  the  passage  through 
synchronism  alone.  In  order  to  pass  the  synchronous 
point  it  is  necessary  to  obtain  exciting  current  of  proper 
frequency  and  phase  from  a  source  of  constant  magnitude, 
and  independent  of  the  actual  value  of  the  frequency. 
This  may  be  suitably  accomplished  by  the  use  of  a  small 
frequency  converter,  the  purpose  of  which  is  to  provide 
exciting  current  for  the  commutator  machine,  separately 
exciting  it  during  the  period  that  no  voltage  is  available 
at  the  slip-rings  of  the  motor.  The  armature  of  such  a 
machine  is  exactly  like  that  of  a  small  rotary  converter, 
and  revolves  in  a  ring  of  laminations  without  windings,  or 
the  laminations  may  be  attached  to  the  armature  and 
revolve  with  it.  A  voltage  of  supply  frequency  being 
impressed  on  tlie  slip-rings,  there  is  a  similar  voltage 
present  between  the  stationary  brushes  pressing  on  the 
commutator,  but  the  frequency  of  the  latter  voltage 
depends  on   the   direction  and   speed  of  rotation  of  the 
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necessarily  be  a  perfect  one — there  are  ways  and  means 
by  which  a  series  excitation  may  become  superposed  on 
the  shunt  excitation,  that  is,  an  additional  excitation 
proportional  to  the  armature  current.  So  long  as  this 
excitation  gives  rise  to  a  voltage  whicli  has  a  component 
opposite  or  at  right  angles  in  pliasc  to  the  current  (lowing, 
no  ill  effects  can  result,  but  if  it  should  be  in  the  s;imc 
sense  as  the  current  and  of  appreciable  magnitude  in- 
stability must  necessarily  occur. 

The  flow  of  current  through  the  resistance  of  the 
armature  produces  a  counter  voltage  or  resistance  pressure- 
drop,  opposite  in  sense  to  the  current  and  proportional 
thereto,  but  if  at  any  value  of  current  a  voltage  is  gcne- 
r.itcd  in  the  machine  greater  than  the  I  R  drop  and  of 
opposite  sense,  there  is  an  immediate  tendency  for  the 
current  to  increase  and  become  cumulative  if  not  balanced 
by  other  means.  Suppose  an  "active  "  current  be  present 
and  it  tends  to  increase  from  the  cause  just  mentioned, 
the  main  motor  then  exerts  a  greater  torque  than  is 
necessary  for  the  load  and  the  rotor  commences  to  accele- 
rate, bringing  about  a  reduction  in  the  terminal  voltage 
and  frequency  of  the  commutator  motor  ;  but  reference 
to  the  vector  diagram  will  show  that  as  O  A  decreases  it 
entirely  prevents  the  flow  of  any  "  active  "  or  load  current, 
hence  the  overload  capacity  of  the  commutator  motor 
vanishes  altogether. 

This  conclusion  may  perhaps  be  seen  more  directly  by 
considering  the  wattless  component  of  current.  Clearly 
a  wattless  current  can  produce  no  change  in  voltage  or 
frequency  because  it  exerts  no  torque  ;  and  the  presence 
of  a  voltage  proportional  to  the  current  and  in  the  same 
sense  simply  causes  the  wattless  current  to  become  cumu- 
lative, with  obviously  disastrous  results. 

The  type  of  motor  with  a  control  system  as  described 
is  only  of  practical  service  for  large  outputs.  In  small 
units  it  is  much  too  expensive,  but  for  large  powers  it 
becomes  cheaper  than  a  continuous-current  motor  and 
apparatus  converting  from  alternating  current  to  con- 
tinuous current. 

The  limit  of  slip  frequency  is  approximately  15  cycles 
per  second,  so  that  except  for  25-  and  40-cycle  supply 
systems  the  amount  of  speed  regulation  is  perhaps  not 
so  wide  as  would  be  desirable  for  some  applications,  and 
this  may  limit  its  possible  field  to  some  extent.  Its  use 
lies  principally  for  unidirectional  rolling-mill  drives,  and 
for  this  purpose  it  is  admirably  adapted.  The  speed 
characteristics  shown  in  Curves  A,  B,  and  C  of  Fig.  26 
may  be  made  to  droop  to  any  desired  extent  as  load  is 
appHed  by  the  simple  superposition  of  series  excitation 
on  the  shunt  excitation  of  the  commutator  machine.  A  con- 
siderable drop  of  speed  between  no  load  and  full  load  is 
usually  necessary  for  rolling-mill  service  in  order  to  utilize 
energy  stored  in  the  flywheel. 

For  the  driving  of  large  ventilating  fans  and  blowers 
this  method  of  speed  regulation  would  be  superseded  by 
the  system  next  to  be  described. 

Cascade-coxxected  Series  Commutator  Motor. 
The  %'ariability  in  the  power  factor  of  a  brush-shifting 
series  commutator  motor  at  once  precludes  it  from 
successful  use  in  cascade  with  an  induction  motor,  since 
the  power  factor  if  variable  must  be  under  perfect  control 
for  all  frequencies  as  in  a  shunt  commutator  motor.     The 


machine  which  will  be  discussed  has  fixed  brush  position,, 
and  if  run  at  constant  speed  hjs  a  fixed  power  factor  under 
all  loads  and  frequencies.  Furthermore,  the  system  of 
control  has  been  made  as  simple  as  brush  shifting.  Fixed 
brush  position  is  necessary  if  satisfactory  operation  is  to  be 
obtained  with  large  currents  througli  a  wide  range  of 
frequency,  and  the  question  of  commulation  alone  is 
sufficient  to  compel  its  adoption  in  a  practical  machine. 
The  theoretical  considerations  differ  somewhat  from 
those  hilherto  discussed.  The  object  is  to  compel  the 
commutator  machine  to  generate  a  voltage  strictly  pro- 
portional to  the  current  passing  through  it  and  also  at 
some  predetermined  phase  angle  to  the  current  ;  this 
is  accomplished  by  series  excitation.  In  this  manner, 
current  and  voltage  become  inseparable;  i.e.  one  cannot 
exist  without  the  other  being  present  in  corresponding 
magnitude.     Secondary  current,  liowever,  is  essential  for 


the  maintenance  of  the  torque  in  the  main  motor,  and' 
the  application  of  load  to  the  shaft  automatically  causes 
current  to  flow,  hence  there  is  no  alternative  but  for  a 
voltage  to  be  present  at  the  slip-rings  and  opposing  that 
generated  by  the  commutator  machine,  which  implies 
that  a  certain  slip  has  taken  place  ;  also,  the  greater  the 
current  necessary  to  provide  the  torque,  the  greater  must 
be  the  slip.  The  commutator  machine  in  part  acts  liUe 
a  resistance,  producing  a  slip  proportional  to  the  load. 
There  are  two  essential  differences  between  this  and  a 
resistance  speed-regulation  ;  one  is  that  the  energy  input 
to  the  commutator  machine,  represented  by  the  voltage  at 
its  terminals  and  the  current  passing  through  it,  is  converted 
to  mechanical  work,  which  may  be  utilized  as  desired, 
and  secondly  the  current  is  not  in  phase  with  the  voltage, 
which  means  that  a  wattless  component  is  present. 
Naturally  this  component  is  used  to  advantage  by  making 
it  of  such  strength  as  to  act  as  the  magnetizing  current 
for  the  main  motor,  and  thus  to  improve  its  power  factor. 
In  its  simple  form  the  series  commutator  motor,  or  slip 
regulator  as  it  is  termed,  is  a  combined  phase  advancer 
and  slip  producer,  the  slip  being  proportional  to  the  load. 

To  extend  its  sphere  of  usefulness  it  is  desirable  to  be 
able  to  adjust  the  slip-producing  properties  so  that  any 
required  slip  for  a  given  load  may  be  obtained,  and  at 
the  same  time  to  retain  the  phase-advancer  properties 
under  all  conditions. 

For  this  purpose  the  stator  of  the  commutator  motor  is 


ASM)   THKIR    AIMM.KATinV 


t'll 


It 


\k-indiii|;. 


.      Koc    .. 

ii.  i  <*ti  part*,  I'lit  .■!  .....v., 

4  lo  the  Aiiiuturr,  aiiJ  Hit 

\  .  II   V^ltlr 

lie    llul 

I'V     OA 

"f    the 
by  Oh  :  .met  m 

.^     '  It.'  I»  oliljiiinl    .,  .-    .  .  .o 

4ii>l  i.  K  a>  all  I  viiliii^  Miiutiii^ 

■     1  slimil  !■              ■  ■  'I   wind- 

111    llic    I  lit     iiuv 


ti   it   it  cvidrul   lh;tt   wttli  the  >jtinc  lutal 
ivalmt  rxcilatiuu  rcprc<«alo(l  by  C  U  ba» 


I 


CB.  I 

currri..   ,.,.    .>, 
hccn  irvluced. 

of  a  variable 

llic   llux   Jllll 
\  I  cil 

^  illy 

I  .1    liiiirrd   rcsistaiiv-'c  ;    .<                    ^    it 

|j   -  :.  with  an  iron  core,  and                    lity 
\s   produced    by   movement   of   the   latter.      This  simple 

opera! -a'-v'i  is  the  only  regulation  necessary,  causes 

the   I  machine   to   take   up   a   wide   range   of 

il  The    limits  arc    approximately   fhoM:   of 

I  iilaior  motor  the  nuiximum  >lip  ircqucncy 
!■  ccoiid  :  with  a  jo-cyclc 

II  1  30  per  cent  l>clwcen 
nu  load  and  maximum  load. 

The  cltaracten^tio  shown  in   Fig.  29  were  obtained  in 

tbe  Testing  Department  of  the  British  Thomson- Houston 

Company.     The  improved  power  factor  at  light  load  is  not 

qiiiti'    M.I   ^ood   a»   can    be  obtained    with   a   pure   phase 

.'  -  iiuration  in  the  commutator  machine 

<.  hut    the   improvement   at   full   load, 

\v  v    iiulleis   so  far   as   the   generating    plant    is 

IS  very   considerable  ;    the    pt)Wer  factor  also 

rinaiiis  indeiHrndent  of  the  amount  of  speed  regulation. 

The    following    readings    taken     in    the    commutator- 

iiachine  circuit  are  typical  : — 


ufi. 
UIO 


>avum  U   (M.uVciaLik.   in.'.    ;.il!icltu    llux    L^s 


.1 


400^ 
300 


10 
0 


IZO- 

i- 


100 


zoo      300 

OuCpoC     •" 

Kio.  J9. 


400      500     teo 


been  possible.  The  slip  regulator  converts  not  only 
ipj  per  cent  of  the  energy  previously  wasted  into  useful 
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A  limit  of  slip  frequency  of  15  cycles  per  second  is  not 
necessary  with  resistance  regulation.  Rlieostatic  regu- 
lators are  generally  of  the  liquid  type,  and  rapid  action 
is  therefore  onlv  possible  wlien  the  operating  motor  is 
large  and  powerful  and  its  internal  losses  correspondingly 
great.  A  regulator  of  this  type  is  quite  unsuitable  for 
dealing  with  large  and  rapid  lluctuations  of  power.  A 
rhcostatic  regulator  capable  of  meeting  such  conditions 
must  be  practically  devoid  of  inertia  and  should  preferably 
require  very  little  power  to  work  it.  Such  a  regulator  is 
now  available  and  consists  of  suitable  metallic  grid  resist- 


adopting  the  latter  course  the  commutator  motor  drives 
the  direct-coupled  induction  motor  over  its  synchronous 
speed,  and  electrical  power  is  returned  to  the  system. 
This  type  of  equipment  may  be  built  for  any  output. 

Tnii   ScHRAf.K   V.\KIAUl,i;-SPEEI)  SHUNT   COMMUTATOR 

Motor. 
There  is  one  other  type  of    motor    introduced    com- 
paratively recently,  the  examination  of  which  has  been  left 
until   last,   because  it   combines   an  induction  motor  and 
cascade-connected  shunt  commutator  motor  in  one,  and  its 


Fiu.  30. 


ances  and  electrically-operated  contactor-type  switches 
with  current-limit  control.  It  operates  in  a  fraction  of 
a  second  and  keeps  the  current  strictly  within  a  definite 
prescribed  limit,  corresponding  to  the  setting  of  the 
current-limiting  relays.  With  the  rotary  regulator  there 
is  of  course  no  time  lag  and  the  induction  motor  has  the 
same  characteristics  as  a  compound-wound  continuous- 
current  machine. 
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Fig.  31. 


Another  service  is  the  regulation  of  an  induction  motor 
driving  a  ventilating  fan,  the  torque  of  which  is  definite 
at  each  speed.  As  will  be  seen  from  Fig.  31,  the  speed 
may  be  varied  by  changing  the  motor  slip-characteristic, 
which  is  effected  by  movement  of  the  shunt  cores  of  the 
commutator  machine.  The  characteristics  of  regulation 
by  this  method  are  exactly  the  same  as  by  resistance.  To 
utilize  the  torque  exerted  by  the  commutator  motor  it  may 
be  coupled  to  the  same  shaft  as  the  main  motor,  but 
preferably  to  a  smaller  high-speed  induction  motor.     By 


action  may  be  more  readily  understood  after  the  preceding 
discussion. 

Assume  that  the  3-phase  primary  winding  of  an  induc- 
tion motor  is  closed  on  itself,  as  would  be  the  case  in  a 
continuous  winding  of  the  lap  type  ;  the  tappings  at  which 
voltage  would  be  impressed  are  120°  apart.  The  second- 
ary winding  on  the  rotor  is  shown  as  three  separate  phases 
by  AA„  BB„  CC„  in  Fig.  32. 


Fig.  32. 

It  has  already  been  shown  that  to  maintain  a  rotor  speed 
lower  than  synchronism,  there  must  be  a  counter  electro- 
motive force  supplied  to  the  rotor  phases  of  the  same 
frequency  and  opposite  in  sense  to  the  voltage  induced  in 
them  by  the  slip  of  the  rotor  relative  to  the  primary  lield. 
There  is  a  verysimple  and  effective  method  of  accomplish- 
ing this  without  an  auxiliary  machine,  as  will  be  clear 
from  the  following  : — 

Let  a  stationary  commutator  be  fitted  to  the  stator  wind- 
ing, the  junctions  of  the  coils  being  connected  to  the 
segments.  Any  pair  of  brushes  pressing  on  the  com- 
mutator will  have  a  voltage  between  them  the  value  of 
which  depends  on  the  angular  separation  or  spacing. 
The  frequency  of  the  voltage  depends  on  the  speed  of 
rotation  of  the  main  field  relative  to  the  brushes,  and  if  the 
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it  a  detanitc  »pecd.  The  machine  has  the  abihty  to  take 
load  with  rery  slight  speed  drop  in  precisely  the  same 
manner  as  an  induction  motor.  .\  load  torque  retards  the 
loioi,  and  the  increa-cd  viilta)>e  induced  exceeding  the 
counter  volt;if>«:  Iwtwccn  the  brushes  sets  up  a  secondary 
current  v.  'he  necessary  torque. 

It  will  il   the  secondary  current  flows  in 

the  some  sense  as  the  rotor  voltajjc  ;  the  rotor  is  therefore 

giving  up  energy  by  conduction  to  the  primary,  to  which 

there    will    be    occasion   to  refer  again.     Reversing   the 

position    of    the    brushes    is    a    natural  extension  of  the 

operation,  and  the  results  produced  are  of  fundamental 

.    .c.     The    volt  1  en    a    pair   of 

•>  tixed   by  p:  i»    and    is   un- 

and    uninfluenced  by  Bv 

^;    the    position    of    the    :  cfore 

reversing   the   sense   of   the    voltage    between  them,   the 

secondary  voltage  in  the  rotor  phase  is  compelled  to  follow 

suit,  and   this   necessitates   that    the  rotor   commence   to 

■  .»  speed  higher  than   synchronism.     Under  these 

-  the  torque-producing  current  in  the  secondary 

15  1..  -L-  as  the  primary  voltage  derived  from 

the  •  fiy   ">   therefore    conducted    from    the 

primary  to  the   secondary   and  converted  to  mechanical 

work. 

It  will  be  observed  that  the  functions  of  the  primary 
winding  are  two-fold  :  first  it  induces  voltage  and  transfers 
energy  through  the  medium  of  the  main  field  to  the 
secondary,  alter  the  manner  of  an  ordinary  induction 
miiliir  ;  secondly,  it  acts  as  an  auto-transfuriner  and 
and  thu- 
cd  to  It  I 
tjr  runs    hi  ronous    spectj, 

conducts    .1  .    power    to  the 

secondary  when  the  motor  runs  above  synchronous  speed. 
The  power  dealt  with  by  the  commutator  and  through  the 
brushes  is  only  due  to  the  slip  energy  analogous  to  the 
powei  dealt  with  by  a  separate  auxiliary  shunt  commutator 
nuitor. 
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being  allowed.  The  second  reason  is  that  the  secondary 
power  factor  may  be  artificially  improved.  It  is  shown  in 
the  discussion  on  the  cascade  shunt  commutator  motor 
that  by  tilting  the  counter  voltage  in  phase  relative  to 
the  voltage  impressed,  a  wattless  leadmg  circulating 
current  could  be  set  up  and  the   so  the 

primary  power  factor  unproved  to  .  In 

order  to  do  this  with  the  machine  under  c>  :i,  it 

is    only    necessary  to    move    the    brushes    t .   ...  ooe 

direction  relative  to  the  secondary.  To  be  strictly  accurate, 
the  angle  of  phase  shift  should  x-ary  with  the  frequency, 
but  as  this  is  impossible  a  compromise  must  result,  and  as 
wouUl    be   expected   under  tl.  -    the  fwimory 

power  factor  is  impioved  at  ind  at  other 

spiecds  tlieie  is  practically  no  . 

Keicreiicc   has   hitherto   bci  iy   hypo- 

thetical macliine  since  it  is  quite  impossible  practically  to 
alter  the  spacing  of  brushes  which  are  rotating  in  space. 
To  utiliie  the  idea,  the  primary  and  secondary  must  be 
inverted,!'  .v  with  its  c     - -.   -  ,•   -  ■'  i 
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in  opposite  directions  as  shown  in  Fig.  33. 

.K  still  further  modification  is  necessary  in  a  practical 
machine.  A  straightfor»-ard  primary  winding  after  the 
manner  of  a  ro'  .  •         would  have  coc- 

siderablv  too  I   .  :it  for  saiislactory 
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operation  with  a  normal  supply  voltage.  Two  distinct 
windings  arc  therefore  used  in  transformer  relation,  the 
one  connected  to  the  commutator  having  few  turns  and 
carrying  correspondingly  higher  current,  whilst  tlie  other 
mav  be  star  or  delta  wound  and  connected  to  tlie  slip- 
rings. 


Tlie  practical  limit  of  capacity  for  machines  of  this  kind 
is  in  the  neighbourhood  of  70  h.p.,  and  within  this  limit  in 
the  author's  opinion  it  is  the  cheapest,  simplest,  and  best 
variable-speed  alternating-current  motor  with  a  shunt 
characteristic  yet  evolved. 
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Fig.  34. 

The  characteristics  lihown  in  Fig.  34  are  reproduced 
from  the  FAckiroicchnhchc  Zeilschyift*  four  speed  curves 
being  given  from  the  many  obtainable  within  the  complete 
speed  range.  The  machine  is  essentially  one  wliich  gives 
an  output  proportional  to  the  speed,  as  may  be  readily 
deduced  from  its  action  above  and  below  synchronism. 
The  construction  of  circle  diagrams  other  than  for 
synchronous  speed  are  somewhat  difficult,  but  the  solution 
becomes  verv  simple  by  analytical  methods. 

The  motor  is  specially  suited  for  driving  machine  tools, 
pumps,  fans,  blowers,  Jpaper-making  machinery,  and 
printing  presses. 

•  ElcklrolecUnisihc  Zeilschrifl,  vol.  35,  p.  Sg,  11)14. 


Conclusion. 
Variable-speed  motors  of  the  shunt  and  scries  types  are 
at  present  being  manufactured  in  sizes  up  to  75  h.p.  at  50 
frequency,  and  in  higher  powers  at  lower  frequencies,  and 
in  service  are  giving  very  satisfactory  results.  They  are 
not  inherently  costly,  and  it  seems  very  improbable  that 
any  other  new  type  will  be  forthcoming  to  render  them 
either  clieapcr  or  more  simple.  Between  75  h.p.  and 
200  h.p.  tlie  types  available  have  a  jirice  per  horse-power 
which  seems  to  be  prohibitive  if  judged  by  the  number  in 
operation.  Kor  outputs  above  200  li.p.  the  induction  motor 
with  cascade  commutator  motor  is  probably  the  cheapest 
and  best  combination. 


APPENDIX. 

SliRIES    COMMUTATOK    MolOR. 

The  behaviour  of  the  motor  may  be  deduced  from  the 
consideration  of  a  single  phase  so  long  as  the  influence  of 
other  phases  is  not  neglected.  In  Fig.  35  a  single  phase  of 
the  stator  and  rotor  is  shown  diagrammatically.  The 
stator  phase  is  displaced  from  the  rotor  phase  carrying  the 
same  current  by  an  angle  a. 

Let  S  =  number  of  stator  turns  per  pole  per  phase. 
R  =  number  of  rotor  turns  per  pole  per  phase. 

For  analysis  the  stator  turns,  S,  may  be  separated  into- 
two  components,  one  of  which  is  along  the  armature  axi.s 
in  a  compensating  sense,  and  the  other  at  right  angles 
thereto  exciting  the  armature  phase.  The  compensating 
turns  may  be  expressed  as  S  cos  n,  and  the  exciting  turns 
as  S  sin  o,  as  shown  in  Fig.  36. 
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The  compensating  turns,  S  cos «,  are  not  necessarily 
equal  to  the  armature  turns  ;  the  difference  (.S  cos  a  —  K) 
may  produce  an  excitation  along  the  axis  of  the  armature 
=  (Scosn  —  R)  I  ampere-turns,  where  1  is  the  maximum 
current  per  phase. 

The  excitation  due  to  all  phases  of  the  exciting  winding.* 
=  K  S  1  sin  a,  where  K  is  a  constant  depending  on  the 
number  of  phases,  and  the  excitation  due  to  the  difference 
between  the  armature  and  compensating  turns  of  all 
phases  =  K(S  cos  «  — R)  I.  These  two  excitations  being 
at  right  angles  in  space  the  resultant  excitation 
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To  obtain  the  value  of  thia  induced  voltage  it  i>  mcrcl\ 
ne.  e>Nary  to  add  vcctorially  those  induced  in  the  equivalent 
wiiiiliiig*.  The  magnitude  of  the  induced  voltage  in  the 
exciiiiig  winding  of  one  pha>e  of  the  stator  winding 

=  4-44/»^S  sin  «  X  lO"*, 

and  the  value  of  the  voltage  induced  in  the  armature  and 
COni[>en&at!Oii  turns 
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wh. 


c  current  I  of  phase  1. 
„c  the  reactance  prcv.urr-drop,  I  X. 


Since  both  ()  H  and  O  D  are  proportional  lo  the  curreol 

i 

•jT);«?'on  thai 

S  co^  u  l^   -  to  «. 

OV- 

Tl. 

(he     1.  vlllMlI^'IKV      It-.tV      ^'1      ■■  ••,v 

oilici  .it,  S  V.  overcomes  the  I ■  jfc* 

1  lie  power  factor  it  cos  V  O  I, 

Tiii»   (I  1-    been    based   on    ' 

standard  >  1.   whereas  in  the  j 

iinpre»cd    voltage,  OV,   is   the    only    con«tant 

and  the  diagram  must  therefore  be  cooiidcrcd  : .  .... 

Niandpoint. 

The  components,  O  S  and  S  V,  of  the  cor  ■.   •       '•    - 
OV,  are  variable.     O  S  is  proportional  lot 
.11  m.ilure  and  tu  tin 
i    •  :'"ii;il  to  Ihe  ciK 

arrcnl  ;   >   . 
..    10  the  cii  .    .     ■ 

poMtion  IS  fixed. 

For  all  current  values,  i^  and  •  remain  coastant,  and 
therefore  the  angle  CSV,  which  ^i>}-f  •>  ^,  mu^t  be 
1:011  ^tant  ;  hence  for  var>'ing  valuer  of  OS  and  SV  Ibc 
\'  ml  S  inu^t  move  on  the  arc  of  a  circle  of  which  O  V  it  a 
cii..:.l       1  !c  .,!!^,  I  by  OV  :!c  o<  the 

i.ui.ii--     i~     -•    .,'    —  l"hc     ch.i-  :(     thr 

mot'  1  .lie  I  Ic-.ii  1\  ill 


lal  to  SV  approaches  a 

nil  1 1 .1-1  -  «■.!.  ...1  -jieed  t 
current,  and  at  extremeh 
to  O  V  ani! 
The   ci. 
reproeiit  tut 


OS 

:  decrease  ii  .> '»  an  1  the 

t-Js  OS  becomes  cii^ual 

cj  by  S\'  ;i. 

!     to     t'>C  "UV 


enl 


'  ^,  so  mat  tor  all  values 

t. -,  ..- ,.... -inent  from  O  V,  the  mip:.     ■•age. 

is  known,  which  cslablishet  the  power  factor  ol  the  motor. 

The  diagram  may  easily  be  extended  to  >V  - 

losses,  and  also  the  output  for  all  cm  rent  \.t 
will  1, 

l(  >•  s«he*l  sp«>rfl- when 


wliKii  v.iMi.iu->  It  irom  O  S,  .1 
tlic  allele  of  lag  of  the  curfeiil 


:noingspec<l» 
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To  improve  the  power  factor  the  angle  8  should  pix- 
ler;ibly  be  negative,  which  would  he  the  case  with 
R  >  S  cosn.  Unity  power  factor  at  normal  niiininsj  speeds 
is  thus  made  possible  by  properly  proportioning  llio  parts. 

The  speed  characteristic  of  the  motor  obtained  in  this 
way  IS  for  a  delinite  angle  a  between  the  axis  of  the 
armature  and  that  of  the  stalor  winding  ;  by  shifting  the 


brushes  a  is  changed,  but  upon  this  angle  the  angles  6  and 
i|/  of  the  vector  diagram  depend,  hence  the  motor  has 
a  different  characteristic  for  every  brush  position.  To 
analyse  the  behaviour  of  the  motor  completely  it  is  neces- 
sary to  construct  a  series  of  speed  characteristics  each 
corresponding  to  a  definite  brush  position. 


.    By  .-eference  to  Equation  (i)  it  will  be  seen  that   the 
induced  voltage  I  x  may  become  large  without  the  current 
I  necessarily  being  large. 
The  reactance  depends  on  the  expression 

R»  — 2RScosa  +  S', 

which  has  a  high  value  as  a  approaches  i8o',  when  cos  a 
becomes  negative.  In  fact  with  normal  designs  the  re- 
actance is  so  high  when  a  =  i8o°  that  the  input  current  is 
quite  small  even  with  the  armature  at  standstill.  In 
practice  use  is  made  of  this  circumstance  by  making  it  the 
starting  position.  The  motor  may  be  connected  direct  to 
the  supply  system  and  will  take  only  a  small  current.     As 


the  brusiies  arc  shiltc<l  the  Liuicnt  increases  and  torque 
develops,  the  motor  eventually  commencing  to  rotate 
against  any  initial  load  torque  within  ils  capacity. 

The  vector  diagram.  Fig.  ;,(),  illustrates  the  relations 
between  the  current  ai\il  voltage  when  0  becomes  negative, 
as  would  be  the  ease  in  an  actual  machine. 

Certain  features  which  throw  light  on  the  general 
behaviour  of  the  machine  may  be  deduced  by  neglecting 
its  resistance.  With  zero  resistance  \j/  ^o  and  the  angle 
O  S  V    of    the    vector     diagram  :=  90  ±  0.      Taking    the 
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Fig.  41. 

practical  case,  assume  the  angle  0SV  =  90  —  G.    The  angle 

subtended  at  the  centre  of  the  circle  by  O  V  =  2  (90  +  9), 

hence  the  angle  VOC,  where  C  is  the  centre  of  the  circle, 

is  equal  to  6  (see  Fig.  40). 

. ,       •     ,  OV  E 

Also  the  diameter  of  the  circle  =  — ^— ,  =  -— r^' 

cos  t?        COd  u 

Let  the  ratio  of  the  armature  to  stator  turns  per  phase 
=  a  =  R/S. 

ScOSa — R  cos  a  —  a 

Ssina  sin  a    ' 


Then 


tan  9  =  — f,— .- 


and 


J I  -+-tan='9 


J  a'  —  2a  cos  a  +  I 
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r\iii)u(  1  'lie 

bckl  llu»,  a;.       -    .         -  ■  iil 

bclwrcji  Ihciii,  which  ik  •. 
Hrncc  Tutijue  v  coiikiaiit  x  I  ♦  cot  *. 

^  K.  I  S  v'J'  —  •J  i-u^  u  +  I. 

ig  (he  VrUuci  o(  co>  9  and  *  in  Ihc  cxpic»>ion 
U 

Tu(i)uc  ^  constant  x  I*  un  a. 

TbU  ln(1lcatc^  Ihc  intimate  relation  between  torque, 
cnrrvnl,  ami  biu>h  |>oMiion. 

The  current  it  a  inaxmiuiii  when  the  induced  vi>llaf>e, 

S  V,  i»  a  maxiuiii! '\ .  when  S  V  liecoincs  a  diameter 

of  the  circle  ami  o»0  volts. 

The  induced  viii.i^i-  l^  alMi 

=  i  J  s  I  [\  -t-  K.  MK-  -  2  K  S  cos  •  -f  SM] 

=  1  [X  -f  K,  ((J*  —  3  UCOlia  +  l)]. 

The  injiumuin  current  U  therefore 

E/cof 

X  +  K,  («• —  ;iico«a  +  lY 


Hrncc  ili«  nuuioiiun  lo(t|uc 
a  CI'tta«B 

Cu> 
Sul»lllullll|>  liif  cut'  V 

Maximum  lon|ue 
M  cooUjwt  X 

Mil 

Tlii-  r«prp»Mon  cannot  l»e  (iirlhrr  MmphfirH  t»«r«o4«  fhe 

le.ii                                 X,    Ik    I'  'I 
K.                         •  I).     It  »l 

hclttTen  tlie  maxiiiiuin  torque,  the  I  c 

ratio   ot   the   nuiiil>cr    of   ktalor   to  i  |> 

values  with  j»uincd  constants  the  cu:  ,  i 

are  obtained.     These  arc  very  r    ■  * 

that  the  raiiiic  over  which  Ur^e  i  ^ 

colli'                \   limited  and  i 

brii                    •nicnt  ;  and  i  » 
arc  ubuiiiable  with   v.> 

Fortunately,    the    latti :  ,             i( 

good  use  is  to  be  made  ol   the  malcnal,  is  also  near  the 
condition  for  good  power  factor,  namely.  R  >  Scosa. 


Discussion. 


Dr.  G.  Kapp  :  The  subject  of  this  paper  has  been  too 
lo:  -  ;cd.    One  reason  for  this  may  pos>ibly  be  the 

di  .'>id  the  use  of  a  commutator  in  alternaling- 

cuiic'iil  machinery.  When  Ferraris  showed  how,  by  the 
use  of  u  rotaJiiif;  tji-li).  nv^iors  could  be  built  free  from  thi> 
ti  iicers  saw  in  this  discovery  the 

sul- , A' to  transmit  and  utilize  electric 

power  on  a  Urge  scale.  The  3-phase  induction  motor  vns 
hailed  as  the  universal  solution  of  power  distribution,  and 
the  absence  of  a  commutator  was  considered  to  be  its 
greatest  virtue.  One  is  naturally  disinclined  to  give  up 
such  an  adi-antage  and  this  may  be  one  of  the  reasons 
why   the  altern..'  r    motor   lus  not 

been  taken  up  \\  juntry.     Another 

reason  is  possibly  the  general  diHiculty  of  the  subject  from 
a  theoretical  point  of  view.  An  engineer  wishing  to  design 
such  a  machine  will  6nd  little  help  in  the  text-books  on 
electrical  v.:  z '.    he   has    to    study   the    scattered 

articles  in  |  mostly  foreign,  and  then  he  bnds  it 

difficult  to  iccuitcUc  the  statements  of  ditfercnt  authors, 
and  this  the  more  so,  as  e;ich  author  ii«.es  a  ditfercnt 
notation  and  vectorial  re;  who    have 

mastered  the  subject,  and  :        .  paper  is  one 

of  them,  fall  into  the  error — most  common  with  specialists 
— of  assuming  that  their  colleagues  know  all  about  the 
general  principles  and  their  practical  application  and  that 
It  IS  therefore  only  n  'j  enlarge  on  details.     Most 

of  us  have  vet  to  gel    .  .t>  in  the  general  principles 

I'l  ties.     We  are  still 

u  iLindanicntal  basis 

>  i  '  what   I   iii.iy  call  tue  text-book  state,  by 

u:  ich  a  tiaii>parcnt  exposition  that  it  appears 

self-evident  and  is  represented  with  such  uniformity  in 
••(.•lation  and  graphic  treatment  that  it  may  be  copied  from 


one  text-book  into  another.   As  this  stage  in  the  popuUrin-  d»  K«pp 

tion  of  the  subject  has  not  yet  i  '.  of  us 

must  develop  hi->  own  wav  ttf  re;  .  i  and 

try  to  find  cm  :» 

and  the  wrilK  i  o 

persons  conversant  with  \v  ams  those  given  by 

the  author  are  quite  intelli^..  ..  _..J  if  we  were  dealing 
with  asynchronous  machinery  no  more  would  be  required, 
for  we  have  grown  accustomed  to  read  into  the  vector 
diagram  the  physical  meaning  represented  bv  the  different 
lines  and  angles.     This  physical  -t 

so    obvious    in    the    diagrams    :  r 

machines  ;   1   have  no  doubt  that  iii  tune  cr 

accustomed  to  read   into  such  diagrams  ..  ,  ^t 

physical  meaning,  but  meanwhile  I  have  found  it  useful  (or 
the  understanding  of  treatises  on  commutator  machinery  to 
supplement  the  ordinary  vector,  or  time,  diagram  by  wliat 
is  known  as  a  space  diagram.     The  d.  •  .a 

time  diagram  the  vectors  retain  their  .  r 

(Kisitioii,  whilst    in   the   space   diagram    :  il 

vectors  retain  their  angular  position  but    .  ^n 

and  length.     This  is  of  course  quite  familiar  :  A 

engineers;    but    the    utility   of    the   space   du„ _i    a 

means  of  saving  mental  bbour  depends  upon  a  general 
agreement  on  certain  details  such  as  direction  of  wind- 
ing, sequence  of  phases,  signs  lo  distinguish  vectors,  etc. 
I    therefore   propose  to  put   forward   certain    -  is 

and    then   show   how  bv  the  use   of   space   a;  i- 

grams  the  u  t. 

not   only  in  .  .   ic 

conventions  which  1  suggest  are  as  ioliows,  a  j-pole 
machine  t'emj   assumed  111  each  case  :— 

StHu  :ng  tn  the  inN<yiNj(.— The  stator  and  rotor 

are  supi-^-^..  .  -  i-^  wound  in  such  a  way  that  a  continuous 
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current  passing  in  at  one  terminal  (or  brush)  ami  out  at  the 
other  will  produce  a  flux  across  the  diameter  in  tlie  same 
sense.  In  other  words  the  exit  terminal  becomes  a  N-pole. 
The  flux  produced  is  represented  (see  Fig.  A  heiewilh) 
by  a  line  parallel  to  the  diameter  of  the  winding.  The 
length  of  the  line  sliould  represent  the  crest  value  of  the 
flux.  The  direction  of  the  (lux  is  represented  by  an  open 
arrow-head.  A  little  circle  is  placed  at  the  other  end  of 
the  line  to  show  that  it  is  a  flux  vector.  The  angular 
position  of  each  flux  vector  does  not  vary,  but  where  two 
or  more  fluxes  arc  combined  the  angular  position  of  the 
resultant  flux  vector  changes.  In  other  words  the  resultant 
flux  vector  rotates  also  in  a  space  diagram. 


Time  liiar/ariLS 


Space  diagrams 

■4  It 


F/ux 


E.N.F. 
Fig.  a. 


^■ 


Current 


C        1 


Sense  of  rolaiion. — The  time  vectors  rotate  in  a  counter- 
clockwise direction.  To  make  the  resultant  flux  vector 
also  rotate  in  a  counterclockwise  direction  in  the  space 
diagram  the  marking  of  the  stator  poles  must  be  in  a 
counterclockwise  sequence. 

Direclion  of  ckciromotive  force. — The  direction  of  the 
electromotive  force  induced  in  the  rotor  is  obtained  by 
revolving  the  flux  vector  through  go°.  The  E.M.F.  vector 
is  represented  by  a  line  with  an  open  arrow-head. 

Current  vector. — This  is  represented  by  a  line  with  a 
closed  arrow-head.  Its  direction  is  given  by  the  terminal 
diameter,  and  its  length  and  sign  (whether  to  one  side  or 
the  opposite  side)  is  read  off  the  time  diagram. 

Direction  of  torque. — Consider  the  current  vector  as  a 
lever,  pivoted  at  its  tail  and  weighted  at  its  head  with  the 
field  flux  ;  then  the  direclion  in  which  the  lever  turns  is  the 
direction  in  which  the  torque  is  exerted.  The  application 
of  these  conventional  rules  is  shown  in  the  diagrams 
(Fig.  A).  The  motor  is  supposed  to  be  provided  with  a 
compensating   winding   so   that   no   flux  is   produced  by 


the  armature  eurrenl,  and  tlie  only  lliix  vector  appearing  Dr.  K.ii 
in  tlie  space  diagram  on  tlie  riglil  is  that  due  to  the  stator 
coils  .X,  H,  C,  The  diagram  on  tlie  left  sliows  tlie  phase 
position.  It  is  chosen  for  the  moment  so  that  the  current 
in  A  has  the  positive  crest  value.  The  direction  of  the 
current  in  the  space  diagram  is  shown  by  the  arrows 
placed  to  the  held  coils  A,  B,  C,  and  tlie  resultant  flux  is 
shown  across  the  armature  by  the  vertical  flux  arrow.  The 
brushes  are  placed  at  right  angles  to  the  coil  axes,  and  the 
resultant  current  through  the  armature  is  represented  by 
the  horizontal  vector  passing  across  the  flux  vector  at  right 
angles.  This  produces  torque  as  shown  by  the  curved 
arrow.  The  motion  resulting  from  this  torque  produces 
the  induced  electromotive  force,  tlie  space  vector  of  which 
is  also  drawn  at  right  angle  across  the  flux  vector,  but 
with  the  arrow-head  on  the  left.  Since  an  arrow-head 
on  the  right  of  the  current  vector  means  a  positive 
value  (the  current  having  the  positive  crest  value  at  the 
time)  the  space  vector  of  the  electromotive  force  must 
be  considered  to  be  negative,  and  in  the  time  dia- 
gram the  E.M.F.  vector  must  be  drawn  in  line  with  the 
current  vector,  but  in  the  opposite  direction.  We  thus 
get  for  the  A  phase  the  very  simple  time  diagram 
shown  to  the  left  of  the  space  diagram  (Fig.  A).  It  con- 
sists of  the  current  vector  Ia  and  the  vector  of  induced 
electromotive  force  Ca  exactly  opposite  in  direction  ;  which 
is  the  condition  for  the  working  of  the  machine  as  a  motor. 
To  supplj'  the  motor  with  current  we  must  impress  an 
electromotive  force  which  has  one  component  equal  but 
opposite  to  i"A ;  further,  a  co-phasal  component  to  cover 
losses,  and  finally  a  component  leading  by  90°  to  balance 
the  electromotive  force  due  to  self-induction.  A  motor  with 
the  brushes  exactly  at  right  angles  to  the  respective  field 
axes  cannot  therefore  work  with  unity  power  factor.  Let 
us  now  move  the  brushes  forward  through  an  angle  8,  as 
shown  in  the  lower  half  of  Fig.  A,  and  consider  what 
happens.  The  flux  and  E.M.F.  vectors  remain  in  the 
space  diagram  as  the}'  were,  for  these  quantities  depend 
on  the  position  of  the  stator  coils,  which  have  not  been 
altered.  The  only  factor  that  has  been  altered  is  the 
direction  of  the  current  vector.  It  crosses  the  flux  line 
at  an  angle  which  is  less  bj'  9  than  the  previous  right 
angle.  This  phase  difference  exists  between  the  current 
and  the  induced  electromotive  force,  and  is  shown  in 
the  time  diagram  by  the  two  vectors  being  no  longer 
in  line  but  containing  the  angle  180°  —  d.  The  torque  has 
been  decreased  in  the  ratio  of  i  to  cos  d,  but  a  leading 
component  Ca  sin  9  has  now  been  introduced,  and  this 
can  be  made  to  balance  the  electromotive  force  due  to 
self-induction.  The  latter  depends  on  the  current  and 
is  independent  of  the  speed  ;  the  leading  component 
£a  sin  9  depends  on  the  strength  of  the  flux  (and  there- 
fore on  the  current),  the  brush  position,  and  the  speed. 
It  will  thus  be  seen  that  only  above  a  certain  speed  and 
load  can  the  motor  work  with  unity  power  factor,  and 
that  by  suitable  choice  of  load,  brush  angle,  and  speed, 
the  machine,  whilst  taking  power  from  the  line,  can 
at  the  same  time  inject  a  leading  current  into  the  line 
so  as  to  make  up  for  the  barl  power  factor  of  some  other 
motor  connected  to  the  same  line.  If  the  brush  angle 
be  increased  to  90°  the  torque  vanishes  and  the  machine 
must  be  driven  by  external  power.  It  then  acts  in  tlie 
same     way  as  a  static  condenser. 
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Itocn    i-. .~ i.      I    cannot    quite    understand    why   Ihc 

Milhot  hai  explained  the  t>eneral  (eaturea  o(  the  j-phakc 

Thevc  111.'  not 

n   cjii    tv  l>v 


>  rini;  arnuiure!>, 
the  conunuiator 


LXMninulator   motor   by   I'  . 
even    pnne    that    kprrit 
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II. 

showing  the  Mator  anil  rouu  v 

aiiit  an  explanation  i>(  tlic  pi  .. 

II  I  a.!>  the  author  hat  ^iveii  for  the  Schrafje  motor 

III  v......vviiun  with  Kig.  33.     Willi  reference  lo  the  Latour 

shunt  motor.  1  do  not  a^ev  with  the  author  (hat  Ihc 
diagram  I'i  .i\  h'lg.  7  cannot  fnvc  tlie  actual 

>>"!'tem  of  ■  .1  i»  only  nie;tnt  lo  ^{ivc  an  idea 
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>:  ::  act  a  shunt  motor 

»  ..irgc  controller.    Ihc  combination  consists 

c'l   _  -> ;  r   motor  with  a  single  windint;  on  stator 

and  rotor,  a  transformer  with  a  movable  six'ondary,  and 
a  set  of  choking  coils  with  movable  iron  cores.  The 
regulation  can  be  ctfcctcd  by  raising  or  lowering  these 
iron  cores.  It  is  quite  possible  and  also  likely  that 
excitation  is  actually  ciTccled  by  introducing  exciting 
current  in  the  rotor  as  shown.  The  excitation  can  also 
be  eiiected  of  course  by  means  of  a  separate  exciting 
winding  on  the  stator  of  the  machine,  as  shown  in 
Fig.  19.  I  doubt,  however,  if  on  smaller  machines  this 
would  be  cheaper  than  using  the  rotor  winding  as 
exciliiig  winding,  as  double  windings  ore  always 
troublesome  and  expensive  to  manufacture.  On  large 
mot-rv  it  may  be  necessary  to  have  a  separate  exciting 
winding  on  tlie  stator,  as  the  commutators  and  brush- 
gcai  ol  such  motors  present  in  any  case  a  very  difficult 
problem.  In  this  case,  in  addition  to  relieving  the  com- 
mutator of  the  increase  of  current,  the  whole  of  the 
regulation  can  be  effected  by  altering  the  field  current 
so  that  the  switchgear  used  for  speed  regulation  has 
only  to  carry  the  exciting  current.  This  current  can 
be  kept  within  reasonable  limits  by  choosing  a  higher 
volt;ij;e  for  the  stationary  tield  windings,  as  would  be 
pcnnisMble  if  the  exciting  current  were  introduced  in 
the  rotor.  I  believe,  however,  that  the  Latour  motor 
is  only  made  for  comparatively  small  outputs,  say  up 
lo  50  horbc-power ;  and  for  such  outputs  the  intro- 
duction of  the  exciting  current  in  the  rotor  gives  a 
cheaper  construction  and  is  also  preferable  for  electrical 
reasons.  The  author  has  given  some  diagrams  for  the 
Latuur  motor.  I  believe  that  Figs,  i)  and  10  do  not  agree 
with  the  actual  performance  of  this  motor.  The  author 
himself  says  that  a  motor  made  in  accordance  with 
these  diagrams  would  be  impracticable,  and  it  is  therefore 
fair  to  assume  that  the  diagrams  do  not  represent  the 
actual  working  conditions.  He  has  given  a  possible 
solution  of  this  discrepancy,  but  I  believe  that  a  satisfactory 
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Fig.  B.  Fig.  C. 

Fig.  C,  which  corrects  Fig.  10  The  rr.^ctance  voltage 
T  S  is  greatly  red  "•  . 

At  no   load   the   :  :  :e 

increase  in  speed  increasing  the  cricct  ol  the  excess  turns 
in  the  rotor.  The  resistance  drop  PT  gives  a  measure 
of  the  current  and  it  is  evident  that  the  no-load  current 
is  now  only  a  fraction  of  the  full-load  current  In  con- 
sidering the  author  s  diagrams  I  tind  another  point  which 
is  not  quite  tu  my  liking,  ll  is  customary  to  give  for 
3-phasc  machinery  only  the  di.iiira!'!  I-t  <'!!r  ph.trr  under 
the  assumption  that  the  du.  ..s 

are  like  the  one  given    bu:         .  .  -  •  . 

It  is  of  course  desirable  not  to  introduce  currents  or 
voltages  of  different  phases  in  the  same  diagram,  as  this 
must  necessarily  lead  to  confusion.  In  Figs.  11  lo  34  the 
author  considers  a  phase  UX  I,  but  he  inlrodu^  .'c> 

and  currents  of  the  phases  O/  and  O  V.   w::  i- 

sequence  that  he  gets  an  it  OC   »;.:>..:.   is 

shosvn    in    his    diagram    (  '.-r     iSo*    t^   the 

machine  voltage  OA.     L'nless  it  is   :  e 

exciting   current    and    the    voltage  „  n: 

phases,  wrong  ideas  arise  about  the  phase  relation  of  the 
two.  The  exciting  current  in  the  s.ame  phase  is  of  course 
a  wattless  current  and  is  under  (^  to  the  main  voltage. 
If  we  introduce  the  exciting  current  Bowing  in  the  wind- 
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ing  O  X  for  which  the  diagram  is  made  out,  the  current 
O  C  will  be  displaced  in  tlie  diagram  by  90°  and  will  come 
in  its  proper  pliasc  relation  to  the  main  voltage.  As  tlic 
flux  is  practically  in  phase  with  the  magnetomotive  force 
or  with  the  exciting  current  that  produces  it,  tlie  flux  will 
also  be  turned  round  in  the  diagram  by  90°,  and  the 
electromotive  force  induced  in  the  rotors  by  rotation, 
which  is  shown  in  the  diagram  in  its  correct  position,  will 
be  practically  under  go"  to  the  flux.  The  diagrams  given 
are  time  diagrams,  and  as  the  flux  actually  does  not  vary 
with  the  time,  the  position  of  the  flux  may  be  treated  in 
ditferent  ways,  but  I  believe  that  the  way  which  I  have 
just  mentioned  gives  the  simplest  results  and  is  less 
likely  to  lead  to  confusion  than  the  method  adopted  by  the 
author.  It  is  usual  to  show  it  in  this  way  in  the  ordinary 
induction  motor,  and  there  is  after  all  no  difference 
.between  the  case  where  an  electromotive  force  is  induced 
by  a  field  revolving  relatively  to  the  stator  of  an  induction 
motor  or  by  the  electromotive  force  induced  in  the  rotor 
of  a  commutator  motor  which  revolves  relatively  to  tlie 
field.  The  description  of  the  Schrage  motor  given  by  tlie 
author  is  very  interesting.  The  difficulty  in  this  motor  is, 
however,  that  it  requires  6  brush  spindles  per  pole.  I 
suppose  that  the  rotor  must  have  a  lap  winding,  so  that  no 
brush  spindles  can  be  omitted.  A  6-pole  motor  would 
therefore  require  18  brush  spindles.  This  must  make  the 
brush-gear  very  difficult  to  construct,  all  the  more  so  as  the 
spindles  have  to  be  moved  relatively  to  one  another.  In 
conclusion,  I  should  like  to  state  that  the  first  patent  ever 
taken  out  for  3-phase  commutator  motors  was  taken  out  in 
this  country  in  1888  by  Wilson  (No.  18,525),  so  that  the 
3-phase  commutator  motor  is  an  English  invention. 

Dr.  T.  F.  Wall  :  Although  polyphase  commutator 
machines  are  by  no  means  a  new  invention,  English  litera- 
ture dealing  with  this  type  of  machine  is  exceptionally 
meagre.  This  paper  is  therefore  of  special  interest  and 
contains  a  valuable  fund  of  suggestive  information.  The 
subject  is  a  very  wide  one  and  I  propose  to  confine  my 
remarks  to  the  Eichberg  shunt  machine  and  the  series 
machine.  In  passing,  however,  it  might  be  well  to  point 
out  that  the  vector  diagram  of  Fig.  10  shows  the  machine 
acting  with  a  shght  generator  effect  and  not  as  a  motor 
running  at  no  load  as  stated  in  the  text.  For  a  purely 
unloaded  motor,  the  current  vector  I  should  be  at  right 
angles  to  the  electromotive  force  due  to  rotation,  that  is  to 
the  vector  SQ.  As  regards  the  Eichberg  shunt  motor 
shown  in  Fig.  13,  there  is  an  interesting  point  which 
comes  into  question  with  reference  to  the  direction  in 
which  the  motor  will  run.  Fig.  D  is  similar  to  the 
author's  Fig.  13,  with  the  exception  that  the  auto-trans- 
former windings  are  continued  beyond  the  star  point. 
In  Fig.  E  the  vector  diagram  is  shown  for  the  current  I 
in  the  compensation  and  armature  windings  and  the 
applied  pressure  E  per  phase  when  the  motor  is  standing 
still.  The  number  of  turns  in  both  compensation  and 
armature  windings  being  the  same,  the  back  electromotive 
force  Cr  of  the  rotor  will  be  equal  to  the  back  electro- 
motive force  e,  of  the  stator.  The  conditions  are  those 
of  a  short-circuited  transformer.  Now  suppose  that 
the  pressure,  above  the  star  point,  of  the  tapping  A  of 
the  auto-transformer  is  the  same  as  the  pressure  at  the 
corresponding  brush  of  the  motor.  If  the  brushes  are 
connected   to   the   points  A  no   current  will  be   supplied 


by  the  transformer  to  the  motor  and  consequently  Dr.  Wai 
there  will  be  no  torque.  Hence  the  vector  diagram  of 
Fig.  E  will  remain  unaltered.  Next  suppose  that  the 
brushes  are  connected  to  the  tappings  B  which  are  at 
a  higher  potential  than  the  tappings  A.  In  this  case  a 
niagneliziiig  current  will  be  supplied  by  the  auto- 
transformer  to  the  rotor  such  that  the  corresponding 
rotating  field  is  suflicicnt  to  induce  a  back  electromotive 
force  (v',  which  added  to  the  internal  drop  <v  will  be  just 
equal  and  opposite  to  the  applied  pressure.  An  electro- 
motive force  cj  equal  and  opposite  to  cj  will  he  induced 


Fig.  D. 

in  the  stator  and  the  vector  diagram  will  be  as  shown  in 
Fig.  F,  the  magnetizing  current  being  indicated  by  i„. 
The  motor  will  begin  to  run,  and  the  direction  of  rotation 
obviously  must  be  such  that  the  total  back  electromotive 
force  is  increased.  This  will  happen  if  the  electro- 
motive force  Cr  is  increased,  that  is  to  say,  the  rotor  will 
revolve  in  the  direction  opposite  to  that  of  the  rotating 
field.  Considerations  of  commutation  would  make  this 
direction  of  rotation  generally  inadmissible  in  practice. 
Now  suppose  that  the  electromotive  force  applied  to  the 
rotor  by  the  auto-transformer  is  less  in  magnitude  than  the 
value  of  Cr ;  for  example,  suppose  the  armature  is  short- 
circuited  by  connecting  the  brushes  to  the  star  point  of 
the  auto-transformer.  The  pressure  at  the  brushes  will 
disappear  and  a  magnetizing  current  will  flow  in  the 
stator  winding  such  that  the  corresponding  rotating  field 
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will  induce  an  electromotive  force  e/  in  the  rotor  to  supply 
the  internal  pressure-drop  e,..  The  vector  diagram  will 
be  similar  to  that  shown  in  Fig.  G,  which  refers  to  the 
starting  conditions  for  the  case  in  which  the  brushes  are 
connected  to  tappings  A',  intermediate  between  A  and 
the  star  point.  In  Fig.  G  the  vector  e,'  represents  the 
electromotive  force  induced  in  the  stator  by  the  rotating 
field,  and  is  equal  in  magnitude  and  opposite  in  sign  to 
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—  ^  I  — •  where  n,  a  the  liniitiii);  stable  speed  ol 

thi  -IS  the  d  Is  the  angle 

by    1  c   brusti      ^  ,  iroiu   the   short- 

Ctrcuil  position,  and  u  is  the  traiisfonnalion  ratio  of  the 
rotor  aud  sUtor  windings,  that  is  to  say  u  ^  rotor  ampere- 
turns  divided  by  stalor  ampere-turns.  If  u  is  variable 
It  is  dear  that  the  limiiiiig  speetl  at  which  the  motor  is 
stable  can  h«  made  to  take  any  value  desired.  For 
ei.i  that   u  be   \-aried   so  that   it   be   jIw.ivn 

e^i.  11  II  (ollows  that  the  motor  will  l>c  stable 

lof  'US  oJ  the  brushes,  and  for  all  speeds  down 

to  >;  _      The  variation  of  k  may  be  obtained  by  varia- 

tion of  the  ratio  of  the  transformer  which  couples  the 
rotor  to  the  siator  circuit.  There  is,  however,  another  way 
which  is  much  more  convenient.  This  method  is  due  to 
Mr.  M.  Schenkel,  and  consists  in  doubling  the  number 
of  brusli  sets.     In  Fig.  H   the  double  brushes  arc  shown 


supplying  one  phase  of  the  rotor,  and  the  brushes  arc 
shown  diametrically  opposite  and  in  the  short-circuii 
position.  Let  u,  be  the  transformation  ratio  under  these 
conditions.  If  the  brush  a  is  kept  lixed  and  the  brush  b 
be  moved  f<->  the  position  shown  at  6  ,  the  angle  a  is  the 
lent  of  the  brush  axis,  and  the  trans- 
is  now  become  K^cosa.  The  stability 
limit  ot  speed  is  therefore  given  by 

»,  cos  a  cos  (I  1 

••.  U  K.  COSU  U, 
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motor   the   voltage   impressed  on  the  rotor  is 
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the  Schrage  motor  the  voltage  is  va' 

brushes  on  the  commutator.    1  tti: 
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independently,  so  tlial  in  this  wj 

axis  of  the  stator  and  the  rotor  \s 

different  with  different  motor  speeds.    ! 

the  columns  headed  "watts  "*  should  rcji..  .-^     ».,t.«an7 
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missed  the  point  that  the  author  wished  to  bring  for«-ard. 
Turning  to  the  theory  of  the  series  commutator  motor  at 
the  end  of  the  paper  :  on  pajje  4>s  the  author  savs,  "  To 
.ivukl  :iii  <  ■ 
VcCK'U.il    ■ 

Stator  and  rotor  in 

I  do  not  quite  see  vk 

voltages  induced  are  merely  the  reactance  voltages,  and 

these  are  always  at  right  angles  to  the  current.    Since  all 

the  coils  are  in  series,  there  is  only  one  current,  and  ihere- 
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an  effort  to  run  small  single-phase  commutator  motors 
on  the  City  of  London  Company's  8';-cycle  circuit,  which, 
as  might  be  expected  in  the  light  of  our  present  Unowlcdge, 
necessitated  daily  attention  to  commutators  and  brushes. 
While  many  of  these  defects  have  been  largely  overcome 
in  iccent  years  in  connection  with  single-phase  motors, 
I  bilieve  that  I  am  correct  in  saying  that  few,  if  any,  of 
them  apply  to  3-pliase  motors,  and  I  sliould  be  glad  if  the 
author  in  his  reply  would  make  a  definite  statement  in  tliis 
connection.  There  is,  in  my  opinion,  no  more  difficulty 
in  obtaining  good  commutation  from  the  3-phasc  com- 
mutator motor  than  from  an  ordinary  continuous-current 
motor.  If  this  were  fully  realized,  I  think  that  the  3-phasc 
commutator  motor  would  be  more  widely  adopted  where 
efficient  speed  regulation  is  required,  than  is  the  case 
at  present.  I  should  particularly  like  to  emphasize  the 
importance  of  the  application  of  the  shunt  commutator 
motor,  referred  to  on  page  449,  in  combination  with  a  large 
slip-ring  induction  motor,  for  obtaining  efficient  speed 
regulation  over  a  considerable  range,  together  with  an 
improvement  in  power  factor.  The  very  interesting 
practical  application  of  the  series  commutator  motor, 
referred  to  on  page  451,  is  also  noteworthy  when  used  in 
conjunction  with  a  large  induction  motor  as  a  slip  regu- 
lator, for  producing  slip  as  a  function  of  tlie  increase  in 
load  on  a  motor  llywhcel  combination,  so  as  to  enable  the 
flywheel  to  take  the  peak  of  the  load  and  give  up  energy 
by  reducing  the  speed  of  the  induction  motor.  This  slip 
regulator  can  also  be  used  at  the  same  time  to  obtain  a 
measure  of  power-factor  correction.  The  important  factor 
in  the  use  of  such  a  slip  regulator  is  that  the  reduction  in 
speed  is  obtained  without  loss  of  energy,  whereas  hereto- 
fore it  has  been  necessary  to  use  a  slip  regulator  of  the 
rheostatic  type  in  which  energy  was  dissipated  either  in  a 
liquid  or  metal  resistance.  In  some  cases,  owing  to  the 
difficulty  of  obtaining  sufficiently  rapid  action  of  the 
ordinary  motor-driven  type  of  automatic  slip  regulator 
with  liquid  resistance,  it  had  been  necessary  to  include 
in  the  rotor  circuit  of  the  induction  motor  a  permanent 
resistance,  absorbing  as  much  as  10  per  cent  of  the  total 
energy  supplied  to  the  motor  continuous!)-.  This  is  a  new 
application,  the  importance  of  which  is  not  yet  fully 
realized,  but  it  will  have  an  important  bearing  in  the  future 
on  rolling-mill  and  winding-gear  equipments  in  which  a 
flywheel  motor-generator  combination  is  used. 

Mr.  A.  RusHTON  {communicated)  :  The  author,  in  the 
Appendi.x  dealing  with  the  series  commutator  motor,  shows 
that  in  order  to  improve  the  power  factor  the  angle  9  (by 
which  the  rotational  voltage  differed  in  phase  from  the 
current)  should  be  made  negative.  If,  however,  the  power 
factor  be  increased  by  this  means,  the  speed  at  which  the 
motor  becomes  unstable  is  also  increased.  That  this 
is  so  can  be  seen  from  a  consideration  of  Fig.  38,  which 
is  the  diagram  for  a  stable  motor,  and  Figs.  39  and  40 
which  represent  the  case  of  a  motor  unstable  at  low 
speeds.   ■ 

Torque  =  constant  x  P  sin  o. 

The  line  SV  in  the  diagram  is  the  component  of  the 
impressed  voltage  overcoming  the  impedance  pressure- 
drop,  and  therefore  the  current  I  is  directly  proportional 
to  this  voltage.    Thus 

Torque  =  constant  x  (S  V;'  sin  a. 


At  standstill  SV  =0  V  =  E,  the  impressed  voltage,  and 
from  Fig.  38  it  will  be  seen  that,  as  the  speed  increases, 
S  V  continually  decreases,  and  therefore  the  motor  has  its 
maxinnnn  torque  at  the  start.  In  Fig.  39,  however,  SV 
has  its  maximum  value  when  equal  to  the  diameter  of  the 
circle,  which  is  greater  than  the  chord  O  V,  and  therefore 
the  torque  will  at  first  increase  as  the  motor  runs  up  to  a 
certain  speed,  and  afterwards  the  toniue  will  decrease  as 
the  speed  increases,  the  motor  becoming  stable.  Thus, 
increase  in  power  factor  is  only  obtained  at  a  certain 
sacrifice  in  stability,  which,  however,  in  many  cases  may 
be  unimportant.  On  page  445  the  author  states  that  it  is 
necessary,  for  reasons  of  commutation,  to  ensure  that  the 
armature  rotates  in  the  direction  of  the  rotating  field. 
There  is  also  another  reason  why  this  may  be  advisable. 
When  the  armature  rotates  with  the  field  the  torque  pro- 
duced by  the  currents  in  the  coils  undergoing  commuta- 
tion is  in  the  same  direction  as  the  main  torque  ;  while 
when  the  armature  rotates  against  the  field,  the  torque  due 
to  the  short-circuit  currents  opposes  the  main  torque. 
Thus,  in  small  machines  quite  different  results  may  be 
obtained  depending  upon  whether  the  angle  a  is  on  one 
side  or  the  other  of  the  short-circuit  position.  I  should 
like  to  know  whether  this  effect  is  at  all  appreciable  in  the 
larger  machines.  As  the  author  mentions  the  use  of  series 
commutator  motors  in  connection  with  ventilating  fans, 
blowers,  and  pumps,  perhaps  he  can  say  how  they  com- 
pare in  efficiency  and  cost  with  the  motors  generally 
emplo)'ed  for  this  class  of  work. 

Mr.  J.  K.  Cattersox-Smith  icommunicaled) :  This  paper 
is  one  of  considerable  value,  and  is  most  welcome  at  the 
present  time  both  on  account  of  its  intrinsic  interest  and 
because  it  indicates  that  British  manufacturers  are  con- 
structing for  special  purposes  polyphase  commutator 
motors,  a  type  of  machine  developed  almost  exclusively 
abroad.  In  spite  of  its  many  valuable  characteristics  the 
polyphase  commutator  motor  has  been  left  severely  alone 
in  the  British  Isles,  and  I  doubt  if  a  single  manufacturing 
firm  in  the  country  lists  these  motors.  This  is,  I  believe, 
the  first  important  paper  on  the  subject  presented  to  the 
Institution,  and  it  seems  to  me  a  matter  for  regret  that  its 
reading  has  been  confined  to  one  Local  Section  ;  in  my 
opinion  it  would  have  been  appreciated  at  other  centres.  I 
suppose  the  principal  causes  of  the  neglect  of  this  type  are: 
(i)  Comparative  complexity  and  costliness  of  these  motors 
— a  10  h.p.  1,000  r.p.m.  shunt  motor  with  ±  50  per  cent  speed 
regulation  costs  £';o  or  ;^8o  ;  (2)  difficulties  in  securing 
perfect  commutation  ;  (3)  lack  of  experience  with  these 
motors,  the  type  being  almost  non-existent  in  Engineering 
Colleges  and  almost  exclusively  manufactured  and  tested 
abroad.  The  greatest  obstacle  to  successful  performance 
is  commutation,  which  becomes  increasingly  severe  as  the 
size  goes  up  ;  although  this  is  mentioned  on  page  442  in  con- 
nection with  the  Latour  motor  outputs,  and  on  page  443  for 
the  Eichberg  motor,  unfortunately  the  author  docs  not  give 
any  information  as  to  what  can  be  done  to  provide  a  com- 
mutation or  reversing  flux  to  prevent  the  brush  short- 
circuit  currents.  It  must  be  remembered  that  under  all 
conditions  of  working  there  are  coils  periodically  short- 
circuited  by  a  brush,  and  although  use  may  be  made  of 
hard  brushes,  single-turn  coils,  and  resistance  commutator 
risers,  it  is  only  in  small  sizes  that  operation  is  beyond 
criticism.     The  variation  of  current  in  any  one  coil  of  a 


Mr. 
Kushlon. 


Mr. 

Catteraon- 

Smith. 


i 


AND   THKIR   APIM.ICATKIN  :    D\ 


401 


ha 


wilh,  which  u  <lni«-a  (or  «  motor  ot   the  Schr«|{e  lyt>c       a  duc^iiua  mkU  m>  aiM>l> 


lkm!/>M»l  t 


Kiii.  K.— Cuirmt  in  One  Cuil  o(  *  CoininuUlur  Windint! 


detcribed  un  page  451,  but  coiiMilcrcd  at  having  a  n>e»h. 
cooiicclcd   kcooiiilary   and   three  brukh  arms  in  place  of 


Kic.  L.— Showini;  Bru$h  Oitplaccmeiit  and  Rocker  An^lo. 

separate    secondaries  and   six   brush   arms   as   shown   in 
Figs.   31  or  33.     Fig.  K   relates   to  the  case  of  a  motor 
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which  happens  to  be  running  at  a  speed  such  that  one 
revolution  talces  place  in  three-quarters  of  a  secondary 
current    cycle,   and    of    course    perfect    commutation    is 


clectroniolive  force  will  prove  troublesome  is  due  to  the 
fact  that  every  centimetre  of  core  length  means  jil>uut 
o'lo  volt,  i.r.  o'jo  volt  betwi.- 

corc   entails  4  volts  in  the  ^ 

■•oiiie    more    1  iii.»U«:j     »ijulii    U:    iciy 

\alujble  if  tlu  '.   i( 

Another  point  ilui  i~ 
speed,  and  I  note  that  f 
no-load  speed  of  this  type  <A  shunt  motor  is  given  by 


r.p.m. 


l^o^^    ^  K.    /     >  T 

=  I  '  ±  ,.  •  X  •  -  -sin"  I 


where  K.  =  commutator  winding  diametric  E.U.F.  coeffi- 
cient, usually  o'036  x  lii, 
K,  =  K.M.F.  coefficient  of   the  3-phase  secondary. 

about  097  X  JJI, 
Z.  ^  total  coiiiiuv ' 
l.,  =  secondary  i 
f  ^  number  of  poic», 
c  =  number  of  circuits, 
/,  ^  line  frequency.     . 
.iiid  u  =  brush  displacement  angle  ;  half  that  belw«en 
the  brushes  as  shown  in  Fig.  L. 

The   relation  between  the   no-load   speed  and  the  brush 

position  is  shown  in  Fig.  M,  in  which  the  loktd  working 
ran(;c.  approximately  of  ±  io  per  cent,  is  nearly  a  stiaight 
line.     This   permits  the  ilion  of  the  abo\x  exact 

formula  for  speed,  by  n...  of 

.  _  (  number  of  active  conductors  in  commutator  w  : 
''       '(      ing  between  brushes  ^displaced  by  a),  then. 


r.p.m.i 


w.(-z.±..-| 


The  >(v  'ad   ni.iy    i-c   < 

diagram  «!.  and  will,  a- 

htllc    lit.': 

i.>iij;c.      1 

il   Uic  shunt  L 

Ltcausc  at  the  :    ^ 

motor  tends  towards  series  >. 

Fig   N,  in  which  a  •'  nest  "of  i^ .  v,- 
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terton> 

Hh. 


are  shown  ;  in  this  case  the  brush  ilisphiccnicnt  a  is  varied 
whilst  thf  brush  rockur  angle  fi  is  kept  constant.  At  the 
foot  of  page  454  the  author  says  that  the  construction  of  the 
circle  diagram  is  difTicult ;  that  this  statement  is  hardly 
correct  is  indicated,  I  think,  by  the  following  construction 


7o/fa/£  -Slip  Cofivs-s 

oc  yariea/ 
fi  consCdjit 


IOO% 


■iSup  o    -SUP    -50% 

(Synchronism) 
Fig.  N. — Torque  and  Slip  Curves. 


for  the  approximate  locus  of  the  current  vectors,  shown  in 
Figs.  O  and  P:  (1)  Set  off,  in  Fig.  O,  the  length  OA  =  (line 
volts) -^ (total  reactance);  this  is  commonh'  called  the 
ideal  short-circuit  current,  but  is,  I  consider,  better  termed 


Current  locus 


StdndsCil/ 


',/nFmr£  SUP 
i-A. 


Circ/e  didgram.  for 
Ayper-syncJiro/ious  210-Josd  speed. 


Circle  Diagram  for  Shunt  Motor  at  High  Speed 


the  secondary  current  at  infinite  slip.  (2)  Set  off  O  B  at  \i 
(see  Fig.  L)  to  the  slip-E.M.F.  vector  line,  and  along  O  B 
mark  the  secondary  current  when  the  motor  is  revolving 
sj'nchronously,  that  is,  I,;-„=EJR,  where  E^  is  the  com- 
mutator voltage  between  brushes  (continuous-current  volts 


at  this  particular  speed).  (3)  Join  !„„  and  A  and  bisect  to  Mr. 
find  the  centre  of  the  circle  ;  this  gives  no-load  current,  smith™" 
etc.,  with  the  same  order  of  accuracy  as  the  standard  circle 
for  a  simple  induction  motor.  In  Figs.  O  and  P  the  circle 
is  shown  full  line  for  the  "motoring"  portion,  the  remainder 
being  dotted  ;  only  the  secondary  current  vectors  are  shown. 
It  ap'jiears  to  me  that  in  many  instances,  where  it  is 
iniport;int   to   work    at    high    power   factors,  this   type  of 


fJO-UMD 


Circle  diagram  far 
suii-^jic/troJious  no-load  sjieed. 


Fig.  p. — Circle  Diagram  for  Shunt  Motor  at  Low  Speed. 

motor  is  a  much  simpler  proposition  than  the  installation 
of  induction  motors  with  phase  advancers,  especially  in  the 
smaller  size  of  machines.  It  is,  I  think,  not  widely  realized 
that  unless  the  open-circuit  rotor  volts  are  made  objection- 
ably high,  tlie  phase  advancer  will  have  to  deal  with 
enormous  currents  because  on  load  the  rotor  volts  drop  to 
only  2  per  cent  or  so  of  their  open-circuit  value,  and  thus 
to  have  the  commutator  at  some  distance  from  the  main 
motor  appears  to  me  to  be  bad  practice. 

Mr.  N.  SHUTTLEWORTH  (in  reply)  :  Dr.  Kapp  has  noticed  Mr.  Shuttle- 
the  many  notations  adopted  by  authors  on  this  subject.  w°''"'- 
It  is  almost  impossible  for  this  reason,  when  the  time  at 
one's  disposal  is  limited,  to  digest  the  existing  literature, 
and  the  references  made  by  some  speakers  to  the  vector 
diagrams  in  the  paper  cannot  receive  a  more  adequate 
reply  than  is  given  by  Dr.  Kapp.  His  suggestions  for  a 
standard  notation  are  both  simple  and  clear,  and  if 
generally  adopted  will  prove  of  great  value. 

Dr.  Kahn's  remarks  on  the  Latour  motor  are  not  at 
variance  with  the  opinions  expressed  in  the  paper.  It  is 
stated  that  one  essential  for  successful  operation  and  good 
characteristics  is  that  the  angle  9  should  vary  in  direct 
proportion  with  the  load  current.  This  is  simply  another 
way  of  saying  that  the  leakage  reactance  pressure-drop 
must  be  completely  neutralized  at  all  loads  and  speeds, 
and  with  this  object  in  view  the  arrangement  of  Fig.  12  is 
suggested.  Figs.  B  and  C  in  Dr.  Kahn's  remarks  show 
that  by  reducing  the  leakage  reactance  pressure-drop  the 
characteristics  are  much  improved,  but  the  method  he 
suggests  of  neutralizing  this  pressure-drop,  although 
probably  employed  in  practice  on  small  machines,  is  not 
perfect.  By  under-compensation  the  effects  produced  are 
proportional  to  the  speed  of  the  motor  ;  thus,  while  at  one 
speed   the   reactance   pressure-drop   may  be   neutralized, 
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Fig.  Q. 


^K 


Fig.  R. 


Dr.  Wall  Ivas  been  led  to  erroneous  conclusions  by 
considering  the  starting  conditions  of  a  shunt  commutator 
motor  as  shown  in  Fig.  D,  by  connecting  brushes  on  the 
motor  to  tappings  on  the  exciting  transformer,  which  should 
only  Ix-  used  for  over-synchronous  running.  If  the  motor 
I'  .1  running  condition  is  obtained 

«  ige  is  comparable  with   the  im- 

J  iJgc,  and  the  reactance  pressure-drops  e,  and  e, 

o:  ;  ^;.  F  and  G  are  negligibly  small.  The  method  of 
operation  may  best  be  seen  by  considering  the  brush 
connected  to  a  point  C  on  the  exciting  transformer  on  the 
opposite  side  of  the  star  point.  The  voltage  impressed  on 
the  stator  winding  is  then  greater  than  the  star  voltage 
of  the  supply  system,  and  the  field  produced  in  the  motor 
must  induce  in  the  stutor  and  rotor  windings  counter 
voltages  which  are  equal  and  opposite,  but  of  greater 
magnitude  than  the  star  voltage  of  the  system.  These  are 
represented  as  e,',  (,',  in  Fig.  i^.  Instantaneously,  there  is 
no  alteration  to  the  counter  voltage  of  the  machine.  The 
torque  produced  by  the  newly-formed  field  causes  accelera- 
tion of  the  armature,  and  the  direction  of  rotation  will  be 
such  as  to  reduce  the  magnitude  of  the  short-circuit 
current  I  which  is  flowing,  and  the  armature  will  continue 
to  accelerate  until  this  current  has  practically  vanished. 
If  the  current  decreases,  the  reactance  pressure-drops  e, 
and  e,  tnust  decrease  also,  and  finally  become  negligibly 
small,  but  as  the  full  counter  voltage  of  the  machine  must 
be  provided  at  all  times,  a  reduction  in  the  values  of  c,  and 
e,  must  be  accompanied  by  a  reduction  in  the  value  of  r, , 
namely,  rotation  must  reduce  the  voltage  induced  in  the 
armature   phase,  which  indicates   that   the  motor  rotates 
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paper  was  read,  and  the  di  '*<o 

sets  of  brush-gear  were  sh^ .--  ^ _.,  in 

that  a  slightly  larger  and  a  more  expensive  motor  is  required, 
and  a  transformer  with  a  capacity  equal  t  :t  of  ibe 

motor  iMrcomcs  necessary.     There  is  nu  >:  to  be 

cLtiinetl  over  the  ordinary  type  of  nioloi  !„j  i.^;.  drive  as 
the  latter  motor  is  then  quite  ^tablc  at  low  s|>ccds. 

Reference  is  made  by  Mr.  JaUcmaii  to  tlic  coiiimuiatioa 
of  the  series  type  of  motor  during  starting.  C.-mplele 
satisfaction  in  this  respect  will  be  obtained  if  the  capacily 
of  the  motor  does  not  exceed  the  limit  of  output  given  ;  it 
is  naturally  one  of  the  limitations  taken  into  account  by 
the   designer.     A   Schragc    nini  '.    to   be 

identical  in  principle  with  the  >  lutalor 

motor  ;  these  motors  have  in  tact  ^re 

most  marked  both  in  operation  and       .  -4 

and  5  of  Table  2  are  in  kilowatts  and  represent  the  output 
of  the  commutator  machine,  which  reverses  its  fuoctioa 
when  the  induction  motor  with  which  it  is  connected  runs 


light  ;  it  dehvers  current  to  the  ■ 

motor  for  excitation  purposes. 

is  therefore   the   loss   in   i 

current,  which  is  given  by  i 

as  generator,  lo  the  induction  motor. 

which  this  speaker  refers  on  page  43^ 


of  the  inductioo 
cnce  of  500  \k'atts 
due  to  exciting 
:  niachme  scling 
The  ;  to 

is  not  as 


was  intended,  it  should  be  added  that  in  changing  from  a 
delta-connected  armature  to  a  star-connected  armature,  by 
reducing  the  turns  in  the  ratio  of  v'j!  ^o  1,  the  resulting 
armature  would  not  liave  the  sa:  -  as  the 

stator  because  the  distribution  that  of 

the  stator  winding.     '1  'n 

l>e  replaced  by  a  revel  ■  iie 

number  of  turns.  The  solution  of  the  statement  made  on 
page  455  is  not  quite  so  simple  as  Mr.  Jakenun  seems  to 
think.  The  circuits  in  the  phase  considered  ore  not  only 
linked  by  the  flux  due  to  the  current  ;  - '.ase.  but  by 

fluxes  due  to  other  phases,  and  the  r<.  :c-ct  is  not  al 

all 

1  .il  question  of  c»>Tnm!!l.»lion  in  polyphase  com- 

mutator   machines    1-  \    Mr.    I.  :ti 

stationary  bruslies  it  Is  J  ..lythcsa:.  >-> 

to   the   collection   ot   alternating    current    as  .is 

current,    because    there    is    no    fundamentai    ....; e 

between  the  two.  There  is  one  other  defect  present  in 
alli  1    machine        '  •  ■  -    M 

iiiil  ,-.    in  the    .  u 

which   ale    s«iw<t-ctfciuled   b>    a   Uiuii:.     li;    u;ii;;c-piiasc 
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salile-  motors  this  voltage  cannot  be  neulialized  except  by  the  use 
of  external  apparatus.  This  fact,  more  tlian  anything  else, 
has  led  to  the  general  belief  tliat  the  successful  com- 
mutation of  alternating  current  is  very  dillicult.  For- 
tunately, in  polyphase  machines  the  conditions  for  the 
neutralization  of  the  voltage  mentioned  are  ijiherent,  and 
when  the  main  principles  are  correctly  applied,  the 
dilliculties  do  not  exceed  those  of  coiUiniiouscurreiit 
machines.  We  have  h.id  an  alternating-current  com- 
mutator machine  giving  good  commutation  wlien  gene- 
rating no  less  than  25  volts  between  segments,  and 
collecting  current  which  gave  a  calculated  reactance 
voltage  of  commutation  50  per  cent  higher  than  is  used  on 
the  best  rotary  converters  or  continuous-current  gene. 
rators  on  the  market  under  full-load  conditions. 

Mr.  Rushton  is  quite  correct  in  stating  that  good  power 
factor  is  antagonistic  to  the  maintenance  of  stable  running 
at  low  speed  in  the  series  commutator  motor.  In  a  com- 
mercial motor  a  good  power  factor  is  desired,  hence  there 
is  necessarily  a  minimum  speed  at  which  such  a  motor 
may  be  expected  to  maintain  full  torque,  and  this,  as 
shown  in  the  paper,  is  generally  in  the  neighbourhood  of 


one-third  maximum  speed.  The  short-circuit  currents  Mr.  simtlic- 
under  the  brushes  in  motors  of  appreciable  size  are  usually  ^"■^"'• 
so  low  that  the  addition  to  the  normal  torque  of  the  motor 
may  be  neglected.  The  elViciency  of  a  series  motor, 
neglecting  the  commutator,  is  comparable  with  that  of  an 
induction  motor,  and  the  losses  on  the  commutator  reduce 
the  overall  el'liciency  by  about  2  per  cent. 

The  formula  given  by  Mr.  Calterson-Smith  for  the  no-load 
speed  of  the  Schragc  motor  appears  to  be  in  error,  and  I 
would  suggest  instead  : — 


r.p.m.no-io^<i  — 


120  /, 


['*k/ 


Zc 

Z. 


sm 

7 


"■a 


where   k  is  in  the  percentage  of  total   llux   entering  the 
secondary. 

Having  always  determined  the  cliaracterislics  of  this 
motor  by  analytical  metiiods,  I  h.id  not  imagined  that  the 
solution  by  the  circle  diagram  could  be  made  so  simple 
as  that  given.  No  doubt  great  pains  have  been  taken  to 
establish  its  general  accuracy,  and  as  such  it  is  welcomed 
as  a  distinct  acquisition  to  the  paper. 
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By  W.  H.  Everett,  Member. 

{Address  delivered  28  January,  1915.) 
(In  the  absence  of  the  author,  owing  to  indisposition,  the  address  was  read  on  his  behalf  by  Mr.  A.  K.  Taylor,  Vicc-Chairman.) 


Much  has  been  said  recently  as  to  the  possibility  of 
taking  advantage  of  the  war  in  order  to  develop  existing 
industries  in  India  or  to  start  fresh  industries,  and  this 
leads  me  to  touch  on  the  state  of  the  electrical  industry  in 
this  country.  As  is  well  known,  electiical  engineering  is 
based  largely  on  the  scientific  discoveries  of  an  English- 
man, Faraday  ;  and  England  took  a  leading  part  in  the 
series  of  inventions  and  the  other  extensive  pioneer  work 
involved  in  placing  the  new  industry  on  a  commercial 
basis  and  transferring  operations  from  the  instrument 
maker  to  the  engineer.  The  fact  that  our  lead  was  not 
fully  maintained  subsequently  and  that  one  or  two  com- 
petitors outstripped  us  in  some  directions  as  the  develop- 
ment of  the  industry  proceeded  has  been  attributed  to 
various  causes,  such  as  the  absence  of  protective  duties, 
lack  of  enterprising  financial  support,  restrictive  legislation, 
and  deficiencies  in  technical  education.  Passing  by  such 
controversial  questions,  it  will  be  sufficient  to  mention  that 
German  electrical  exports  in  1913-14  totalled  ;£i4,5oo,ooo. 
Much  of  this  trade  might  be  captured  by  England  ;  but  it 
may  be  admitted  at  once  that  India  has  no  chance  of 
taking  part  in  the  capture. 

The  electrical  manufacturing  industry  may  almost  be 
said  to  be  non-existent  in  India.  The  nearest  approach 
to  it  is  to  be  found  in  such  establishments  as  repair  work- 


shops attached  to  tramways  and  other  power  stations  ;  but 
such  workshops  exist,  of  course,  merely  for  the  special 
purposes  of  these  particular  concerns  and  not  for  the 
supply  of  goods  for  the  market.  The  experience  and 
practical  training  afforded  in  these  shops  provide,  how- 
ever, valuable  stepping-stones  towards  the  initiation  of  an 
electrical  manufacturing  industry  in  case  the  conditions 
and  commercial  prospects  should  justify  this  in  tlie  future. 
It  is  well  known  that  nearly  all  the  steam-engines  in  use  in 
India  are  imported,  though  a  few  of  simple  type  are  made 
by  local  firms.  For  similar  reasons  it  is  unlikely  that 
electrical  manufacture  on  any  large  scale  will  be  started 
here  in  the  near  future,  though  repairs  will  in  many  cases 
have  to  be  done  locally,  as  at  present.  Bearing  in  mind, 
among  other  considerations,  that  highly  qualified  de- 
signers and  other  skilled  assistants,  who  would  have  to  be 
recruited  from  other  countries,  would  be  expensive,  and 
that  labour  is  cheap,  it  would  appear  that  the  most 
promising  field  for  electrical  manufacture  would  be  work 
of  a  simple  repetitionary  character.  It  is  hardly  necessary 
to  mention  that  certain  forms  of  electrical  instruments  for 
telegraph  work  are  made  here  in  considerable  numbers; 
and  as  to  the  feasibility  of  training  native  labour  in  the 
skilful  execution  of  repetitionary  mechanical  operations  of 
an  elaborate  and  complicated  nature,  I  may  refer  to  the 
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I  lie  direct  etteol  of  t 


hill 


t.r. 
I    III  . 


U  de>irat>le.  :iii>l  tliat  lor  nunulaclurc  involviiif;  compli- 
cated procoM.--.  delicacy,  and  precision,  the  co-operation 
of  trained  hand>  will  be  imperative  :  t>ut  for  reaching  the 
public  he  I  "        -■      ■    '        •    ■  -lts  indis- 

jyrnviblc.  il. 

In  I  uon 

of  (hi  .lors 

i.  .  iiij;  very 

).  1  ^  .:e    l>ciiig 

I  one   connected    with   the   American  General 

l..^vw.^  ^r>nipany  and  the  other  a>  part  of  a  dockyard. 
Another  factory,  which  adjoins  a  copper  mine  under  the 
same  ownership.  ha>  more  recently  started  and  appears 
to   have   escelleiil    prospects.     In   addition   many  smaller 

I  existence. 

L  nt  lamps  are  made,  though  some  difficulty 
IS  experienced  in  the  case  of  lamps  for  higher  pressures 
than  J20  volts.  Tungsten  lamps  are  made  in  many  places. 
b»th  drawn  and  squirted  wires  being  imported.  Large 
factories  in  Kawaschi  and  Osaka  are  turning  out  tens  of 
thousands  of   lamps   daily,  yet  not  enough   to  meet    the 

II  in*ulator<  of  good  quality  are  made  in  lar^jc 
I,  m  of  imported  goods.     Of   solid 

II  r  than  porcelain,  ebonite  is  the 
only  one  that  can  tte  made  of  good  quality.  Superior 
gradrs  of  mica  are  imported  from  India  through  London 
firms,  lodia-rubber  insulating  tapes  are  made  in  maiiv 
places,  but  mostly  only  on  a  small  scale  and  in  a  primitive 
u-av.  Insulating  compounds  and  varnishes  arc  only  inadc 
1-  lies.  Rubber  works  arc  in  a  prosperous 
I                               lere  is  still  some  importation.     Such  woili^ 

line   a   part   of   wire   and   cable  facl'iric>. 
i  ,  ,    r  wires  and  cables  of  all  ortlinary  dcsciip- 

tion  and  sizes  are  made  locally  to  the  almost  entire 
exclusion  of  imported  goods.  Measuring  instruments  are 
almost  all  imported.  Factories  are  defective  in  their 
I  •  ■  •         ii;  purposes.    Telegraph 

\    made   locally   bv   two 


to  give  to  deserMiig  cntrri  : 

Let    Us    now   glance    ai       .,,....  '  •■■    i...ii»ii 

electrical  imports.     In  res|v>nsc  to  enquiries  :e 

as  to  the  %'arious  classes  of  iiiiporls.  Mr.  (i.  r  >  .Mia». 
Uirector  of  Statistics  with  the  <<Livernment  of  India,  hat 
kii  nic  with     i  .11 

sli.  -:icd  bv   I  ic 

impuils  lur  liie  last  tMo   '  d 

showing    the    amount    ci  ,  'g 

ci>uiitry.  From  these  statements  I  have  abstracted  and 
deduced  the  p.trticulars  given  below.  i're\'iou>  lo 
igi2-i3  the  present  system  of  clossihcation  was  not 
adopted,  so  tliat  tlie  ti^ures  for  earlier  years  arc  not 
available. 
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Fans 

Cables  and  wires 
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Other  apparatus 
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>'ii;ci  machinery 

Total  

.-■    Tdtgraph  ap^ralui  an., 
maUnals 

I   (3l  Tdefkone  apparatus  and 
!  mjlenalt 


"•7 

t^i 

39 

10 

5« 
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9« 

4 

¥i 
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68 

6 
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79 

V  1 

95 

S 

<» 

93 

»9 
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electrical  industry 

^rve  to  indicate  broadly  the  lines  on 

\^  '  in  India  might  most  hoitcfuUy  proceed. 

*  SL  KiMt'Ka.     The  ptvtmt  Mate  of  electrical  induMrirt  in  ja|>ui. 
ImJiam  TtiMt  Jenmjl,  \ol.  14,  p.  41$,  Igi4. 


Il    wtll    be    ^crn    from    these    figtifM     that     the    t'nited 
K  ^at   bulk  Ih 

liiJ  „     ..   1  may  me  1.1      .  .. _.  jo 

of  the  trade  in  fans,  viz.  38  per  cent,  and  the  ^  s 

that  Germany  and  Austria  had  55   per  cent  ..  1    .   i   ...aip 
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trade;  but  on  the  whole  the  Indian  electrical  trade  is 
supplied  almost  entirely  by  England.  Leaving  aside  tele- 
graphs and  telephones,  we  see  that  there  was  an  increase 
in  every  item,  except  generators  ;  this  exception  is  doubt- 
less explained  by  the  completion  of  the  big  generating 
station  at  Cossipore  for  the  Calcutta  supply.  The  total 
increase  in  imports  in  the  one  year  was  34  per  cent,  and 
the  total  electrical  trade  in  11)13-14  exceeded  one  million 
sterling. 

In  the  details  of  the  imports  the  more  notcwortliy  points 
are  :  the  increase  of  lumps  from  Austria  was  160  per  cent 
in  the  year;  the  increase  in  "other  apparatus"  from 
America  w.as  1,500  per  cent  in  2  years;  motor  imports 
from  Germany  decreased  by  57  per  cent  in  tlie  year  ;  and 
the  imports  of  "other  machinery"  from  England  increased 
115. per  cent  in  the  same  period. 

It  is  interesting  to  see  how  the  electrical  imports  are 
divided  among  the  different  Provinces,  and  the  following 
table  gives  the  chief  particulars  : — 

Percentages  of  Electrical  Imports  in  1913-14. 


Bengal 

Bombay 

Madras 

Burma 

Fans 

Lamps          

Cables  and  wires    ... 
Other  apparatus     ... 

Generators 

Motors          

Other  machinery    ... 

61 
45 

45 
39 
43 
49 
36 

21 
22 

26 
27 

47 

k 

15 
20 

9J 

2 

5 

Average 

45i 

32i 

III 

8 

Thus  the  four  Provinces  named  above  took  97^^  per  cent 
of  the  total  electrical  imports  (excluding  telegraphs  and 
telephones)  in  1913-14.  The  data  on  which  these  figures 
are  based  refer  only  to  British  India,  particulars  for 
Kashmir  and  other  native  states  not  being  included. 

Although  practically  no  electrical  machinery  is  made  in 
India,  the  advantages  of  electricity  for  various  purposes 
are  becoming  widely  known  ;  and  extensive  developments 
have  already  taken  place  in  this  country,  and  are  now  pro- 
ceeding, in  electrical  distribution  for  both  lighting  and 
power.  This  branch  of  the  electrical  industry  is  far  more 
important  than  the  manufacturing  branch,  and,  unlike  the 
latter,  is  indispensable  for  the  full  industrial  advancement 
of  a  country — just  as  railways  are  vital  factors  to  industry 
whether  locomotives  are  made  locally  or  imported.  I  have 
already  pointed  out  that  electrical  power  schemes  in  Japan 
have  mainly  been  carried  out  with  the  aid  of  imported 
machinery  and  as  additional  examples  I  may  quote  the 
case  of  Sweden  and  Norway,  where  electrical  development 
has  been  remarkably  rapid,  in  spite  of  the  fact  that 
electrical  manufacture  has  not  been  conspicuous  in  either 
country. 

It   will    be   convenient    to    summarize   here  the   more 

important  public  schemes  now  in  operation  in  India,  or 

to  be  started  in  the  near  future.     The  data  are  collected 

from  Mr.  Partridge's  paper  read  before  this  Local  Section 

in  Januan,',  1914.* 

*  T.  G.  Partridge.  Some  notes  on  tlie  principal  electrical  under- 
takings in  India,  Burma,  and  Ceylon. 


The  chief  plants  operated  by  water  power  are  : — 

Tata  Power  Co.,  Honibav          ...         ...  32,000  kw. 

(To  be  increased  subsequently  to  100,000  kw.) 

Cauvery  I'alls,  Mysore 12,400    „ 

Jhelum  River,  Kashmir            ...         ...  4,000    „ 

Darjecling            ...  2,500    „ 

Mussoorie...         ...         ...         ...         ...  1,900    ,, 

Simla         750    „ 

Janiau,  Kashmir  ...         ...         ...         ...  700    ,, 

Tlie  total  power  of  these  seven  installations  is  llnis  about 
54,000  kilowatts  or  71,000  horse-power. 

The  principal  stations  worked  by  steam  power  and  oil 
engines  are  as  follows  : — 


Calcutta 

...   14,800  kw 

„         tramways          

...     2,900    ,, 

Bombay,  including  tramways... 

...     9,000    „ 

Rangoon, 

...     5,400    „ 

Madras,           ,,                „ 

...     3,800    „ 

Colombo,         „                „ 

•••     1,55°    .- 

Kolar  Mines  Co 

...     1,500    „ 

Dacca        

900    „ 

Delhi,  including  tramways 

840    „ 

Cawnpore,     ,,            „ 

850    „ 

Gwalior 

700    „ 

Lahore      

600    ,, 

Kandy       

-        540    „ 

Mandalay 

520    ,, 

Bikanir     

500    „ 

The  total  rating  of  these  stations  amounts  to  about 
58,000  kilowatts  (77,000  horse-power),  of  which  about 
1,800  kilowatts  is  generated  by  Diesel  oil  engines,  eight  in 
number,  distributed  among  six  stations. 

Some  of  the  longer  distances  of  transmission  are  detailed 
below,  together  with  particulars  of  the  pressures  of  genera- 
tion and  transmission,  and  the  frequencies  used  : — 


Distance 

in 

Miles 

Voltage 

of 

Generation 

Voltage 

of 

Transmission 

Frequency 

Cauvery  Falls 

{|} 

2,200 

(  35,000  ) 

<  32,500  V 

(  21,000 } 

25 

Jhelum  River 

55 

2,300 

(  30,000 
1  60,000 

— 

Tata  Power  Co.    ... 
Simla          

43 

21 

6,600 
2,200 

100,000 
15,000 

SO 
50 

It  will  be  seen  that  electric  power  is  already  being 
transmitted  in  India  to  distances  of  the  order  of  50  to  100 
miles,  with  the  use  of  appropriate  extra  high  pressures,  the 
generators  being  driven  by  water  power.  Waterfalls, 
whether  natural  or  artificially  derived  from  a  steeply 
sloping  river-bed  or  a  storage  reservoir,  are  rarely  to  be 
found  at  the  spot  where  power  is  wanted,  and  the  capital 
charges  of  an  installation  (especially  for  transmission 
mains  and  allied  costs),  as  well  as  the  running  expenses, 
place  a  limit  on  the  distance  to  which  power  can  be 
transmitted  on  a  profitable  commercial  basis.  This  limit 
must  obviously  depend  on  various  factors,   such   as   the 
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tall.     Two  ul  llic  pLuita  above  nicnlioiuU,  lunich 

u(  Ihr  TaU  I'uik'cr  Coin|taiiy  and  the  Cauvcry  KalU,  i.. 

kinall  poflioiu  oi  tbi>  |HJucr.     Tlic  loUl  [>owcr,  U  il  cuuld 

be..-  ■       ■     .      ■■  ■ 

\Mi\\ 
^ll^l 

vol.. 

l)l>  v>t  tu  tlic  villir  cktriit  j>  liic  raiiiLtii.     Ill 

Kui    ,  ^   ;  o<  three  or  lour  weeks  i»  4  rare  event, 

whereat  in  liidu  in  many  porU  kcvcral  months  may  \Km- 
with  little  or  no  rain.  If  a  certain  power  fs  required 
throughout  Ihe  year  at  aiiy  particular  place,  cither 
the  loweM  tlow  of  the  stream  inu<t  be  sufhcieiit  lo 
give  the  necessary  power,  or  else  on  extensive  storajjc 
reservoir  must  l>e  made  in  a  poMtH'O  where  the  contour 
and  natuie  of  tlic  grouiul  are  favourable  (as  in  the  case 
of  the  Tata  Company). 

From  a  very  rough  estimate  that  1  have  made,  based  on 
the  local  rainfall  and  the  available  head  of  the  water, 
il  would  appear  that  the  rainfall  on  the  uplands  of 
Central  and  Southern  India  represents  a  total  power  of 
the  order  of  loo  niillioii  horse-power  averaged  llirouj^h 
Ihe  year,  and  Ih.tt  the  precipitation  in  the  Himalayan  rcjjioii 
boi.  Northern  India  represents  possil)ly 

i,u.'  .<,er.     Of  course  only  a  small  fraction 

of  this  power  could  be  coinmei  cially  utilized.  The  condi- 
tions for  commercial  feasibility  are  that  the  fall  must  be 
fairly  cwnccntrated  (though  there  arj:  cases  where  sufii- 
cient  fall  can  be  obtained  by  utilizing  the  slope  of  soiiie 
miles  oi  rivcrt.  and  the  contour  of  the  land  must  be  such 
as  to  make  ii  nstruct  a  reservoir  of  adequate 

capacity,  if  ti.  .\  of  the  river  in  the  dry  season 

is  sufhcicnt  lo  provide  itie  power  required.  In  the  Hima- 
layas there  is  some  natural  storage  in  the  form  of  ice  and 
saow,  which  tends  by  melting  to  maintain  during  the  hot 
weather  the  How  of  the  rivers  fed  from  that  region,  and 
to  reduce  the  How  in  the  cold  season. 

As  regards  the  value  of  the  hydraulic  power,  assume 
that  about  i  per  cent  of  the  total  power  could  be  utilized 
coi:  i    be   about    lo   million    liorse- 

pou  .     ^'■'^  ff"   i*   year   can    be   profit- 

ably sold  lor  irom  £.4  to  £.j  in  the  case  of  large 
economical  plants  in  other  countries,  after  allowing 
for  interest  and  depreciation  as  well  as  wages  and  all 
other  expenses.  The  profit  is  probably  from  6s.  to  los. 
per  horse-power  per  annum.  Or,  to  look  at  the  question 
ill  another  way,  the  cost  of  coal  per  horse-power  sold 
per  annum  in  a  lart;e  electric  power  station,  with  coal 
at    t(s.    6d.    ;  .>    alx>ut     £5,   assuming   the   small 

economical  .  1  usual  in  such  cases.     Thus  the  10 

million  horse-power  assumed  to  be  available  would  be 
-worth  about  live  to  fifty  million  pounds  >terliiig,  depending 


power  a\ailal>U-  in  '  ul  KlUopc  has 

^.■.  1  at   )4  million  liui  ..  ,     ., ^. 

OiM  held  for  the  utthzation  oi  cloctf ic 

I    believe,  been   I 
.cllon    of    mil  airs 


inaiiilciunce   t'  .' ,    d 

course,  to  the  1  ,    .  _, and 

fertilizers.  Although  I  understand  from  an  agricultural 
authority  tliat  it  is  doubtful  whether  there  will  be  in 
India  the  extensive  demand  for  nitrates  as  fertilizer*  tliat 
has  arisen  in  some  other  countries,  still  it  seems  uoith 
while  to  refer  very  brielly  to  the  pr.ijjrc  MLi'lr  m  oihtr 
parts  ot  the  world  with  this  i 

The  electrical  production  •  ,« licrc 

water   power   al>ounds)    was    commenced   only   some    10 
years  ago,  and   now   the   power  absorbed   there  in  ihi? 
industry  on  one  system  alone  amounts  to  about  ju"-* 
horse-power,   divided   among   live   power     •  hot 

.mother   system    1^5,000   horse-power    is    1,  jiul 

the    power    devoted    to   the  -    :- 

rapidly   increasing.     I   may  _;    ; 

Dr.  Drysdale,  each  horse-power  in  a  year  gives  nilro^eii 
sulhcieiil   for   the  growth  of   18  quarters  of  whc:at.  whn.li 
is  stated  to  be  about  enough  to  feed  one  man  for  a  year. 
The  raw  material  is  the  air,  from  which  the  n  •■ 
abstracted,  the  heal  required  for  the  combine: 
produced    by    means    of    electric    arcs   or    in..  . 
carbon.     The  Franck-Caro  process  has  b<ren  i. 
into  Italy.  Switzerland,  France,  Germany,  japan,  an.;  . 
L'liiled    States,    the    total     power    in    Igij     being    .1: 
.•01.1.000  horse-power,  and   very  large  extensions  are  pro- 
posed.    As  soils  become  impoverished  and  as  Ihe  supply 
of   natural  fertilizers  diminishes,  the  imporlance   of   this 
question    will    become  greater  and  greater.     In  the  last- 
mentioned  process  the  nitrogen  before  l>ciiii;  ••  nxcd  "  is 
separated  from    the   air   by    a    l.i 
and    the    plant   at   one   larjje    N'oi 
100   tons    of     . 

total  annual  |  :  ^  , 

ixiunds,  and  that  tor  lertihzing  alone  Ihere  is  scope  (or 
50  tunes  this  quantity. 

As  regards  electric  traction,  it  ap(scars  that  very  important 
developments  may  be  expected  in  Imlia  .it  ;. 
A  report   has  recently   l>eeii  luriiixhc<l   In 


report    is   lieciUcdiv  It 

.«en    up   It    may  lead  tc   ^lioii 

ol   electric  traction  on  other  hues,  where  the  cui>diUoas 
are  e\{ually  suitable  and  promising. 
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It  is  hardly  necessary  to  add  tliat  those  whose  occupa- 
tions are  connected  with  steani-loconiotive  cn_<jineering 
need  have  no  apprehension  that  their  employment  is 
coming  to  a  speedy  end  ;  for  a  very  long  time  will  cer- 
tainlv  elapse  before  electricity  can  make  any  attempt  to 
compete  with  steam  on  the  typical  Indian  railway,  with 
its  great  distances,  long  intervals  between  stations,  and 
infrequent  train  service.  The  electritication  of  some  of 
the  hill  railways  might  well  be  considered,  tliougli  it  is 
obvious  from  a  cursory  glance  that  tlie  convenient 
proximity  of  water  power  was  not  one  of  the  factors 
taken  into  account  when  the  sites  of  our  present  hill 
stations  were  cliosen. 

The  advantages  of  electric  transmission  in  factories 
are  fairly  generally  recognized,  and  many  examples  are 
to.  be  found  here  in  Government  concerns,  railway 
workshops,  engineering  works,  and  elsewhere.  F"or  the  . 
special  requirements  of  jute  mills  electric  driving  does 
not  find  wide  favour.  1  have  not  examined  the  question 
in  connection  with  the  particular  conditions  of  this 
industrv,  but  it  is  not  unnatural  that  most  of  those 
responsible  for  the  running  of  these  mills  should  give 
preference  to  the  system  with  which  they  are  thoroughly 
familiar,  and  which  answers  well,  unless  and  until 
they  are  compelled  by  the  force  of  competition  or  by 
reduced  profits  to  consider  a  different  system  of  power 
transmission. 

On  the  other  hand,  of  the  83  cotton  mills  in  Bombay,  26 
are  to  be  driven  by  electric  power  from  tlie  Tata  Com- 
panv's  system,  and  it  is  anticipated  that  the  steadiness  of 
the  drive  will  give  increased  production  and  improved 
quality  of  yarn  and  cloth.  The  price  for  power  in  Bombay 
is  to  be  as  low  as  055  anna  per  unit,  a  rate  which  makes 
electricity  a  very  formidable  competitor  with  other  methods 
of  power  supply.  In  Madras  the  cost  is  for  very  large  con- 
sumers 075  anna  per  unit,  the  generators  in  tliis  case  being 
steam-driven. 

In  Calcutta  the  rate  of  electric  power  used  for  industrial 
purposes  is  8  rupees  per  kilowatt  per  month  plus  05  anna 
per  unit ;  for  a  factory  operating  10  hours  a  day  this  works 
out  to  0'93  anna  per  unit.  For  large  installations  in  certain 
cases  the  rate  is  on  a  sliding  scale,  which  may  be  as  low 
as  o'4  anna  per  unit. 

In  reply  to  my  enquiries  as  to  tlie  electric  power  utilized 
for  various  purposes  in  Calcutta  Mr.  R.  E.  Winkfield,  Agent 
and  Chief  Engineer  to  the  Calcutta  Electric  Supply  Cor. 
poration,  and  formerly  Chairman  of  this  Local  Section 
has  very  kindly  had  data  prepared,  and  I  am  indebted  to 
him  for  the  following  list  which  be  has  been  so  good  as  to 
furnish  : — 


Jute  milling 
Jute  pressing 

Flour  milling    ...  192 

Printing  ...  439 

Machine  shops...  216 

Pumping  ...  236 

Lifts       10^ 


i()  motors,  aggregating  2,136  b.h.p. 

-^2       „  „  1,853  „ 

2,475  .. 

1.236  „ 

1,21/'  ,, 

,,  603  ,, 

664  „ 


These  figures  afford  remarkable  evidence  of  the  ex- 
tensive use  that  is  already  made  of  electric  power  for 
industrial  purposes  in  this  district.  They  show  that  the 
Calcutta  Electric  Supply  Corporation  must  have  given 
much  attention  to  tlie  development  of  this  important  side 
of  their  business,  and  they  also  make  it  clear  that  many 
local  manufacturers  and  business  men  are  fully  alive  to 
the  commercial  advantages  of  electric  motive  power.  I 
need  hardly  point  out  the  benefit  to  the  community  arising 
from  the  avoidance  of  local  smoke  and  noise,  and  we 
must  all  hope  for  a  rapid  extension  of  the  company's 
operations  in  this  field. 

Street  lighting  by  electricity  is  now  becoming  a  familiar 
feature  in  Calcutta  and  Howrali,  as  well  as  in  hill  stations 
and  elsewhere.  Electrical  engineering  has  required  for 
its  development  a  more  scientifically  trained  set  of  men 
than  in  the  case  of  other  branches  of  engineering,  and 
electrical  engineers  have  done  much  to  improve  the  proper 
treatment  of  practical  questions  of  illumination  both  for 
outdoor  and  indoor  purposes. 

The  technical  training  of  engineers  in  this  country  has 
been  discussed  in  various  recent  papers  and  reports,  and 
I  shall  therefore  not  dwell  at  length  on  this  matter.  1  may 
mention,  however,  that  improvements  which  had  been 
advocated  for  years  have  now  been  carried  out  at 
Sibpur  College  ;  one  of  these  is  the  provision  of  separate 
professors  of  mechanical  and  electrical  engineering,  each 
with  an  assistant,  instead  of  a  single  professor  for  the  two 
subjects  ;  the  other  is  tlie  introduction  of  a  more  specialized 
(and  at  the  same  time  shorter)  course  for  students  taking 
up  these  branches.  These  changes  are  bound  to  improve 
the  quality  of  the  men  trained  by  the  College.  The 
course  is  only  of  "overseer"  standard  at  present,  but  in  the 
scheme  for  a  Technological  Institute  at  Calcutta  proposals 
have  been  put  forward  for  the  introduction  of  a  higher 
course  for  a  limited  number  of  students.  This  scheme  is 
under  the  consideration  of  the  Government.  After  the 
college  course  practical  training  in  industrial  concerns 
will  of  course  be  necessary  before  the  students  are  of  any 
substantial  use.  Unfortunately  they  do  not  always  realize 
this  and  are  sometimes  inclined  to  e.xpect  an  initial  salary 
out  of  all  proportion  to  their  utility. 
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WESTKRN    LOCAL    SFXTION  :   CHAIRMAN'S    ADDKl 

Hy    1).    1".    K'oukkts,   Mcinlier. 

{.4iUi>-  I   •'!  fihruiitv,   IVI.V) 

1  ..i.lv  pro|H>«c  lo  make  a  lew  remark*  on  a  »cl  of  con  li   c  n^l.^riil(»   ihc  qucsti.       ■(     '  . 

at  arc  likely  lo  affect  our  induklrick  when  Ihi  i>  fair  lu 

j;na\  «.ii  IS  over.  - ■■■■•    nol   l»e  a 

The  casv  »nd  profitable  iuccc»»  o(  the  I'lernun*  in  1870       turcr*  ui  Gernuny  a^  ihey   I 

"'    ■  i<aclurer»    «:. 

I    mure   for    1 


(  1....I. 


miportant  \lvm>  n 

been  Ihc  hi)(hly  ........... 

people. 

I  < 
ins 


the  manutaclur- 
iinj;  to  iee  the 
lie  last  10  or  15 
t    at  llir  MHilli- 


lu  (lie  !'■■ 

e,  n    .  •  I  here  i~ 

of  basic  iron  ore,  and,  during  the  period  nienlioncd,  ionu 

oi  the  most  wonderful  plants  in  the  world  have  been  there 

erected.     In  fact,  so  extensive  arc  these  plants,  that  prior 

:' lit  of  iron  from  these  new  undertakings 

v   one-half   of   the   total   output  of  the 

CuUUti  ) . 

.\  feature  of  these  new  works  th.(t  must  impress  anyone 
who  has  made  a  special  study  of  this  class  of  election, 
is  the  elaborate  and  apparently  extravagant  expenditure 
on  all  kinds  of  labour-saving  devices.  These  exceed  any- 
thing that  IS  to  be  found  in  the  latest  and  best  American 
works,  which  countrv  1  also  occasionally  visit,  and  where, 
a»  i~  pnieiit  is  vital  to  success, 

for  ;  .  !•■  :it  a  prohibitive  price 

and  the  hc^   in  >  nally  so  great  that 

continued   manual  ^t    impossible.     One 

can  only  come  to  the  conclusion,  therefore,  that  this 
extra\'agance  has  been  dictated,  not  by  the  labour  con- 
ditions of  to-day,  but  by  the  conditions  that  are  expected 
to  pre\'<ul  in  the  early  future. 

There  is  every  reason  to  believe  that  the  German  capita- 
list has  for  some  time  been  looking  forward  with  appre- 
hension to  that  day  when  the  bl>uuring  classes,  so  long 
subdued  by  dominant  militarism,  will  assert  themselves. 
When  competition  between  our  trade  and  that  of  the 
Germans  is  now  considered,  this  is  a  factor  that  must 
not  be  forgotten. 

A  further  consideration  that  must  be  taken  into  account 
is  the  question  of  whether  the  financial  condition  of  that 
Country  after  ilic  war  will  be  such  .is  to  enable  the  (iovern- 
ment  ti'  the  various  trades,  distribute  bounties, 

and   otl^>  .  '.iticially    txilster    up   the   manufacturers 

tliri'Uj.;hout  their  land,  as  has  been  done  in  the  past.  It 
is  more  than  protxable  that  this  method  will  have  to  be 
considerably  c>irtailed,  and  that  competitive  trade,  there- 
lore,  will  be  on  a  fairer  footing  in  this  respect. 


Mkh    .11.    ■  'hers,  two  of  which  sl.l! 

wlucli  iiiusi  nut  be  overlcHjkcd,  iiaiu^ , <      •    uin. 
works,   laid    out   in   most   elalx>rale   stvle   and    ; 

<i)iiippiil   ,     '      ' 

icve  that  the  bulk  of  irit:iiucr»  in 
V  do  not  quite  rcalue  to  what  cxiii 


-as  been  carried  in  (jermanv,  and  u.. 


I' 


diictive  powers  are.  In  military  matters  it  seems  qiMrstion- 
ahlc   now   whether  this   intense  Ir..  ''    :   an 

adv.inlage,  as  it  undermines  one  s  (be 

arts  of  peace  this  defect  does  iil^i  ciutr  ^^  ;;iw.h  into 
the  question. 

The  Germans,  under 

.igain  enter  into  the   cor.  _        

have  the  advantage  of  this  splendid  training  and  their 
complete  equipment.  They  have  also  an  almost  world- 
wide and  effective  organization,  with  which  thev  bring 
their  products  to  the  notice  of  buyers  in  every  land. 

When    the    war    is    over,    their     atrocilie*    and     their 
treacherous  Ih' 
will    not    be    li  ;  ^ 

dealing  with  our  present  enemy.     Belore   very  long  the 
old  world  rule  will  be  again  firmly  established     "   "  -i- 
that  the  machine  that  is  going  to  command  the 
that   which  is  best   designed,   best    built,   best    luiii.-    4ii 
requirements,  and  winch  gives  the  all-round   best  return 
lor  1: 

In..  lip  the  coi>dilions  existing  here  in  Grrmany. 

and  also   111    Amenca.  with   a   view    to    >..  our 

chances  in  striving  for  the  world's  trade,  w  -;iany 

economic  advantages  in  our  favour,  and  in  my  opinioa 
success  is  within  our  reach  if  we,  as  a  nation,  will  but 
stretch  out  a  hand  lo  grasp  it. 

Ti     '     '  >l  other  methoils  have  I  • 

and  1  with  this  end   in  view    .' 


and  one  1  ily,  hy  uiiich  in  my  opinion  we  can 

satisfactoi  our   position,  and  that  is  by  putting 

our  works  in  highly  efficient  order,  and  tilling  them  with 
well-trained  men. 
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As  bearing  out  this  point,  I  shall  piohably  not  be  be- 
traying a  secret  to  many  members,  when  I  say  that  the 
Council  of  this  Institution,  after  very  careful  considera- 
tion of  this  subject  from  all  its  aspects,  have  come 
to  the  conclusion,  for  a  number  of  reasons  which 
need  not  be  entered  into  here,  that  practically  nothing 
can  be  done  to  assist  manufacturers  against  their  foreign 
competitors,   and   that   the   continuance  of    British   trade 


will  mainly  depend  on  economic  principles  and  on  the 
commercial  indvistry  and  initiative  of  British  manufacturers 
themselves. 

This  view,  in  my  opinion,  is  the  only  healthy  and 
proper  one  to  take  of  the  position,  and  if  such  means  are 
employed  I  feel  certain  the  country  will  achieve  lasting 
prosperity,  which  will  be  a  just  recompense  for  the 
terrible  sacrifice  that  she  is  now  making. 


PROCEEDINGS   OF   THE    INSTITUTION. 


ORDINARY   MEETING   OF  25   FEBRUARY,    1915. 

Proceedings  of  the  576th  Ordinary  Meeting  of  The  Institution  of  Electrical  Engineers,  held 
on  Thursday,  25  February,  19 15 — Sir  John  Snell,  President,  in  the  chair. 
The  minutes  of  the  Ordinary  Meeting  held  on  11   February,  1915,  were  taken  as  read,  and  confirmed. 

The  President  :  Before  I  call  upon  Mr.  Sparks  to  read  his  paper,  there  is  one  little  personal  note  that 
I  want  to  strike,  because  I  am  sure  members  will  wish  to  join  with  me  in  offering  our  congratulations 
to  Mrs.  Sparks  and  himself.  Not  only  has  he  a  brother,  present  with  us  to-night,  who  took  such  an 
honourable  part  in  the  charge  of  the  London  Scottish  in  Flanders  and  came  back  wounded,  and  who, 
I  am  olad  to  say,  is  now  convalescent  and  looking  forward  to  returning  soon  to  his  duties  at  the  front, 
but  Mr.  Sparks  has  also  three  of  his  four  sons  serving  the  King  ;  one  in  the  Royal  Engineers  ;  one,  who 
is  with  us  to-night,  in  the  Royal  Artillery  ;  and  one,  a  youngster  of  only  18J  years,  who  has  so  done  his  duty 
at  the  front  that  not  only  has  he  been  mentioned  in  dispatches  but  he  has  been  awarded  by  His  Majesty 
the  MHitary  Cross.  I  have  only  one  son  and  he  is  serving  his  King  to  the  best  of  his  ability,  but  I  should 
feel  proud  enough  of  him  if  I  could  mention  that  he  had  such  a  record.  It  must  be  a  source  of  legitimate 
pride,  both  to  Mr.  Sparks  and  to  his  wife,  to  feel  that  their  sons  are  doing  such  splendid  work  and  showing 
such  a  splendid  example  to  the  young  men  of  this  country.  I  am  sure  members  will  join  with  me  in  offering 
our  congratulations  to  them,  and  ask  them,  when  they  write  to  their  son,  to  convey  the  good  wishes  of  this 
Institution,  of  which  the  father  is  such  a  distinguished  member.  I  ask  members  to  join  with  me  in  showing 
our  feelings  in  this  matter  by  acclamation. 

Mr.  C.  P.  Sparks  :  It  is  very  difficult  for  me  to  find  words  in  which  to  express  the  gratitude  my  wife  and 
I  feel  for  the  Resolution  that  has  just  been  passed.  I  am  indeed  proud  of  my  three  sons,  who,  in  common 
with  so  many  hundreds  of  thousands  of  British  men,  are  doing  their  duty  to  their  King  and  country,  and  of 
course  I  am  especially  proud  of  the  young  fellow  who,  as  Sir  John  has  mentioned,  has  been  awarded  the 
Military  Cross. 

A  paper  by  Mr.  C.  P.  Sparks,  Member,  entitled  "  Electricity  applied  to  Mining"  (see  page  389),  was 
read  and  discussed,  and  the  meeting  adjourned  at  9.55  p.m. 
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Contents. 
Eiicrio  cun>uiii|^iun  in  a  definite  case.  Cost  per  annum 
oMopared  with  coal.  Outlay  Details  .J  cookers  and  losses  in 
<.-k.mj;  Smne  points  in  doign  Tests  o(  flexible  o.rd«. 
tai thing  o<  cooking  plant.  Sugceslion  that  the  Inslitulion 
sh.rtild  Uke  up  the  question  of  earthing.  Tariffs  .Mainlcnancc. 
Kecords.  and  diversity  factor  of  the  cooking  load. 

I\TROUUCTIO\. 

The  author  has  more  than  once  insisted  upon  tlic 
importance  of  looking  at  a  subject  like  electric  cooking 
from  the  consumer  s  point  of  view,  and  as  tliis  aspect 
appears  to  him  to  be  increasingly  important  he  ventures  to 
>ubmit  the  following  notes  lu>cd  on  personal  experience. 

So  far,  in  the  cooking  field,  electricity  has  been  chiefly 
!i>  competition  with  ga».  This  competition  has  therefore 
been  t-arried  on  mostly  in  smallc  houses  and  flats  where 
the  gas  cooker  has  proved  sulliciint  to  iiictl  the  needs  of 
■'  ''Old  in  a  convenient  way.     Such  houses  and  Hats 

require  an  electric  cooker  of  something  like 
4  5  ^*-  lating,  and  the  consumption  is,  say,  50  kilowatt- 
hours  per  week  :  but  in  larger  hou^cs  coal  ranges  are  more 
usual,  because  the  cooking  is  more  continuous  and  because 
hot  whaler  is  required  in  large  quantities.  Naturally  the 
revenue  from  an  electric  cooker  replacing  such  a  coal- 
range  is  considerably  greater  and  more  profiuhlc  than  that 
from  a  cooker  in  the  smaller  class  of  house,  partly  because 
the  cooker  is  larger  and  partly  because  the  cooking 
I-.  more  extensive.  In  other  words  the  large  cooking 
«.  unlike    the    large    lighting    consumer,    has   an 

■';  ;  ■     V  better  load  factoi   than  the  smaller  consumer. 

COSSl'MPriON    AM.    LOMIARATIVt    CoSTS. 

In  the  example  to  which  the  author  wishes  to  refer,  the 
number  of  persons  norm;Uly  in  the  household  is  from  eight 
10  nine,  and  there  is  a  good  deal  of  cooking,  though  not  of 
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an  elaborate  kind.  It  there/ore  seemed  desirable  tu  put 
111  a  fairly  large  cooker,  and  one  by  Messrs.  I'urccit  A 
N'obbs  (made  similarly  by  the  Falkirk  Iron  Company)  was 
therefore  selected,  of  which  the  following  arc  brief  par- 
ticulars : — 


total 

3.000  watts 

«.5oo      .. 

each 

I.IOO 

750       .. 

The 

-ire 

c-.i!i    b. 

.  in 

quarter 

.      The 

"*'^"  I  lower  1,000      ,.     I 

C.rill  

Two  8-in.  hot-plates        

One  ft-in.  hot-plate 

The  heal  of  the  grill  ■ 

provided   with  two  1  ■, 

p.irallel,  singly,  or  in»ci.. 

lic.it  respcclively,  which  \.. 

cooker  was  not  found  to  be  too  Urge  for  the  work. 

I'ersonally  the  author  docs  not  look  upon  the  electric 
heating  of  domotic  water  as  a  proposition  that  is 
liitaiicially  impracticable.  It  is  a  question  of  tariffs. 
With  thermal-storage  apparatus  a  practically  continuous 
load  can  be  obtained.     A--  ,,ly 

being  supplied,  it  should  .  ,  ,|y 

cluirgc  for  a  water  heater  ol  given  input,  on  the  Ivasis  of 
coiiiiuuous  use,  at  the  rate  of  Jd.  per  kilowatt-hour.  It  is 
duticult,  however,  to  get  the  station  engineer  to  move  in 
these  matters  :  although  willing  to  supply  cnerg>-  on,  say, 
a  25  }H:r  cent  load  factor  at  Jd.  per  unit,  he  sees  a  dillicully 
in  supplying  on  a  too  per  cent  load  factor  at  Jd.  per  unit 
If  a  supply  were  not  being  given  for  other  purpioscs  in  a 
house,  the  case  would,  of  |i  is  not 

reali/cd  that  a  continuou>  .  ..Us  wUl  heat 

alHJut  (>5-7o  gallons  of  water  per  24  hours  through  (k» 
degrees  F.,  taking  the  efliciency  at  about  80  per  cent 
This  would  be  enough  (or  many  flats  ;  it  would  be  e*- 
trciiiely  convenient,  the  water  being  always  axiilablc,  and 
the  ctjst  at  Jd.  per  unit  would  be  a  httlc  over  jJd.  yci  day. 

I'cndiiig    the    taking-up    ol    this    matter    seriously    by 
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central-station  engineers,  it  was  thought  best  to  install  a 
separately-tired  coke  boiler  for  supplying  tlic  hot  water. 
A  No.  10  D  "Ideal"  domestic  boiler  by  the  National 
Radiator  Company  w.is  selected,  partly  because  it  is  pro- 
vided with  a  Hat  top.  This  form  of  top  is  a  distinct 
advantage,  because  a  kettle  of  hot  water  can  be  kept  hot 
indefinitely,  or  a  saucepan  can  be  kept  more  or  less  on  the 
simmer,  by  this  means,  thus  economizing  electrical  energy 
to  a  desirable  extent.  This  boiler,  fed  with  coke,  gave  an 
ample  supply  of  hot  water — in  fact  the  smaller  size  might 
have  been  used — but  the  regulation  was  found  to  be  rather 
sensitive.  This  difficulty  is  most  easily  overcome  by  mixing 
a  small  proportion  of  anthracite  (say  one-fifth  by  volume) 
with  the  coke. 

To  estimate  the  consumption  of  energy  for  a  given 
household  is  not  an  easy  matter  owing  to  the  great  varia- 
tions that  are  found  in  tlie  mode  of  living.  It  is  sometimes 
stated  that  i  kilowatt-hour  per  person  per  day  may  be 
taken  as  an  average  figure.  Where  the  cooking  is  reduced 
to  a  minimum  (for  example,  by  having  a  hot  midday  meal 
and  reducing  the  cooking  as  far  as  possible  for  other 
meals)  this  may  be  sufficient ;  but  it  seems  to  be  quite 
inadequate  in  other  cases.  Probably  ij  kilowatt-hours 
per  person  may  be  said  to  be  low  where  late  dinner  is  the 
rule.  In  the  present  instance  the  average  consumption 
was  found  to  be  about  2  kilowatt-hours  per  person  per  day 
in  the  winter-time  and  about  i-6  in  the  summer.  This 
figure  was  obtained  with  a  cook  who  might  be  described 
as  "  careful."  Naturally  tlie  number  of  kilowatt-hours  per 
person  diminishes  as  the  household  increases,  and  it  need 
scarcely  be  said  that  it  would  be  considerably  greater  in 
houses  where  the  cooking  is  elaborate  and  where  waste  is 
of  no  account. 

The  consumption  per  week  was  approximately  no  kilo- 
watt-hours in  the  winter-time  and,  say,  90  kilowatt-hours  in 
the  summer.  The  actual  figures  over  particular  periods 
were  as  follows  : — 

Table  i. — Average  Consumption  of  Electrical  Energy 
per  week. 


Month 

Period 
Obsen-ed 

Kw.- 
hoiirs 

Month 

Period 
Observed 

Kw- 
hours 

February 

3  weeks 

113 

August 

3  weeks 

92 

March 

4       „ 

gt) 

September 

0 

95 

April 

3       » 

1:0 

October 

3       ,< 

104 

May 

4      „ 

g« 

November 

2       „ 

no 

June 

3       ., 

107 

December 

4       .. 

115 

July 

3       ,. 

«5 

January 

4       .- 

112 

£22  10    o 


Befoie  electric  cooking  was  adopted,  the  average  annual 
cost  (based  on  the  two  preceding  years)  with  coal  was  as 
follows  : — 

£     s-     d. 
Electrical  energy  for  light  and   other 

purposes  900 

Meters       ...        ...       100 

Coal  IT,  10    o 


2  16 

d. 

3 

21   19 
I     0 
6  13 

0 
0 
6 

Klectrical  energy  for  light, etc. ,asabove 

Electrical  energy  for  cooking  (includ- 
ing fixed  charge)  5,024  kw.-hours 
(average  price   ro4d.  per  kw.-hour) 

Meters       

Coke  and  coal 


£22    8    9 

In  tlie  above  no  credit  has  been  allowed  for  certain 
advantages  of  the  electrical  system.  Tlie  number  of 
kilowatt-hours  for  lighting  and  other  uses  has  been  taken 
to  be  the  same  in  both  cases,  and  a  correction  has  been 
introduced  for  a  short  period  of  defective  meter  working. 
The  net  result  is  seen  to  be  an  increase  in  cost  of 
£%  1 8s.  gd.  per  annum  over  the  cost  of  cooking  with  coal. 

Outlay. 
The  initial  outlay  was  as  follows  : — 


Electric  cooker    ... 

Cooking  utensils  ... 

Wiring  for  supply  to  cooker     ... 

Boiler  and  connecting  up  same 


£ 

s. 

d. 

23 

15 

6 

2 

5 

0 

9 

4 

5 

10 

6 

4 

As  II     3 


With  electric  cooking  the   result  for  the  year   was  as 
follows  : — 


Later,  a  porringer  taking  800  watts  and  having  three 
heats  was  added,  which,  v^dth  wiring,  cost  £i\.  This  was 
found  to  be  a  great  convenience.  It  should  be  noted  that 
the  above  prices  for  apparatus  are  list  prices. 

In  the  above  outlay  the  cost  of  the  cooker  seems  high, 
but  the  price  of  this  part  of  the  equipment  will  certainly 
fall  as  the  quantities  manufactured  become  greater.  More- 
over there  are  many  cookers  on  the  market  of  lower  price 
than  the  above.  On  the  other  hand,  the  cost  of  wiring  is 
undoubtedly  a  heavy  proportion  of  the  whole.  In  this 
particular  instance  the  cost  was  increased  by  an  additional 
switch  ;  but,  even  so,  the  cost  of  such  work  must  inevitably  re- 
main high  so  long  as  engineers  adhere  to  the  fashion  of  using 
screwed  tubing.  Of  course  there  is  the  idea  that  the  steel 
tube  is  good  from  the  point  of  view  of  earthing.  Actually, 
however,  when  the  switch  and  meter  are  taken  into  con- 
sideration, the  tubing  is  in  most  cases  of  little  value  for 
this  purpose  and  a  special  earthing  wire  must  be  used. 
That  being  so,  wood  casing  might  be  employed  equally 
well.  From  the  point  of  view  of  cheapness  the  author 
sees  no  reason  why  armoured  cable  should  not  be  used 
without  further  protection.  As  a  rule,  the  kitchen  and  its 
surroundings  have  no  architectural  beautj',  and  armoured 
cable  neatly  fixed  to  the  wall  would  not  look  unsightly 
(indeed  it  would  be  less  noticeaJDle  than  hot-water  pipes) 
and  it  could  be  fixed  with  a  minimum  of  labour.  A  house- 
holder often  does  not  mind  spending  a  lump  sum  on  an 
equipment  like  a  cooker,  but  he  is  chary  of  spending  much 
on  what  seems  to  him  to  be  useless  extras. 

Some  consumers  have  the  good  fortune  to  live  in  districts 
where  the  electrical  part  of  the  equipment  can  be  hired. 
The  author  was  not  in  this  happy  position.  In  his  opinion, 
hiring  powers  for  local  authorities  are  essential  if  electric 
cooking  is  to  make  the  progress  it  merits. 

From  the  point  of  view  of  cleanliness  it  is  no  doubt  best 
to  place  the  boiler  in  the  back  kitchen.  On  the  other  hand, 
it  may  be  wished  to  use  the  heat  given  off  by  the  boiler  and 
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Itoin   dr^rablr.     The   kiinplc»t   solution   i»   lu   pUcr   il 
hoiirr  in  (he  kiUhcii  and   lo  provide  drlucluhlc  btium^ 
Il  would  be  prcfcralilc,  however,  to  put  llic  Imilcr,  l.ij;j;«1 
in   (lie   Ivurk   kiiiliiii     uitli    J   lu'tw.iui    r.i.li.iior    in   it  ^ 
kilchrn.     Aiiotlui     iiicllu..!.    >|     ^.m-.      w  !    |»r    (.1    1: 

tmt    the    a\( 
:hr    liot-wulci 
■ui  '.  n)ctlio«t. 

'  ,-,   ■   ;^' add  that  I  he  electric  cooker  (pvr 

great  Mli^ijction  lo  ihe  cook,  who  much  prclcrrcd  it  to  II  . 
coal  ran ^e.     In  clcctiu  , 
i]iulitie»  of  clr.iiiliiii.  -- 
lw>  : 
*"•'■  ... 

.Iiiili  i!>  noi  ca»y  wilh  a  coal 

In  4  M'Oiil.  the  qtmlitv  of  the 
cookiac  i!>  better. 

Details  or  Cookkrs  and  Iaisses  i\  Cookixg. 

Whether  an  economical    result    is  ubl.iin(.-(l  i:  '      .; 

depends  Urgcly  upon  the  cook,  and  thcrcti.ic  ll,.  1 

ids  control.  A  ni.na  tluubic- 
rcason.  be  fixed  in  a  handy 
IK^siituii  itiTjki  Uic  ci>iik<.-i,  and  a  pilot  light  should  l)e  fixed 
so  that  the  cook  cannot  help  seeing  whether  the  power 
is  on  or  off.  She  should  be  trained  to  cut  the  supply  off 
at  Ibis  main  switch  in  addition  to  Ihe  subsidiary  switches. 
Some  cookers  are  provided  with  a  pilot  lamp  under  a  small 
red  window  fitted  lo  the  casing  of  the  cooker  its<.lf.  This, 
however,  is  scarcely  sufficient  lo  attract  attention.  An 
**<^"  ^    lamp  on  the    wall   compels  atUnlion    and 

'S    1  .^nyt^ne    entering    the    kitchen  casually,  so 

tliat  ;c  more  easy.  • 

^^  i;  to  carry  the  principle  further  and 

luvc  a  pilot  light  for  each  part  of  the  equipment  is  open 
to  question.  Personally,  provided  the  switches  are  well 
illuminated,  the  author  does  not  think  it  is  desirable  to 
go  to  this  con.  ^cr,  necessarily  pro- 

vides some  ini  ^iigiblc  in  ihe  ^rics- 

rcsislancc  arraii^tiiitiii.  auj  increases  the  mainlcnance. 
On  the  other  hand,  he  itcls  that  it  is  most  important  to 
have  the  branch  switches  in  a  position  where  they  are 
not  only  easily  seen,  so  that  the  various  heats  arc  ascer- 
tainable at  a  glance,  but  also  so  placed  that  they  are  easily 
operated.  For  this  reason  il  is  very  undesirable  to  mounl 
Ihcm,  as  is  sometimes  done,  on  the  side  of  ihe  cooker, 
because  the  cook  will  certainly  avoid  bending  dowii 
lo  look  at  Ihe  side  of  the  oven  ;  moreover,  such  switches 
will  oltcn  U-  !  iiinated.     If  ihey  are  mounted  on 

the   front    of    i  ...r   they    should    be   in   a   slanting 

position,  like  a  ublc  switchboard  ;  but  this  position  may 
lead  to  the  difficulty  that  the  switches  so  placed  arc  rather 
exposed  lo  liquids  spilt  during  cooking.  NotwilhsUnding 
the  advantage  of  making  Ihe  cooker  and  switches  a  com- 
bined and  complete  unit,  ihe  author  is  inclined  lo  ihnik 
thai  switches  are  best  placed  on  the  wall  behind  the 
cookci  ^.iiKwhat  to  one  side,  on  the  principle  llial  the 
■  roukt  be  made  as  easy  as  possible  if  waste 

I-  I 

As  regards  fuses,  pracUce  is  at  present  divided  between 


a  cook  w  uch  a  uielhud  ol  ;. 

"■  '  ■' ....>.  ...,i   »    ui.l  scari  -I  Ihe  [• 

'Hon.      Yet    many  arc   ui 


tcuv 

i 


to  be  ol  more  llian  usual  iiilelligencc,  and  w 
,    the  thcrinometer,  stated  more  than  once  llial  ?.,.....,, ..,  ,icai 
*   was  not  obtainable,  and  on  one  occasion  said  tliai  ihe  time 
required  for  heating  up  was  35  niinule^.  .. 
nation  the  tliermomeler  was  found  lo  I' 
This  is  sufficient  to  show  wliat  may  liappcu  il  at*  iW<ut(>- 
mctcr  is  Used. 

It  is  sometimes  said  thai  ihc  cook  can  be  that 

a  certain  teiiipciature  will  be  reached  by  lea  vcn 

on  at  full  heat  for  a  certain  time,  say  10  or  1  and 

then  continuing  with  a  low  heat.     This  is  an  ^m  »eU  if 
Ihe  oven  is  to  be  used  merely  for  single  joints   or  other 
single  ilems,  but  even  with  I',' 
is  litlk-  proliabilily    of    the    ti 

is  requited  lliree-qu.irters    of  an  houi  iias 

been  put  in  the  oven.     .-Vclually,  the  ci.  lave 

several  things  in  the  oven  at  the  same  time,  and  if  no 
Ihermomeler  is  provided  she  mu>t  fall  back  on  the  band 
test  lo  know  whether  the  temperature  is  what  il  should  be 
after  Ihe  oven  door  has  been  opiened  lialf-at!.:  t  >. 

There  has  been  much  talk  from  lime  lo  liuu  . .  ing 

tliat  is  effected  in  meat  by  eli  cen 

freely  stated,  for  instance,  that  ...  ,.uul 

or  gas  cookinjj  is,  say,  j;o  per  cenl,  wiicieas  it  is,  say,  15  per 
cent  with  electric  cooking.  Actually,  it  is  im(H>ssible  to 
give  a  fixed  figure.  If  there  is  much  fal  the  loss  will  be 
heavy,  whereas  if  the  joint  is  lean  the  loss  will  be  much 
less.  Therefore  only  an  average  figure  can  be  obtained, 
from  which  the  variations  may  be  large.  Further,  Ihe 
actual  figure  obtained,  judging  by  Ihe  aulhorS  npcrieuce, 
iKpciids   upon   Ihe   Icmj^erature,    not    :..  the 

system  IS  electric  or  otiicrwise,  except  j  .uoi 

extent.  Tins,  then,  is  another  good  reason  lor  liaving  the 
oven  filled  with  a  ihemiometer. 

riie  figures  in  Tables  1  and  3,  w  hich  Ihe  author  oblaiocd 
in  the  course  of  ordinary  working,  and  which  show  the  loss 
of  weight,  nuy  be  of  interest. 

The  temperature  in  Ihc  last  •  :       c  3  was, 

perhaps,  50  degrees  F.  higher  t  ,    ere  the 

loss  was  low.    This,  the  au-.  ice 

thai  .T  ihermomeler  is  a  >  '.tic 

I  >  in  Ihe  hands  01  an  ordinary  cx>ok  cannot  be 

01  thout  It.     With  it  the  results  are  excellent. 

Uf  course,  the  loss  of  weight  will  var>-  with  Ibc  type  of 
joint.  Only  one  tj-pc  ol  joint  is  referred  to  above,  as  it 
was  desired  to  have  comparative  result>,  arid  "rolled  nhs' 
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were  selected  as  being  free  from  an  indefinite  amount  of 
t>one  ;  incidentally  the  loss  shoukl  he  rather  high  on  that 
account.  The  usual  rule  for  the  time  required  (namely 
20  minutes  plus  20  minutes  per  pound)  was  adopted. 
Apai'l  from  loss  of  weight,  there  is  sometimes  a  gain  in 
electric  cooking  through  less  basting,  and  the  resulting 
dripping  is  in  a  more  usable  condition.  It  need  scarcely 
be  remarked  that  the  present  paper  refers  only  to  private 
houses  ;  restaurants  are  another  matter. 

Table  2. — Loss  vlieii  Cooking  by  Conl. 


Character  of  Joint 


OriRinal 
W'cisht 


Loss 


( i)  Rolled  ribs  of  beef  4  7 

(2)  .,             .,  4  ^ 

(3)  ..             >.  0  13 

(4)  .,             ..  4  9 


Average 


29i% 
29  % 
i8i%     '  Rather 

% 


23 


25    % 


Table  3. — Loss  u 

hen  Cook 

iiig  bv  Electricity. 

Character  of  Joint 

Original 
Weight 

Loss 

Remarks 

i 

Normal  Temperature. 

(i)  Rolled  ribs  of  beef 

(2)         „ 

(3) 

lb.  oz. 

3  13 

13     % 

i4i  % 
t3    % 

Joint        lean 
und    rather 
underdone 

(4)        .. 

4     I 

20   % 

Joint     rather 
fat 

Joint     rather 
'  fat 

(5)  .. 

(6)  „ 

4     1 

4    12 

I2i% 

i4i  % 

(7)       ., 

4    6 

Mi  % 

Average 

Temperature  loo  high. 

(8)  Rolled  ribs  of  beef 

(9)  .. 
(10) 

(u)        ,. 

Average 


Extravagant  claims  in  this,  as  in  any  other  direction,  are 
to  be  deprecated.  For  example,  in  a  technical  article  not 
so  very  long  ago  it  was  stated  that  even  "  if  gas  were  pro- 
vided free  of  cost  it  would  still  be  far  cheaper  to  cook  by 
electricity  "  on  account  of  the  saving  in  the  meat.  Such  a 
statement  is  absurd.  Joints  are  not  cooked  every  day. 
Assuming  two  a  week  there  might  be  a  saving  of,  say, 
a  pound  of  meat,  or,  say,  is.  per  week  in  the  case  here 
considered,  whereas  the  electricity  bill  is  much  greater 
than  this  figure.  It  is  forgotten  that  the  roasting  of  joints 
is  but  a  small  part  of  the  total  cooking.  Such  claims  can 
only  do  harm  to  a  good  cause. 


It  is  sometimes  objected  tliat  the  readings  of  a 
thermometer  fitted  to  tlie  oven  door  are  not  indications  of 
tlic  real  temperature  witliin  the  oven  and  therefore  the 
thermometer  is  undesirable.  No  doubt  the  indications  are 
far  from  accurate ;  but  they  are  nevertheless  of  value, 
because  one  can  find  by  trial  without  much  difficulty  what 
readings  correspond  to  suitalile  temperatures.  In  the 
present  instance  the  author  found  that  a  suitable  routine, 
in  the  case  of  joints,  is  first  to  raise  the  temperature  to 
350"  F.  ;  the  joint  is  then  put  in,  the  temperature  is 
allowed  to  fall  to  250°  F.  by  switching  off,  and  is  kept  (by 
switching  on  the  low  heat  occasionally)  between  250"  F". 
and  300°  F.  This  is  not  in  accordance  with  published 
directions  as  to  temperatures  for  cooking,  but  it  may  be 
regarded  as  the  calibration  of  this  particular  oven. 

The  energy  required  to  heat  an  oven  is  not  as  great  as 
might  be  expected.  In  the  present  case  the  oven,  with  an 
input  of  3  kilowatts,  reaches  a  temperature  of  250°  F.  in 
5  minutes,  i.e.  by  the  expenditure  of  o'25  kilowatt-hour. 
Even  so  it  is  preferable  to  avoid  the  use  of  the  oven  for 
^mall  operations,  such  as  keeping  dishes  hot,  if  it  is  not 
already  in  use.  For  this  purpose  the  author  has  found  it 
convenient  to  use  what  may  be  described  as  a  small 
portable  oven.  It  consists  simply  of  a  hood  of  tin  plate, 
preferably    double,   as   shown   in    Fig.    i,    which   can   be 


Fig.  I.—"  Portable  "  Oven. 

placed  over  any  hot-plate  as  a  heating  element.  It  is 
provided  with  a  low  metal  stand  and  deflecting  plate  so 
that  the  heat  is  not  excessive  near  the  hot-plate  ;  or  an 
asbestos  sheet  may  be  used  to  give  protection.  As  a  rule, 
a  hot-plate  has  already  been  in  use,  and  can  then  be  con- 
veniently employed  for  heating  this  oven  with  or  without 
current,  depending  on  the  temperature  desired. 

It  is  desirable  that  an  oven  should  heat  up  rapidly, 
partly  because  this  is  more  convenient  and  partly  because 
it  is  more  economical.  Thus  the  heating  elements  should 
be  so  made  that  they  become  effective  as  soon  as  possible 
after  they  are  switched  on.  Moreover,  an  ample  input  is 
desirable,  because  it  is  cheaper  to  have,  say,  3  kilowatts  on 
for  10  minutes  than  2  kilowatts  for  20  minutes.  In  other 
words  the  heating  up  should  take  place  so  rapidly  that  the 
heat  losses  have  not  much  time  to  take  effect,  after  which 
the  input  can  be  reduced  simply  to  supply  these  losses. 
For  these  reasons  the  time  taken  to  reach  a  temperature  of 
300°  F.  should  not  exceed  10  minutes. 

Similarly,-  hot-plates  sliould  heat  up  rapidly. 

Some  Points  in  Design. 

The  points  in  design  to  which  the  author  wishes  to  refer 
are  chiefly  concerned  with  safety. 

As  engineers  we  sometimes  fail  to  realize  how  dangerous 
the  layman  may  render  a  piece  of  apparatus  which  to  the 
engineer  seems  perfectly  safe.     Take,  for  example,   the 
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ordinarv  w^Uplui*.  Il  ac^iii't  vtfc  riiuu)*h.  Yrl  i>llic-i« 
tike  Ihr  4Ulhor  hiini>cll,  tuvr  proltahly  kccii  it  ^ia>|Mrd  iii 
Mich  a  M«y  lliat  the  i'iii|'rr%  luiiic  uii  to  titc  puis  a»  the 

pll:.  .>ll.         U    4    C(N>I>     UlltldlUWs    4    plU(>    ill    ihia 

«k.>  II    i»    4Ci.'onip4iiir<i    t<v  U(>lli^    uhic'h   tlo 

nt :  i   ihc    a(1v4iii4^t-'>   oi    ilciiiK    iix'kiiij;,    jiul 

till  c   OHik    lIKiy  Ircl  t.li4iy  uIhiiiI    Ii.iii<IIiii(;  »uch 

licvicc^  Il  nuy  Ix-  >>l<ji-cictl  iluit  pUl);^  -tliouKi  l>c  uu 
ncccMory  iii  the  kitchen.  Acccv-ory  uppantiu*  i>.  how- 
ever, often  deurcil.  4nd  then  4  plu^  circuit  i>  inevitable  . 
and  in  any  case  piun^  are  rri|uiic(t  for  r4>lialur>.  I'lut;i> 
ire  sometimes  provided  with  ^hicUli,  which  |>ive  some 
protection.  The  author  lhinL>,  liowrvei.  Ilul  it  wuuM  l>e 
more  sati»f 4Clory  to  tit  4  meul  1  in^  round  the  socket  ^4s 


^^L_, 


A:::B2^Xtr.':?::: 


v 


■■■"£ 


Vui.  ;.— Prolection  at 
Socket  >. 


l-ii..   ,.— Soikcl  with  Exp<JMd 
Terminals. 


in  Fig.  ;)  so  that  the  pins  arc  not  exposed  so  long  as  they 
are  alive.  This  ring  should  prelerably  be  earthed. 
Another  method  is  to  interlock  the  pluj;  with  a  switch, 
but  this  cannot  well  be  done  where  dillerciit  heats  arc 
required.  A  new  type  of  plug  giving  tiie  desired  protec- 
tion has  recently  been  placed  on  the  market,  but  the 
ordinary  plug  with  hand-shield  of  suitable  design  is  not 
readily  obt unable,  apparently  because  the  average  wiring 
contractor  is  unwilling  to  pay  the  price.  Another  point 
is  that  the  hve  iiictul  of  the  socket  fi-r  the  reception 
ol  the  pins  of  the  plug  is  often  brought  nearer  to  the 
surface  than  is  necessary,  and  can  be  touched  by  persons 
w.'ien  cleaning. 


1) 

J—- 


-!w>--w*i 


Fig.  4. — Socket  with  Spiral. 


FlO.  5. — Protection  <>( 
Pins  by  Housing. 


It  is  noticeable  that  live  metal  is  exposed  somewhat 
heedlessly  at  times.  As  an  example  we  may  take  the 
socket  illustrated  in  Fig.  3.  In  many  ways  it  is  excellent 
and  is  used  considerably  on  Hat-irons  and  similar  apparatus. 
The  l^>dy  consists  of  porcelain,  in  whicli  the  brass  sleeves 
.\  arc  held  by  screws  B  ;  the  latter  clamp  the  llexible  wire 
and  at  the  same  time  hold  the  sleeves  in  position,  but  the 
holes  arc  not  closed,  and  thus  live  metal  is  exposed.  The 
author  is  not  aware  that  any  trouble  has  arisen  from  this 
arrangement  so  far,  but  he  doulits  if  terminals  of  opposite 


IxiUiitv  wiHild    be  ei|«okcd    about  an  inch  apail  in  any 

othei    iHanch  i-'   - '-    '   ^•.  —  V 

A   similar    a> 
Itciiig  foi    . 
with   A    •■ 


■-  n  in   Fig.  4,  Ibe  yocket 

.    ■    1 


liixitl  ol   Itie   - 

'  which    i>   qui'.  ,  ,  , 

stripped  end  if  the  riexibie  i>  put  in 
'-     ilive.     Thi»  ituy  not  much  niai 


^  It  r 


it  used  on,  ksy,  a  dining  ruoin  table,  but  it  is 


kitchen. 

In  portable  utensils  the  pins  are  often  exposed  so  that 
live  metal  is  exposed  when  the  socket  is  in  position,  al 
least  if  it  IS  not  pushed  honie.  It  is  desirable  that  these 
pins  should  be  housed,  as  indicated  in  Fig.   %. 

One  of  the  troubles  with  llcxiblc   u 
way  in  which  ordinarv  qii.ililH--  hri-  ik 
continually  subjected  t^    ' 

matter  to  the  engineer,  w  1 

few  minutes  :  but  to  the  layman  it  is  annoying,  for  he 
cannot  put  the  matter  right  without  calling  in  assistance — 
which  means  delay  and  a  bad  advertisement  for  electrical 
methods.  In  what  follows  reference  is  made  to  tle\;l  Ic 
wires  for  portable  apparatus,  such  as  electric  irons,  kcllU  v 
etc.  (not  for  kitchen  apparatus  for  which  some  type  of 
armoured  conductor  wouM  be  used). 

It  becomes  evident  that  many  of  the  usual  twisted 
lloxible  cords  are  unsuitable  for  this  class  of  work,  and  thai 
special  types  should  be  used.  These  are  now  becoming 
avaiLible.  In  seeking  to  meet  this  need,  cable-makers 
seem  to  be  following  two  opposed  methods.  The  tirsi  is 
to  make  the  flexible  wire  so  that  it  bends  ver\'  easily  and 
will  therefore  adapt  itself.  The  sewnd  is  to  make  the 
•I'  \  I'le  wire  rather  stifler.  sq  that  any  bend  will  be  less 
-:  I  ;'.  The  author  is  inclined  to  think  that  the  latter  is 
the  better  alternative  because  the  breaking  of  the  copper 
strands  depends  on  the  sharpness  of  the  bend. 

In  order  to  test  the  suitability  of  flexible  wires  for  Ibis 
class  of  work  the  author  has  recently  subjected  a  number 
of  samples  to  a  bending  test.  The  machine  for  applying 
this   test    Is   shown    dia.  ally  in    Fig.   f>      In  this 

arrangement  a   loop  of   ■.  n:  wire.  A   under  test  is 

clam|'>ed  to  a  board,  H,  by  a  claiiip.  C.  ai  ".lade 

to  Oscillate  on   linife  edges,  D,  which   r  .ation 

of  the  edge  of  the  board  where  the  flexible  wire  is  clamped. 
To  the  loop  is  suspended  a  weight,  K,  of  1  lb.,  and  the 
suspending  wire  is  carried  between  guides,  F,  so  as  lo 
prevent  swinging  of  the  weight.  The  board  is  connected 
hv  a  rod  to  a  crank.  G,  the  wheel  of  which  is  driven  by  a 
lor.     This   wheel   is   tilted  w  By 

:s    the   lH>ard   is  «j>ven   in  o-  iieiil 

.lis. Ill  ilic  vertical  t'  c  ol  by.  \ible 

i~  bent  first  in  one  .     :   then  in  :  In 

this  way  eight  samples  were  te^tc^i  at  a  time. 

The  circuit  to  the  motor  is  carried  through  all  the  flexible 
wires  and  the  two  cores  of  each  wire  are  connected  in 
<eries,  so  that  the  motor  automatically  stops  whrn  one  of 
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the  cores  of  any  flexible  wire  f;iils  at  either  end  of  the 
sample.  It  would  no  doubt  be  better  to  have  the  oscilla- 
tion through  i8o»,  but  a  larger  angle  than  85°  could  not  be 
obtained  without  using  more  complicated  apparatus.  It  is 
evident  from  the  results  here  given  that  the  smaller  angle 
prolongs  the  test  unnecessarily. 

Since  the  edges  of  the  board  B  and  the  clamps  C  are  on 
the  same  level  when  the  former  is  vertical,  the  same  part  of 
the  flexible  is  sultjccted  to  bending  whichever  way  the 
board  is  inclined  to  the  vertical.  With  a  perfectly  flexible 
cord  there  would  be  no  vertical  movement  of  the  weight, 
but  the  stifi'er  the  cord  the  greater  the  movement.  It 
seemed  desirable  to  have  some  measure  of  the  flexibility, 
and  for  this  purpose  a  length  of  each  cord  was  allowed  to 
hang  over  a  right-angle  corner  to  the  extent  of  18  inches 
with  a  weight  of  4  oz.  attached  to  it,  and  the  deflection 
from  the  vertical  at  a  depth  of  i8  inches  was  taken  as  a 
measure  of  the  inflexibility.  This  is  indicated  in  Fig.  7,  in 
which  a  is  the  deflection  measured.  From  being  coiled 
up,  cord  is  liable  to  have  a  certain  set  imparted  to  it,  and 


electrically,  lasted  infinitely  better  than  No.  2,  notwith- 
standing the  rather  greater  flexibility  of  the  latter.  It  seemed 
possible  that  this  resuK  might  he  explained  by  some 
difference  in  the  meclianical  qualities  of  the  copper,  and 
therefore  lengths  of  Nos.  2  and  3  were  taken,  the  con- 
ductor was  carefully  freed  from  insulation  and  the  con- 
ductor of  70/40  S.W.G.  in  each  case  was  tested  with  4  oz.  (a 
previous  trial  showed  8  oz.  to  be  too  much).  The  results 
are  given  at  the  end  of  the  table  (Samples  8  and  9),  but 
show  very  little  difference,  there  being  a  small  advantage 
in  favour  of  the  conductor  of  No.  2,  the  weaker  flexible 
cord.  Again,  the  more  robust  flexible.  No.  4,  which  was 
supplied  for  use  with  an  electric  iron,  did  not  test  out  so 
well  as  No.  3. 

As  often  happens  in  such  tests,  the  results  are  rather 
contradictory.  Thus,  Sample  5  had  been  found  by  the 
author  to  be  unsatisfactory  in  actual  use,  yet  it  tested  up 
quite  well.  This  may  be  due  to  want  of  uniformity  in  the 
flexible  vi-ire,  which  is  noticeable  in  many  of  the  tests.  For 
example,  one  end  of  Sample  5  lasted  much  longer  than  tlic 
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Fig.  6. — Arrangement  for  Testing  Flexibles. 
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Fig.  7. — Flexibility  Test. 


therefore  two  measurements  were  taken — one  in  the  sense 
of  the  set  and  one  contrary  to  it — and  the  mean  was 
regarded  as  a  measure  of  the  inflexibility. 

The  load  on  the  flexible  was  originally  made  8  oz.  (or 
4  oz.  per  side)  but  after  running  for  75,000  complete  bends 
(i.e.  backwards  and  forwards)  without  a  failure,  the  weight 
was  increased  to  i  lb.  (or  8  oz.  per  side  of  loop)  to  hasten 
the  process.  Thus  all  the  figures  are  not  quite  comparable. 
The  weight  of  i  lb.  was  changed  to  8  oz.  when  either  side 
of  a  sample  had  completely  failed.  The  results  obtained 
are  shown  in  Tables  4  and  5,  the  former  referring  to 
ordinary  flexible  wires  and  the  latter  to  flexible'  wires 
specially  made  for  portable  apparatus.  The  flexible 
wires  are  given  in  the  order  of  total  cross-section  of  con- 
ductor and  the  cores  are  numbered  i,  2,  3,  4  ;  Nos.  i  and  2 
being  together  at  one  end  of  the  sample,  and  Nos.  3  and  4 
at  the  other  end.  By  "  maximum  diameter ''  is  meant 
the  diameter  of  the  hole  through  which  the  flexible  will 
pass. 

From  the  user's  point  of  view,  both  the  diameter  and 
the  inflexibility  should  be  small.  Referring  to  Table  4 
(ordinary  flexible  wires),  sample  No.  i  was  smaller  in  the 
conductor  than  would  generally  be  used.  Samples  2  and  3 
are  similar  in  general  character,  and  it  is  rather  remarkable 
that  No.  2,  which  should  be  stronger,  lasted  a  shorter  time 
than  No.  i  ;  also  No.  3,  which  appeared   to   be   inferior 


other  end.  This  particular  sample  was  taken  from  flexible 
wire  which  had  been  in  use  for  about  10  months,  but  the 
part  selected  had  not  been  subjected  to  hard  treatment. 

Sample  6  is  ordinary  "  Association  "  flexible  wire  by  a 
well-known  maker.  Except  for  one  of  the  four  possible 
breaks,  this  gave  a  remarkably  long  life. 

Workshop  flexible  wire  (No.  7)  lasts  well — in  fact  better 
than  an  armoured  type  (No.  17) — but  is  too  inflexible  to  be 
convenient. 

With  regard  to  the  special  flexible  wires  shown  in 
Table  5,  these  have  mostly  larger  conductors  than  the 
ordinary  flexible  wires  ;  and  they  have  larger  overall 
diameter  and  less  flexibility.  Many  are  circular.  Although 
the  circular  type  has  the  advantage  of  better  shape  for 
mechanical  wear,  from  the  electrical  point  of  view  this 
form  has  the  disadvantage  that  if  one  conductor  fails  there 
is  greater  chance  of  a  short-circuit  to  the  other  conductor 
than  with  twisted  twin  conductors.  This  accounts  for  the 
lack  of  detail  in  some  of  the  tests  {e.g.  No.  13).  It  will  be 
noticed  that  Nos.  11  and  13  did  not  give  such  long  tests  as 
some  of  the  ordinary  flexible  wires.  The  larger  flexible 
wires  (such  as  Nos.  14,  15,  and  16)  are  scarcely  comparable 
with  the  others,  being  much  larger.  No.  17  appeared  to  fail 
through  failure  of  the  wire  braiding,  which  thus  allowed 
more  severe  bending  at  this  particular  point.  In  the  case 
of  Sample  18,  the  length  supplied  was  too  small  to  form  a 
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loop  :  it  w»»  Ihcrrfore  trttwt  firrt  s(  onv  < 
the  uthrr.     When  all  poinit  arc  lakcii  iir 

S»l:,     ■ 
Oil 


I  Itui  It  U 


Tahlk   4.— Tmw  or   Kluxihik   WiHKk.    OrJimary  fUtihIt  Wire*. 


Ku 


I>n(t1|>uaa 


N... 
•m4  Uau^ 


M.I 


L'nknowii     l»i>ini    imim.       K-tch 
CaJ\cr(^d     wKti     Olic 
'       colloii,     tlii-li      »  ■' 
luMtcr  and  Mik  ' 

Twi^trtl  twill.  1 
I. '\  CI  111  with  (V 
CultoU,    tllCI!     >  

aiid     silk    I  Insulation 

rciiiovablr    \\ ^alty 

Iai^ioI     twin.      h^ch    coiuluctoi 

(.Mvircil    with    one     lappinf;    of 

I      cuttun,   then   vulcanized    riibhci 

I      and    silk     braiding.      Insulation 

easily   removable 

Twisted  twin.  Supplied  for  use 
with  electric  iron.  Kach  con- 
ductor covered  with  one  lapping 
of  cotton,  then  with  vulcanized 
rubber  and  cotton  braiding 

Twisted  twin.  Supplied  for  use 
with  electric  iron.  L'nsatisfac- 
tory.  Tested  after  about  10 
months'  use.  l!lach  conductor 
covered  with  one  lapping  of 
cotton,  then  three  lappings  of 
pure  rubber,  a  lafiping  of  cotton 
and  cotton  braiding 

Twisted  twin.  Each  conductor 
covered  with  one  lapping  of 
cotton,  then  two  lappings  of 
pure  rubber,  two  lappings  of 
cotton  and  silk  braiding 

Circular  "  workshop. "  Kach  con- 
ductor covered  with  one  lapping 
of  cotton,  then  pure  rubber  and 
vulcanized  rubWr.  The  two 
cores  twisted  together,  made  up 
with  woniiings,  braided  and 
compounded 
Unknown    Copper  conductor  of  No.  2 


Copper  conductor  of  No.  3 
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40/36 


40/36 
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j  No.  I— J73  ) 

I     ..    3— -3>  f    8  oz. 
„    4—231  ) 


■'     ,^      with 

No  failure  up  to  708 
with  h  01. 


70/40 
70/40 


Too 
inflexible 

for 

inra:>ure- 

ment 


_  Right...    464) 

!  Left    ...    b3i  r  «-iih 

—  (40*. 

Average  5  43  ) 

—        1  Right ...     4  46  » 

'  Ldt    ...    o  15  r  with 

(40* 

,    Average  5-30  I 


noi  ~o  good  as  the  ordinary  flexible  wire  No.  6  of  Table  4. 
On  the  other  hand,  if  so  great  flexibility  is  not  required 
ail''  'c,  the  construction  of  Sample  1  is 

cv:  -d.     Being  armoured,  It  Is  obviously 

a  '.  lor  electric  radiators. 

I  is  apparent   from   these  tests  that 


flexible   wire    suitable    for    portable   appar.i 
capable    of    bearing     ioo,o<.«)    complete 
breaking. 

In  practice,  flexible  wires  often  hrt-jk  where  they  br. 
kinkcil  and  where  tl 
an  apparatus.   To».\-.. - , 


480 


COOrER:    ELECTRIC   COOKING. 


Table  5.— Tests  of  Flexible  Wires.    Special 

Flexible  Wires. 

Contlnctors 

Max. 

Inllcxiliilily 

No.  of  Coinplc-tc  Bend» 

No. 

Maker 

Description 

Total 

Diameter 

(Dcllccllon 

for  Failure 

No. 

Cross-section 

In  mm. 

in  mm.) 

(in  Tiiousands) 

.niid  Gauge 

of  Copper 

(Sq.  in.  X  1,000) 

lO 

C 

Circular      twin.       Kacli      conductor 
covered    with    a    spiral     layer    of 
paper,    tlicn    one    layer    of     pure 
rubber  and   two   layers  of  vulcan- 
ized rubber.     The  two   cores   laid 
up  circular  with  cotton  wormings, 
then    braided    with    glace    cotton 
and  finallv  armoured  with  a  spiral 

34/40 

0-61 

7 

52 

No  failure  up  to  995 
with  8  oz.    I'liis  75 
with  4  oz. 

II 

A 

segmental  brass  wire 
Twisted  twin.     Each  conductor  con- 

18/36 

0-82 

6 

18 

No.  I-  S-of  ^"'^^ 
»    3     45  2          ijj^ 

sists   of   three   8-mil    tinned   steel, 

copper  + 

round  each   of   which   arc  twisted 

3/o'oo8" 

six  No.  36  tinned  copper  wires,  the 

steel 

■.   4-45-5  [    ^^,, 

wliole    spiralcd    together.       Each 

conductor   covered    with    one   lap- 

ping   of    cotton,    then    vulcanized 

rubber,  one  lapping  of  worsted  and 

glace  braiding 

12 

Un- 
known 

Twisted  twin.     Similar  to  No.  ir 

18/36 
copper  -f 
3/0-008" 

steel 

0-82 

6 

18 

No.  I — 125  ) 
„    2 — 169  (     with 
»    3—  88  f    8  oz. 
„   4—104) 

13 

A 

Circular  twin.     Conductor  similar  to 

18/36 

0-82 

6 

23 

Total  failure  at  about 

No.  II.     Each  conductor  covered 

copper  -|- 

192  with  8  oz.  Pliii 

with   one   lapping   of    cotton    and 

3/0-008" 

75  with  4  oz. 

vulcanized  rubber.     The  two  cores 

steel 

laid     up     circular     with     worsted 

wormings,   then   worsted    braided 

and  glace  braided 

f     ,.,:ft. 

14 

E 

Twisted  twin.    Conductors  of  braided 
tinned   copper   wires.     Each   con- 

48/38 

1-07 

11 

17 

No.  1—458 
.,    2—506 

8  oz. 

Plus  75 

with 

ductor   covered    with    special    vul- 

„   3—276 

canized  rubber,  then  braided  with 

„    4—306 

A   nv 

strong  black  twine 

^_       -T 

15 

E 

Circular  twin.     Each  conductor,  as  in 
No.  5,  covered  with  special  vulcan- 
ized rubber  ;    the  two   cores  then 
tw-isted  together,  wormed  circular 
with     cotton     and     braided     with 
strong  black  twine 

48/38 

1-07 

10 

34 

No  failure  up  to  995 
with  8  oz.    Plus  75 
with  4  oz. 

i6 

E 

Circular  twin.    Same  as  No.  15,  except 
that  cotton   wormings  are    cotton 
braided   and    braided  overall  with 
hard  white  cord 

48/38 

ro7 

11 

50 

No  failure  up  to  995 
with  8  oz.    Plus  75 
with  4  oz. 

17 

G 

Circular      twin.       Each      conductor 
covered  with  one  lapping  of  cotton, 
then  pure  rubber  and  a  lapping  of 
cotton.     Tlie  two  cores  twisted  to- 
gether,made  circular  with  wormings, 
braided  and  compounded.  Braided 
overall  with  tinned  steel  wire 

25/36 

I-I3 

7 

Too 

inflexible 
for 

measure- 
ment 

One  end — 258  with 
8  oz. 

18 

D 

Circular  twin.     Conductors  of  tinned 
1      copper.     Each  conductor  covered 
with  a  lapping  of  pure  rubber,  and 
then  vulcanized  rubber.     The  two 
cores  twisted   together  and   made 
circular  with  vulcanized  rubber 

11/30 

I '33 

9i 

Too 

inflexible 
for 

measure- 
ment 

One  end —        )     .,, 

about  33        \To^ 
Othcrend— 8s  j'*"^- 

/       until 

19 

F 

Twisted    twin.     Each   conductor    of 
tinned   copper  covered  with   pure 

40/36 

i-8i 

6 

23 

No.  1—271 

,.     2—319 

8  oz. 

Plus  75 

with 

rubber,  then  with  vulcanized  rubber 

..   3— 1 10 

and  cotton  braiding.     Twisted  to- 

„  4—110 

A     C\7 

gether  with   a  dummy  supporting 

\         -T      

cord   made   up   of    a   cotton   core 

with  braided  covering 
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(irMrjl>)r,   4%  aliraiiv  poiiilrti   out,    ami    prutulUv    *    IhII- 

inuullicM  lut  '  •     .    .  |iiolci.'lii' 
aiid    (ui     pi.  ,'    tvriuU    V. 

cflcvlnc. 

Il     li     ItUi    Jll     UIU.     :,    ::     II     ihlllK    lO     kCC     lullg    Icllgtllk    o( 

rir&ililc  iMhic  lying  atxmt  Itic  rioor>  o(  hou>r>  (ur  !>uppl> 
ing  r^tiialorv  In  ct>iir%r  u/  linir  llii»  flexible  cable  iiiu>t 
wear  and  evcniuallv  develop  a  fjull.  A»  a  rule  rj<lulor» 
are  filled  wilti  «ttitclie>  coiiIiuIIiiik  all  Ihe  healing  elr- 
nicnU.  Ihe  result  In-ing  that  the  lUxihle  wire  U  led  |H-r- 
in.i  ve      III    tlie    liiMilulioii  \Vi!  it    i> 

rev  >l  lli.ll  rjdutor>  should  Ih-  i...  .it  they 

can  only  be  pjrtully  cuntrolled  in  (his  way,  but  no  hec<l  i» 
geocndly  paid  to  thi>  very  desirable  rule.  Tliik  is  due  to 
ihe  wrong  idea  that  convenience  should  take  precedence 
of  safety. 

Eakthing. 

Il  u  generally  recoguued,  though  perhaps  rather  vaguely, 
that  electric  cooker*  should  be  earthed  so  as  to  ensure  ' 
inimunih*  from  shock.  Unfortunately  there  is  no  authority 
having  Ihe  power  to  enforce  such  earthing.  Possibly  in 
those  towns  where  Ihe  supply  undertaking  has  a  wiring 
dcparlnieni  Ihi^  jvirl  <>l  ihc  work  receives  proper  attention  ; 
but  in  1'  ij  is  carried  out  by  contractors, 

even  if  i  .  uned  on  hire  from  the  inunici- 

polily.  It  seems  that  some  supply  authorities  consider  that 
Ihe  wiring  is  not  a  matter  about  which  they  need  concern 
themselves,  the  result  being  that  no  earth  connection  is 
put  in  until  Ihe  cook  begins  to  complain  of  shocks.  This 
is  obviously  a  very  wrong  procedure.  The  station  engineer 
stiould  make  himself  responsible  for  the  earthing — indeed, 
he  should  go  further  and  see  tlut  it  has  been  carried  out 
effectively. 

It  is  to  be  feared  thai  in  many  casej  such  earthing  as  has 
been  put  in  is  not  really  effective.  For  example,  a  wire  is 
run  to  the  iron  case  of  Ihe  main  fuses  and  clamped  under  a 
screw.  This  may  or  may  not  be  effective,  or  it  may  give 
an  intermittent  earth.  There  is  no  question  that  the  earth- 
ing should  be  to  a  water  pipe,  and  that  the  ctTectivcness  of 
the  earthing  should  be  tested.  Moreover,  the  earthing  that 
is  put  in  is  often  of  the  Hinisiest  character,  and  will  prob- 
ably one  day  be  rcinovt-d  by  the  householder  or  decorator, 
as  being  due,  in  their  opinion,  to  some  foolish  mistake. 
Earthing  clips  and  wires  should  be  more  substantial  than  is 
generally  the  case.  Further,  the  author  feels  it  would  be  an 
advantage  if  such  clips  carried  a  red  metal  label  iK-aring 
the  words  "  Karth  Connection — Must  Not  Be  Removed." 

As  to  testing,  probably  the  simplest  method  is  to  apply 
the  pressure  of  the  main  to  the  surface  of  the  cooker 
through  a  fairly  high  candle- |>ower  carbon  lamp  (say 
33  cp.).  If  the  lamp  glows  as  brightly  as  when  placed 
across  the  mains,  the  earthing  is  satisfactory.  This,  how- 
ever, only  holds  good  if  one  side  of  the  system  is  earthed, 
and  it  is  rather  rough.  It  would  be  better  to  allow  a 
current  of,  say,  5  amperes  to  flow  through  a  resistance 
to  earth  via  ihc  eartlied  cooker  and  to  note  the  voltage 
acr<.'ss  the  resistance.  The  voltage,  if  Ihe  earth  connection 
Is  ).!  I  )  have  the  normal  ■•  . 

*  lines  sees  unearthc<i   .  .  apparatus  (sue 

as  hoi-plaies)  alongside  the  earthed  cooker.  Apparently  il 
is  luit  .ilways  realized  that  the  mixing  of  earthed  and  un- 


C4I  l[(C»l 

than    to 


an  I 
» 


-    ;-.  a.: 

elimination  lielween  apparatus  v,  .   be  uted  la  Ihe 

kitchen  and  that  which  ■'     i.   u-<.ii       ■'    -  rjrt>  .-f 

the   house   (nol    in   coi  Aiih   llic  I    ' 


tile  tlireepin  variety  with  carttie<l  connection  sliuuid  be 
usc<l,  and  leads  should  l>e  in  flexible  inrtoJ  l'>i  •>.'  i>'r 
utensil,     tubing,    and    plug    being    properly  1 

together.  Similarly,  tumbler  switches  with  mctji  ..vcis 
should  not  be  permitted  on  cooking  apparatus  except 
with  an  eaithetl  i' 

If  the   author  ni  a  suggestion  it  would  be  Ihat 

the  Louiictl  of  the  liislitulion  should  draw  up 
ciirthing  :  the  proper  methods  to  l>c  adopted,  .i:  •  . 

be  applied.  And  further,  that  they  should  go  so  far  at 
to  discriminate  between  apparatus  Ihal  should,  and  Ihal 
should  nol,  be  used  in  the  kitchen,  and  should  reconunend 
the  character  of  flexible  cords  to  be  used  f<  >  and 

similar  apparatus.     No  hardship  need  be  The 

author  feels  that  if  some  such  step  is  not  taken  a.  ! 

home  vigorously,  electric  cooking  will  suffer  rv...  , 

the  same  wav  as  electricity  in  mining  has  . 

want  of  e.irlier  control.     I'roper  material  ai,     ,, , ...    .» 

available,  but  control  is  necessary.  The  Institution  could 
effect  this  control  through  the  station  engineers,  who. 
as  members  of  the  Institution,  should  be  willing  to  co- 
operate. 

At  the  same  time  the  standardization  of  socket  c<vinec- 
tions  on  electric  irons  and  similar  apparatu- 
sidercd.     Manufacturers  should  realize  thai  :  _; 

to  be  gained  by  every  manufacturer  having  his  own  sue  and 
spacing  of  pins.  To  the  user  il  is  exasperating  to  have  to 
buy  a  particular  socket  connection  for  a  particular  piece  of 
apparatus. 


Tariffs  and  Maintenance. 

Although    the    author  does   not   wish   to  enter   into  a 
detailed    discussion    of    Ihe    well-worn    subject   of  tahfis. 
there  are  two  points  which  have  impressed  him  as  a  con- 
sumer.    The  first  point  refers  to  what  is  gener.i  < 
as  the  "  primary  charge."     Occasionally  the  c.                   ^ 
lortunale  enough  to  have  Ihe  offer  of  a  very  low  lial  lale. 
More   generally,    however,    the   tariff   involves  a   primary- 
charge  which  may  depend  on  Ihe  rateable  value  of  the 
house  or  upon  the  amount  of  lighting  and  plant  installed, 
and,  further,  a  secondary  charge  of  so  much  per  kilowatl- 
hour  consumed.    The  main  objection  to  the  rate  .' ' 
basis  Is  that  there  is  no  true  relation  between  .: 
and  '                           :isumed,  and  it  is  ii 
noil                               ^Is.    Neverfhc!.'--  :!  : 
1    IMjpulor   to  L 
..lue.     It  IS  desi: 
ne>s  which   we  do  nol  succeed  in  attracting  as  mcII  as  at 
that   which  is  brought  within  the  net— indeed,  the  former 
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is  much  the  more  iniporlant.  As  a  possible  consumer  the 
autlior  olijccts  to  paying  a  heavy  piiniary  charge  when  he 
may  be  using  only  a  cooker.  In  comparing  the  cost  of 
electric  cooking  with  coal  cooking  this  heavy  charge  may 
be  sufficient  to  deter  him  from  making  the  experiment 
with  a  system  ot  which,  as  a  householder,  he  has  no  first- 
hand experience.  That  is  the  attitude  that  must  be  borne 
in  mind. 

The  station  engineer  may  reply  : — 

(i)  That   the  primary  charge  takes    care    of  the  maxi- 
nuini  demand  (fixed  charges)  of  the  lighting  ;  or 

(2)  That    the    primary    charge  takes    care  also   of  the 

maximum  demand  of  the  heating  and  cooking. 

(3)  That  water  is  supplied  on  an  assessment  basis  ;  or 
{4)  That   a  man   who  has  a  high  assessment    deserves 

to    pay   more   for    his    commodities    than    other 
men. 

That  the  primary  charge  provides  for  the  fixed  charges  of 
generation  for  the  lighting  load  is  a  fair  basis  on  which  to  go. 
In  that  case  it  should  bear  some  relation  to  the  maximum 
lighting  load.  During  the  last  few  years  many  station 
engineers  have  complained  that  the  lighting  load  vi'as  much 
reduced  through  the  use  of  metal-filament  lamps ;  yet 
there  seems  to  be  no  tendency  for  the  percentage  charged 
on  the  rateable  value  to  be  reduced.  For  example,  at 
Norwich  the  charge  is  12  per  cent,  the  same  as  it  was 
six  years  ago. 

That  the  primary  charge  provides  for  the  fixed  charges 
of  generation  for  the  heating  and  cooking  load  as  well  as 
for  the  lighting  load  is  obviously  fallacious  if  reliance  is 
placed  on  a  fi.xed  percentage.  If,  say,  12  per  cent  is 
correct  for  a  single  cooker,  it  cannot  be  also  correct  for  a 
cooker  plus  half-a-dozen  radiators. 

That  water  is  supplied  on  an  assessment  basis  for 
domestic  purposes  is  a  poor  argument,  because  this 
supply  does  not  carry  with  it  any  secondary  charge. 

That  a  man  who  has  a  high  assessment  deserves  to  pay 
more  for  his  commodities  than  other  men  is  a  contention 
more  worthy  of  a  highwayman  than  a  civilized  engineer. 
It  is  sometimes  said  that  the  prices  of  other  commodities 
vary  with  the  assessment.  This,  however,  is  a  confusion 
of  ideas.  Prices  vary  with  the  locality,  but  if  A  and  B  live' 
side  by  side  in  houses  of  different  rateable  values,  the 
tradesman  does  not  adjust  his  prices  accordingly  in  serving 
these  two  customers. 

If  the  assessment  basis  is  found  to  be  generally  expedient 
then  the  author  would  suggest  that  the  rateable  value 
should  be  treated  as  an  elastic  quantity,  subject  to  the 
discretion  of  the  engineer.  It  is  obviously  absurd  that  a 
consurr°r  should  be  made  to  pay  a  larger  primary  charge 
than  is  necessary  simply  because  he  has  a  garden.  It  is 
not  business.  The  engineer  should  remember  that  a  high 
assessment  probably  carries  a  higher  load  factor  with  it, 
and  he  should  therefore  try  to  meet  the  consumer  as  far  as 
possible  on  the  primary  charge. 

The  author  thinks  it  would  be  an  excellent  thing  if  all 
station  engineers  were  compelled  to  employ  electric 
cooking  exclusively  in  their  homes  and  also  to  pay  for  the 
energy  so  consumed.  This  would  not  only  familiarize 
them  with  the  apparatus,  but  would  show  them  the 
defects   of    some   of   the    tariffs   that   they   try  to   inflict 
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Fig.  8. — A  Week's  Record  of  Cooking. 

on   other  people.     The  engineer  should  at  least  try  the 
medicine  that  he  himself  prescribes. 

The  second  point  that  has  impressed  the  author  is  the 
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Ihc  |'<hmI  I>h  llic  »iaui>ii  :  il  iiirjii*  »  In^lirr  liud  tucun  .nwl 
for  llul  rriMMi  lllcll(^  J  lourr  (Mice  jfirr  a  critjiii 
qiuintiiy  of  cicctiical  ciiri^v  |>cr  kilowjil  has  twni 
con»um<^.  In  ihr  o»c  hccc  iiii>cuv>r<i  kome  of  the 
buiflf>  III  UM  by  «.'cii4iii  incinb<rr>  of  Ihc  Point  Five  A^m)- 
A  i     litllc    <li':  III    Ihc 

.  coal.     '1  ^uiclv 

an  III. 

A.  ml  cloM-ly  conncctrd  willi  I.iriffs.  prrliapv    . 

word  m.iv  Iht  vaid  here  on  Ihc  iuhjcvt  of  ii  o.     In 

»uch  4  subject  as  electric  cookini;,  coiisuU  .  ...^  ..:  short 
cxpcricncr,  it  may  be  a  little  difKcult  to  form  an  accurate 
opinion  on  the  cu'>l  of  maintenance.  In  the  case  of  the 
cooker  to  which  rcfciciicc  is  here  made,  over  a  period  of 
13  <  'iM'Cti   no  defect  and   Ihc   (;iill  oiilv 

j;a\>  The  author  i>  inchiietl  to  lliiiik 

that  Uu  -t  vulnerable  part  of   an   c 

mcnl.     I  ^1  may  ultnnatclv  Ikt,  iim  •■■■■ 

anc«  is  a  subject  of  vital  importance  to  the  consumer.  II, 
&ay,  a  hoi-plate,  or  an  oven,  goes  wrong,  the  consumer  docs 
uot  like  to  be  kept  a  week  or  more  for  the  repair  to  l>c 
made.  Moreover,  he  would  like  to  know  quite  derinitely 
how  much  the  maintenance  is  going  to  cost  him  per 
annum.  It  seems  to  the  author  that  in  a  question  which  is 
of  equal  im|K>rtancc  to  the  station  engineer  and  to  the 
manufacturer  there  should  be  co-operation  lH.-twceii  the 
two.  The  manufacturer  should  be  prepared  to  quote  a 
reasonable  figure  for  maintenance.  It  may  very  possibly 
cost  him  more  than  this  amount,  but  he  is  still  seeking 
experience  and  he  should  be  prepared  to  pay  for  it.  The 
station  engineer  on  his  part  is  anxious  to  keep  the  con- 
sumer satisfied.  He  should  therefore  be  prepared  to 
car  maintenance  on  behalf  of  Ihc   manufacturer 

at  I  cost  price  ;  but  the  manufacturer  should  not 

cxpeci  more  ihan  this.  It  is  obviously  much  easier  for  the 
station  engineer  to  carry  out  these  minor  repairs  than  for 
the  manufacturer  or  his  agent  to  do  so,  and  such  an 
arrangement  could  be  made  without  the  engineer  being 
bound  to  any  particular  type  of  apparatus.  The  author 
bc'i>  :  some  small  move  has  already  been  made  in 

thi~  but  by  no  means  adequately. 

Diversity  Factok. 

There  arc  still  some  station  engineers  who  think  th.tt  llic 
divcrsity  factor  of  a  cooking  load  is  not  high.  On  the 
other  hand,  it  is  sometimes  stated  that  the  diversity  factor 
is  as  high  a->  m.  This  figure,  however,  is  l>ased  on  the 
maximum  p  I  of  the  apparatus.     It   is  therefore 

not  the  true  '  !.ictor,  and  is  liable  to  cause  confu- 

sion. In  small  apparatus  it  may,  perhaps,  be  correct  to  lake 
(he  maximum  possible  as  being  equal  to  the  consumer's 
maximum  demand,  but  in  larger  types  it  would  seem  more 
reasonable  to  take  the  consumer's  maximum  as  being  about 
75  per  cent  of  the  maximum  possible.  This  is  sup)K>rted 
by  the  records  given  later.  Thus  the  figure  of  20  would 
drop  to  ii;  which  means  that  the  load  factor  of  the 
in<!:  ;er  is  under  7  per  cent. 

I.  ircd  to  at  the  beginning  of  this   papei 


diversity  factor  cai 
<livci     •■    '      •    •    of  II. .^ 
nut  I  than  10.  I 

hguic.     1 
llie   »mal 


numf>er  01  consumers.      Uwing  lu  a  ucJi  ul   aj  ; 

of  these  principles,  people   Mjiuelinics  talk  ul   1..., c 

load  factors  of  over  luo  per  cent. 

The  alwve   remarks   are    supported    by  rr      -  '     -.vhich 
Ihc    author    has    taken     and    which    ore  I    to 

Fig.  8.     It  is  evident    I: 
desirable  kind,  for  it  i^ 
Jay.     Apart  from  this,   Imu    lliings    oic    ii< 
iirst    is   that    the    consumption    in    any  pui 
varies  considerably.     For  example,  if  the  meter  rcadiogk 
arc  noted  three  times  a  day  at  regular  hours  it  is  found 
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Ti«e 
Kni.  Q  — Ci<inpc>>itc  Curve  of  Records  in  Fig.  K. 

that  the  amount  consumed  in  any  one  of  those  inter\-als 
varies  considerably  from  day  to  day.  The  second  point 
is  that  the  character  of  the  load  varies  from  day  to  day. 
Consequently  the  combined  loads  of,  say,  half-a-doten 
consumers  of  this  precise  tvp'c  would  i;ive  a  much  better 
cuivc  than  any  of  the  curves  in  1  ■ 
because    the   "  Tuesday "    of    one 

'•  F'ridav  "  of  another.  Some  vague  idea  ol  ilns  aucisjiy 
mav  be  gamed  by  combining  the  curves  for  one  week. 
This  lias  l>een  done  approximately  in  Fig.  <>,  which  is  the 
composite  or  average  curve  of  those  in  F'lg.  8  based  00 
lo-miiiulc  plottiiigs.  It  is,  of  course,  only  roughly  correct, 
but  it  shows  clearly  the  individual  diversity  ol  >. 
Iiaving  the  same  daily  time-table.  Actually  Uk 
vvouM  l>e  greater  owing  to  different  houses  having  a  dU- 
fcreiil  Iniulable. 

When,    111    addition,    we    remember    the    di\ 
different   classes   of   consumers   U    becomes  e\r 
the  cooking  load  is  one  that  is  very  desirable.     Fiuihef , 
there  is  the  important  point  that  the  lighung  peak  and  the 
cooking  peak  do  not  appear  to  coincide,  as  »-a.s  shown  in 
.  .      by  a  diagi.iin  in  Sir   1  -      ■ 

..dress,*      rill- IS  a|s*i  e\ 
iii>iaiii.c    lioui    Fig.  9.      '  "^iu 

(i.>i  p.m.  to  8  p.m.  Is   I 

•  jMomsl  I.K.L.  wl.  S).  p.  I.  141$-  ^ 
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Conclusion. 

Briefly  it  m.iv  be  said  th.it  electric  cooking  appeals  to 
the  consumer  because  it  gives  better  results  than  witli  otiier 
methods,  and  it  may  do  not  a  litlle  towards  tlie  solution  of 
what  is  known  as  the  "  servant  problem."  Kqually  it  slioukl 
appeal  to  the  station  engineer  because — 

(1)  The  combination  of  high  diversity  factor  and  fairly 

good    individual    load    factor   gives    a    liigh    load 
factor  on  the  mains. 

(2)  It  is  a  load  which  falls  off  very  little  in  the  summer 

time. 


(3)  On  present  tariffs  the  consumer  can  do  more  with 
electric  cooking  than  witii  electric  heating  for  a 
given  annual  expenditure. 

In  conclusion  the  aulhor  would  express  the  hope  that 
these  notes  m.ay  induce  station  engineers  to  pay  more 
attention  to  cultivating  tlie  cooking  load  in  general  and  the 
larger  class  of  cooking  consumer  in  particular.  Electric 
cooking,  as  a  load,  should  be  a  v.iluable  asset  to  the 
central-station  engineer,  and  any  criticisms  that  the  author 
has  here  made  arc  merely  put  forward  in  the  desire  to 
make  a  good  thing  still  better. 


Discussion  bep'oke  The  Institutiox,  u   March,  1915. 


Mr.  G.  WiLKixsox  :  The  first  matter  I  should  like  to 
mention  in  connection  with  the  paper  is  its  title.  I  do 
not  know  that  tlie  members  of  this  Institution  are  particu- 
larly well  qualified  lor  discussing  the  paper  from  the 
consumer's  point  of  view.  On  the  first  page  the  author 
mentions  electric  water  heating  and  makes  a  timely 
reference  to  the  question  of  tariffs.  I  suggest  that  central- 
station  engineers  have  been  rather  too  careful  on  this 
matter  of  tariSfs.  A  commercial  man  who  is  endeavouring 
to  place  a  new  commodity  upon  the  market  docs  not  say 
to  him^elf :  How  much  will  this  cost  me  to  make  per  gross  ? 
and  fix  his  selling  price  accordingly.  He  is  quite  ready  to 
sell  for  the  first  12  months  with  little  if  any  profit,  and 
possibly  at  a  loss.  He  vi'ill  assess  his  probable  sales  in  the 
course  of  two  or  three  years'  time,  and  will  then  fix  his 
prices  upon  that  basis  at  the  outset,  standing  the  risk  in 
the  interim.  Supply-station  engineers  have  frequently 
made  a  mistake  in  fixing  tariffs  for  a  new  application  of 
electrical  energy  upon  their  costs  of  production  at  the 
moment.  Instead  of  that  they  ought  to  take  a  survey 
of  their  supply  area,  form  an  opinion  as  to  the  grovi'th  that 
will  take  place  in  the  course  of  two  or  three  years  due  to 
the  introduction  of  the  new  line  of  business,  and  if  they 
find  there  is  a  likelihood  of  increasing  their  output  by,  say, 
half  a  million  units  per  annum  for  that  particular  purpose 
they  ought  to  base  their  tariffs  from  the  outset  upon  the 
reduced  costs  of  production  which  will  accrue  when  the 
additional  half-million  units  are  being  supplied.  About  18 
months  ago  I  altered  my  house  very  considerably  and 
installed  electrical  appliances  throughout,  including  an 
automatic  water  heater.  The  last-mentioned  apparatus 
has  a  storage  capacity  of  12  gallons  ;  nd  a  maximum  output 
of  62  gallons  in  24  hours  ;  it  is  thermostatically  controlled, 
the  electric  current  being  cut  off  when  the  temperature  of 
the  water  reaches  180°  F.  I  used  tin-lined  pipes  and  a 
special  dustproof  cistern  ;  as  a  result  the  water  can  be,  and 
is,  used  for  drinking  and  cooking  as  well  as  for  bath- 
room and  wa>hing  purposes.  Six  persons  are  living  in  the 
house,  and  occasionally  a  visitor.  The  consumption  of 
electrical  energy  lor  water  heating  over  the  12  months 
ended  December  1914  averaged  12-8  units  per  day,  which 
represents  a  load  factor  of  approximately  50  per  cent. 
That  brings  me  back  to  the  sentence  on  the  first  page  of 
the  paper  :  "  Although  willing  to  supply  energy  on,  say, 
a  25  pir  cent  load  factor  at  ^  I.  per  unit,  he  (the  station 
enginec-r)  sees  a  diffiiulty  in  supplying  on  a  100  per  cent 
load  factor  at  Jd.  |  er  unit."     If  ^d.  a  unit  is  a  fair  price — 


and  I  think  it  has  been  proved  to  be  so  in  many  cases — for  Mr. 
a  25  per  cent  load  factor,  Jd.  is  certainly  a  fair  price  for  wiiWns 
a  50  per  cent  load  factor.  If  I  had  to  install  the  appa- 
ratus again  I  would  fix  a  25-gallon  heater  in  place  of  the 
i2-gallon  ;  and  instead  of  a  i  kw.  heating  element  I  should 
use  a  ^  kw.  one,  so  that  the  load  factor  would  be  100  per 
cent.  With  that  load  factor  a  fixed  price  of  4d.  per  day 
would  yield  a  handsome  profit  to  the  supply  station, 
because  if  the  consumer  uses  the  heater  continuously  at 
^  kw.  he  can  consume  12  units  a  day  only  as  a  maximum. 
It  is  a  great  convenience  and  advantage  to  be  able  to  draw 
water  at  180°  F.  at  any  time  night  and  day,  winter  and 
summer,  and  to  use  jt  if  necessary  for  drinking  purposes. 
The  author  subsequently  mentions  that  he  has  put  in  a 
coke  stove  which  keeps  the  water  on  the  simmer.  Coke- 
fired  heaters  furnish  much  more  water  than  can  be  used 
by  an  ordinary  household  ;  they  involve  extra  labour,  and  if 
water  is  kept  on  the  simmer  it  cannot  be  used  for  cooking 
purposes,  because  it  gets  a  very  nasty  taste.  The  water 
that  comes  from  the  heater  I  use  is  always  fresh,  and  if  a 
cup  of  tea  is  made  with  it  it  is  quite  as  good  as  if  the  water 
was  boiled  only  a  minute  or  two  before.  It  also  saves  the 
excessive  use  of  hot-plates  on  the  electric  cooker,  which 
we  all  know  are  very  inefficient.  I  should  like  to  mention 
what  is  called  in  the  north  a  "  set  pot."  At  the  time  I 
installed  the  above  apparatus  I  had  a  fairly  large  set-pot 
made  of  copper,  carefully  lined  to  prevent  radiation  and 
cooling  losses.  With  the  wooden  cover  upon  it  I  found 
that  to  make  up  these  losses  alone  required  no  less  than 
3  kilowatts,  so  that  I  had  to  give  up  the  idea.  Passing  on 
to  the  question  of  plugs,  in  view  of  the  increased  rating  and 
size  of  radiators  and  other  consuming  devices  I  think 
the  sooner  the  ordinary  wall  plug  is  done  away  with 
the  better,  except  perhaps  for  electric  irons,  because  it  is  a 
source  of  danger  and  always  a  nuisance  ;  there  is  a  general 
tendency  at  the  present  day  to  substitute  large  switches 
for  such  plugs.  Maintenance,  mentioned  at  the  end  of  the 
paper,  seems  to  me  a  very  serious  matter  indeed,  because, 
notwithstanding  all  the  progress  that  has  been  made  in 
electric  cooking  up  to  the  present,  I  think  it  is  not  in  such 
a  condition  that  central-station  engineers  can  recommend 
it,  without  qualification,  to  a  consumer.  I  look  upon  the 
electric  cooker  to-day  as  in  very  much  the  same  condition 
as  electric  heating  was  when  the  long  tubular  lamps  were 
first  used  on  radiators.  The  electric  "  fire  "  has  brought 
about  a  change  and  can  now  be  recommended  with  abso- 
lute confidence.     At  the   present   time,  however,  electric 
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coukcis    aitr    vjpdNc   ol    gtcM    iiitpiuvriiiciil,   and    llin 
nuinlcitjucc  i«  4  kcriouk  nullci.     In  my  uwii  C4>c  I  ha\L 
had  four  electric  oooliefk.     I  luvc  had   the   U«l  uno   (or 

iH  au>iitti>  uiih .  hut  one  o(  the  hutpUle*  luk  >lrcjdy  l>rt>Lcii 
duMii  lliui'  (iiiu->  4ud  x%  out  ul  utdrr  loiUv      IJl   Lotioc 
I  can  liavc  ii 
vonMimrr  il  \\ 

(<N   '  <>l-|<ulc  iiiriilv       1  lu( 

|>eli   ',  t>ul  I  4111     ,  c    It    wuulil   |M\ 

lite  iiianu(4clurer»  to  ^i\c  niurr  4tlcnii»n  to  thctc  dclaiU  in 
order  thut  the  com  and  inconvenience  of  maintenance  may 
nul  be  to  xctiou^  a»  they  are  at  |>reMrnl,  and  in  order  that 
uc  nuy  be  able  to  recommend  clrcIrK 
Name  wliolelieajted  Xk-ay  iii  uhicli  we  <.  . 
clecliic  rudiatoiv 
^[7^  Mr.  C.  H.  WohiilMiUltAM  :  This  paper  is  valuable  because 
in  it  Vb'c  have  an  ck-k.'tiicjl  cii^iiik.1  pUyiii^  the  pait  of  a 
consumer,  a  couibiiutiun  llul  i>  very  rare.  The  author 
enjoyed  the  advaiitat^c  oi  luviii);  a  careiul  cook,  but  it  is 
signilicant  that  he  found  it  necessary  to  keep  her  so  by 
nuking  her  life  easy.  Tbit  coik  p  eferred  the  elcctiic 
range.  That  is  very  satisfactory,  but  1  am  afraid  that 
electric  ranges  will  have  to  l<c  much  more  reliable  and 
tree  from  the  rcpair>  that  Mr.  Wilkinson  has  mentioned 
l<forr  t!uv  wi!'  >tand  the  ordinary  cook.  The  .lutlici 
vei  :>  out  the  >erK>u>  drawback  of  making; 

cxti..  -„ ..about  anything      I  believe  that  nothing 

will  retard  electric  cooking  more  than  claiming  for  it  what 
it  cannot  do.  I  have  always  been  verv'  much  surprised  at 
the  claim  made  that  electric  cooking  will  make  the  mc.it 
go  further.  1  think  the  author  has  probably  put  lll^  linger 
on  the  real  cxpl.in.-ition— that  cooking  at  loo  high  a  lem- 
peiature  is  what  cau»e>  the  loss  of  weight,  and  it  doc>  not 
matter  whether  the  cooking  is  done  by  electricity,  gas,  or 
coal  so  far  as  the  heating  agent  is  concerned  ;  the  advantage 
ol  electricity  is  that  it  enables  the  tempcr.iture  to  be  much 
more  readily  controlled.  One  very  important  |X)int,  which 
I  think  probably  militates  more  again>t  the  growth  of 
electric  cooking  than  anything  else,  is  the  question  of 
heating  water.  I  had  occasion  lo  go  into  the  question 
of  heating  water  in  connection  with  the  galleys  for  war- 
ships, and  I  luuiid  that  if  1  wanted  to  du  the  heating  of 
the  water  elecliically  I  should  require  more  power  than 
there  was  iu  the  ship.  1  am  firmly  convinced  that  unles» 
and  until  electrical  engineers  will  give  up  the  idea  of  the 
electrical  heating  of  water  for  baths,  etc.,  they  will  make 
no  great  progre5>  with  eicctric  cooking.  It  i>  very  much 
better  lo  lecogiu^c  the  limitations.  1  firmly  believe  that 
lor  ordinary  cooking  purposes  nothing  can  beat  electrical 
methods,  but  I  am  equally  convinced  that  it  is  very  difhcult 
to  beat  a  coal  stove,  or  prcfer.ibly  a  coke  stove,  for  heating 
water.  In  an  ordinary  house,  hot  water  is  a  great  ad- 
vantage, especially  if  the  hot-water  reservoir  is  fixed  in  the 
bathroom,  since  the  heat  lost  by  radiation  is  i\c  '  _'Iv 
Useful.     Consumers  do  not  want  to  have  to  be  >  il 

in  the  hot  water  that  is  used.  The  tap  must  be  ailuwcd  to 
run  so  as  to  get  iid  of  the  cold  water  in  the  pipes.  What 
is  the  use  of  only  12  gallons  of  water  such  as  Mr.  Wilkinson 
mentioned  r  Practically  an  unlimited  supply  is  wanted, 
and  tliat  is  obtained  with  a  coal  or  a  coke  fire.  I  do  not 
Ijclieve  that  even  a  100  per  cent  load  factor  would  enable 
us  to  compete  in  that  direction,  and  it  we  persist  in  trying 
to  do  so  wc  shall   only  stifle   the   adoption  of   electrical 


-r  to  a  great 

..I.  .„  i,„  ... 


think  il  I' 


elements.  With  regard  to  the  i 
the  author  vays  that  he  like*  lo  Iw 
very  rapidly,  but  he  M:crii»  to  hivc 


we  warn  i  .n   lo  heal  uj' 

against  c!       ,  I'herc  l>  one  •■      ■        , 

which  I  wish  lo  invite  the  attention  of  tbi«  meeting, 
namely,  the  standardisation  of  cuokiiig  n^-  ■■  ■'  ■  The 
author   referred   to   plugs.     They    must    u  be 

id.     The   Kngineeririg  ^        '      '  -c  i» 

it   matter   up  and   lia>   ..  the 

l.^i.L.i.g  j.aij;   and  wc  li.  ; 
once.     Hut  the  question 

apparatus   is  quite   another    inatier.      I'he    >  c   ol 

which  1  am  Chairman  has  gone  into  this  qui:.  1  has 

apfKiinted  a  sub-coininittee  to  deal  with  it    Scveial  meet- 
ings  have  been  held,  but  there  seems  to  be  a  great  diversity 
of   opinion  as   to  the  desirability  of  anv   standardization 
whatever  in  connection   with  electric 
The  manufacturers  are  not   very  eager  : 
The  problem  is  p.irt  of  a  wide  and  very   diii 
When  should  wc  slandardue  "'     Should  we   • 
the  very  Inrginning  before  practice  lias  settled  down,  so  as 
to  give  the  manufacturers  leading  dimensions  to  work  to  ? 
Ur  should  we  give  (>eople  a  free  hand  and  wait  until  every- 
thing   is    discordant,    and   then   try   to   bring  forward   a 
standard  that  will  be  a  mean  of  the  various  practices  that 
have   .irisen .'     There  is  a  got^l  deal   to   be   said  l>.>r   both 
views,  but   I   cannot   help  thinking  (hat  crrla'i!  ^t  mdard 
dimensions  and  requirements  cou! 
I>c  set  up  at  the  present  time  in  ^ 

apparatus.  For  example,  if  the  Hoor  space  ol  the  oven 
were  standardized  that  would  selilc  the  size  of  the  baking- 
dishes  and  things  that  have  to  Ih;  used  inside  the  oven. 
Surely  it  would  bean  advantage  t'  '      "  - 

again  il  would  Iht  m\  advantaj^e  Ic 
of  liot-pbles,  especially  as  in  sonic  inslan^cs   ; 
that  have  to  go  on  the  hot-pLites  have  a  rini  i 

bottom.  I  am  strongly  of  the  opinion  that  ihcrc  are 
certain  things  which  could  well  be  standardized.  There 
are  o:her  points  which  are  doubtful,  such  as  the  positioo 
of  switches,  but  it  would  l>e  most  helpful  to  the  Engi- 
neering Standards  Committee  if  those  taking  jart  in  this 
discussion  would  state  their  \iews  on  this 
In    c-->iKlii»io!i     at    the    risk    of    oflfcndiug    my 

'.    them    that    tliey    ai  c     l>al 
^.  and   however  .i'.    ^.h   l.ir- 
thcy  may  be  they  must  of  necessity  have  evei 

Now  cooking  is  asold  as  the  hills,and  appai..: - 

tion  with  it  has  reached  a  high  state  of  development  and 
embodies  the  results  of  long  experience  of  cooking  experts. 
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It  must  be  remembered  that  cooking  is  effected  by  licat 
and  heat  alone,  and  that  the  only  function  of  electricity  in 
"electrical"  cooking  is  to  produce  that  heat.  Is  it  not 
reasonable  then  to  ntilize  the  experience  of  those  who  have 
produced  the  existinji  coal  and  gas  ranges  and  graft  on  to 
them  the  newer  agent  ?  I  am  convinced  that  the  develop- 
ment of  electrical  cooking  can  best  be  attained  on  these 
lines.  Let  electrical  manufacturers  work  hand  in  hand 
with  the  cooking-range  makers,  and  not  only  will  their 
designs  be  thoroughly  pr.actical  and  acceptable  to  the  cook 
but  thev  will  reach  a  clientele  which  they  could  never  get 
in  any  other  way. 

Mr.  S.  T.  .-^LLEN'  :  I  cannot  conceive  tliat  this  paper 
expresses  the  opinions  of  electric  cooking  consumers 
generally,  and  there  are  very  few  remarks  in  it  which  I 
im.agine  would  come  from  an  ordinarj'  non-teclinical  con- 
sumer. I  thoroughly  agree  with  the  author  that  we  ought 
to  p.iy  more  attention  to  the  views  of  consumers.  We 
must  remember  that  habits  have  been  acquired  by  past 
generations  in  connection  with  cooking,  and  should  have 
a  certain  respect  paid  to  them.  In  tlie  first  paragrapli  tlie 
author  states  that  because  a  large  consumer  has  a  large 
cooker  and  tlicrefore  uses  more  current  a  better  load 
factor  prevails.  I  cannot  understand  that  statement.  It 
is  not  always  the  case  in  my  experience.  It  would  be  of 
great  interest  if  the  author  would  state  the  dimensions  of 
the  oven  of  his  cooker,  because  that  is  an  important  point 
in  considering  the  figures  that  he  gives.  M3'  experience 
of  a  large  number  of  cookers  in  ordinary  households, 
averaging  about  six  persons  per  household,  is  that  the 
usual  consumption  is  about  16  units  per  person  per  day. 
That  is  a  little  lower  than  the  figure  given  by  the  author, 
but  perhaps  the  cooker  which  he  uses  may  have  some- 
thing to  do  with  it.  The  figures  given  on  page  474  have 
interested  me  considerably.  Dealing  with  the  first  set, 
I  notice  that  the  electrical  energy  for  light  and  other 
purposes  previous  to  the  adoption  of  electric  cooking  cost 
£g  per  annum,  whereas  in  the  second  set  of  figures, 
when  electric  cooking  was  adopted,  the  electrical  energy 
for  light  and  other  purposes  cost  £2  i6s.  3d.  I  should 
like  to  know  why  there  was  a  reduction  in  the  lighting 
account.  The  conclusion  that  I  have  come  to  is  that  the 
fixed  charge  for  the  lighting  has  been  included  with  the 
cooking.  Also,  where  does  the  heating  come  in  in  this 
account.  Is  it  included  under  "  electrical  energy  for  light 
and  other  purposes  "  ?  With  regard  to  the  outlay,  I  am 
sorry  that  the  author  has  included  in  the  paper  that 
total  of  X45  IIS.  3d.  I  did  not  know  that  it  was  compul- 
sorj-  to  use  steel  tubing  for  the  wiring  required  with 
electric  cooking  apparatus,  but  the  author  implies  that 
that  is  the  case.  If  not,  why  did  he  provide  expensive 
steel  tubing  and  so  increase  the  cost  ?  I  think  wood 
t rising  could  have  been  used.  I  agree  with  the  author's 
remarks  in  regard  to  earthing,  but  I  do  not  agree  with  his 
statement  that  a  householder  often  does  not  mind  spend- 
ing a  considerable  sum  on  an  electric  cooker  ;  at  any  rate 
I  have  not  met  such  householders.  They  always  seriously 
object  to  paying  such  sums  as  the  author  has  mentioned. 
Again,  I  think  it  has  now  become  universal  for  a  pilot 
lamp  and  a  fuse  to  be  put  on  each  circuit,  and  it  is 
becoming  exceptional  for  the  modern  cooker  to  have 
only  one  fuse.  I  do  not  at  all  agree  with  the  author's 
remarks  in  connection  with  the  thermometer.     I  think  if 


we  have  been  able  to  cook  satisfactorily  with  coal  and  Mr.  Ailcr 
gas  for  the  last  50  or  100  years  without  a  tliermometer  we 
can  do  without  a  thermometer  on  an  electric  oven.  It 
is  an  unnecessary  complication.  The  author  also  says 
that  the  error  of  the  thermometer  can  easily  be  corrected. 
Does  he  mean  that  the  consumer  should  make  this  error 
allowance,  or  should  it  be  done  liy  the  electrical  engineer? 
Another  very  important  point  is  that  in  the  author's 
experience  the  shrinkage  of  meat  depends  upon  the 
temperature  at  which  it  is  cooked.  I  tliought  that  was 
the  reason  always  given  by  electrical  engineers  why 
electric  cooking  is  so  much  more  satisfactory  tlian 
cooking  by  gas  or  coal,  and  why  the  shrinkage  is  less. 
Gas  and  coal  ovens  have  very  bad  regulation  ;  the  tem- 
perature often  becomes  excessive,  and  that  is  why  electric 
cooking  is  so  much  better,  since  we  are  better  able  to 
regulate  the  temperature.  With  regard  to  plugs,  the 
author  suggests  the  adoption  of  an  earthed  ring.  It  seems 
to  me  that  an  earthed  ring  would  make  the  plug  still  more 
dangerous.  If  somebody  in  the  dark  touched  the  pin  of  the 
plug  with  his  finger  when  putting  the  plug  in  sideways 
he  would  earth  one  side  through  his  finger,  and  the 
other  side  of  the  plug  might  be  over  the  contact. 
The  interesting  tests  on  flexible  wires  have  little  bear- 
ing on  the  question  of  electric  cooking.  The  author 
does  not  appear  to  have  mentioned  the  flexible  cord 
in  which  a  steel  wire  is  incorporated  in  the  copper. 
That  has  proved  very  successful.  Neither  is  there  any 
reference  to  the  "  cab-tyre-sheathed  "  cable,  which  should 
be  carefully  considered  in  this  connection.  With  regard 
to  the  powers  required  in  order  to  enforce  earthing,  I 
always  enforce  it,  and  I  always  shall ;  and  I  think  electrical 
engineers  do  not  require  any  further  authority  to  do  so. 
One  of  the  most  valuable  points  which  the  author 
mentions  is  the  use  of  unearthed  utensils  alongside 
earthed  apparatus.  That  is  a  point  which  is  often 
forgotten.  With  regard  to  the  rateable-value  tariff  to 
which  the  author  has  referred,  although  I  do  not  say 
that  it  will  not  be  superseded  in  the  future  by  a  better 
differential  system  of  charging,  I  feel  convinced, 
from  my  experience  in  two  towns  where  I  have 
introduced  the  system,  that  it  is  the  one  which  is  best 
understood  by  consumers.  It  is  the  most  popular,  and 
I  am  convinced  that  it  is  the  best  system  that  has  yet 
been  adopted  for  introducing  electric  cooking  and  heating. 
On  page  482  is  the  statement,  "  As  a  possible  consumer 
the  author  objects  to  paying  a  heavy  primary  charge  when 
he  may  be  using  only  a  cooker."  I  do  not  know  of  any 
case  where  a  rateable-value  system  has  ever  been  made 
anything  but  optional.  There  is  always  a  flat  rate  available. 
On  the  same  p;ige  he  also  remarks  that  "  During  the  last 
few  years  many  station  engineers  have  complained  that 
the  lighting  load  was  much  reduced  through  the  use  of 
metal-filament  lamps  ;  yet  there  seems  to  be  no  tendency 
for  the  percentage  charged  on  the  rateable  value  to  be 
reduced."  No  engineer  who  has  had  a  rateable-value 
system  in  use  has,  I  think,  ever  made  that  complaint. 
It  is  obvious  that  it  would  be  to  his  advantage  if  the 
fixed  charges  were  guaranteed,  but  engineers  in  towns 
where  a  flat  rate  is  in  operation  might  have  complained. 

Mr.   R.   S.  DowNE :    I    cannot   help   thinking   that   the  Mr.  Dow 
author  has  looked  at  the  subject  from  the  point  of  view 
of   a  technical  consumer,  because  the   point   of   view  of 
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i  I'ut,  and  ha»  l>ecn 
>lay   use.     It   s^ciiis 
lo   Ul    It   gp  out   from   this 
Icms   than   £}^  lu  in!>lall  un 
1   Mlien    It  can  be  done  at  a  very 
.    (hink  alMj  it  ouglit  lo  have  been 
m.i  If  that  if  electric  cooking  is  to  make 

the  :i  we  think  it  ought  to  make,  its  instal- 
lation will  have  to  be  carried  out  on  exactly  similar  line» 
to  those  on  which  gas  cookers  are  let  out  on  hire  all 
over  the  country.  If  it  is  done  in  the  manner  indicated 
in     the  will    inaki.-     no    progress    \vh.itcvcr. 

It     is     '"  ..y     true     that     electric     cookers     will 

have  to  be  let  out  on  hire  in  the  same  way  that  g.i% 
cookers  are,  and  I  believe  that  .  in  the  immediate 
future  the  cost  of  in^talhng  electric  cookers  of  similar 
capacity,  including  wiring,  will  not  exceed  ;^io.  1 
am  in  entire  agreement  with  Mr.  Wordingham's  remarks 
on  v.    ■      '  I  think  electrical  engineers  have  got  a 

f>o>.-  sition  before  them  in  electrical  cooking, 

.iiitl  li...:  '.iiiv  :.avc  quite  as  much  as  they  can  do  to 
cultiv.tlc  tli.tt  load  without  trying  to  do  the  impossible. 
Mv  experience  of  electric  water  heaters  has  not  been 
fortunate.  My  Company  established  a  small  restaurant, 
and  went  in  for  the  "all  electric"  idea.  We  installed 
two  electric  water  beaters,  and  they  cost  us,  including  the 
fitting  up,  £li6o.  On  a  3  months'  trial  they  gave  very 
indiflcnnt  results,  the  avcraj;e  number  of  units  being 
4>»o  pt-r  wii  k  wNnh  at  Jd.  per  unit,  represents  a  cost  of  £.1. 
\Vr  red    boiler,    and    obtained    a    very 

efiii.  -upply  of    'I'^'l    water   at  a   cost  of 

7&.  per  week.  Unless  it  is  possible  to  charge  for  electrical 
energy  at  a  rate  which  is  not  likely  to  be  feasible  in 
London  for  a  very  long  time,  electric  water  heating  is 
out  of  the  question.  The  difficulties  before  us  are  not 
nearly  so  great  to  my  mind  as  the  difliculties  that  confronted 
the  <  V  111  Its  early  days  vv 

well  led  ^  watts  per  cai. 

In   :  ible  diOicullK- 

trii.';  _,  !  uilt  up.    The  g . 

has  undoubtedly  prepared  the  way  for  us,  so  tliat  the 
advent  of  electric  cix>king  on  an  extensive  scale  will  very 
shortly  arrive.  The  advantages  of  the  non-combustion 
process   as   against   the   combustion   process  are  so  con- 


00 

■•■1 


chilled   meal,  «eigliiiig  1^5  Il>.,  were  c 

oven   of    II   cubic   feet  capacity   by   tli' 

knew  nothing  o(  electric  cooking  and 

the    switches.     The  joints  were    b 

at  the  end  of  the  test  weighed  101  . 

ol    If*  S   per   cent.     The  1 

iiitcly    that    throughout    • 

III   ciM  king   in   the 

cent  decrease  of  «i,  „ 

carr)-ing  out  catering  on  such  a  1 

of    10  per  cent  represents   soinell....^   .^...    -. _- ... 

The  amount  of  meat    cooked   per   unit   was  rather   over 
10  lb.     I  think  that  ;  "ake 

out   a  strong    point   .  ^at. 

W  tuluii.-  >  :  -'■  -^  *ery 

..  but  wi  ■•  wr  tre 

selling   2.500  unil'>  per  annuii  -ct.     l-o« 

of  live  persons  50  units  per  ss      ,        ,  resents  an 
of  1)  units  per  head,  so  that  between   i|  and  3  units  is 
a  very  fair  figure   to   take.     We   have    6400  consumers, 
and  we  estimate  that  6,ouo  of  those,  in  a  purely  residential 
.ire.i.  .in-  I 
lals,.es!... 

period  of   liine  ai   u  :    ihost   s  *ill 

bt:    using   electric   >.  .      s   to   say  .1   if 

the  same  rate  of  J.500  units  is  used  per  cooker  we  shall 
double  our  output  ul  3,000,000  units  per  annum.  Some 
members  may  say  tliat  if  we  put  i,ioo  5-kw.  cookers  on 
the  mains  a  large  additional  load  due  to  that  6,000  kilowatts 
of  apparatus  will  come  on  the  peak.  Our  present  con- 
nected load  is 
kiluwalts.     It-. 

electric   c^>..iLcis  t.>  ta>c  tin.  p<..ak 

load  at  the  wurks  ii\    .  .'Is. 

Mr.  F.  S.  GROtiAS  :  My  hrst  suggeslioii  is  that  the  sub-  Ut. 
title   of  this  paper  is  wrong,  vu.  "  Mainly  from  the  con- 
sumer's  point    of    view,"    should    read    "  Mainly   from   s 
I  contend  .that  it  is  "'  -ncr  s 

i-causc  it  is  not  at  all  ri  ■  the 

•I  I  am  V 

i      I   do 


same  large  diversity  factor  that  the  small 
have,  and  the  latter,  having  probably  a  \c:v 
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Mr.  Grocan.  diversily  factor,  will  j;ivc  a  better  load  factor  on  the  station 
itself.  With  regard  to  the  author's  remarks  on  the  electric 
heating  of  water,  I  am  very  glad  to  sec  that  he  has  installed 
a  coke  boiler,  because  if  he  had  used  an  electric  boiler  the 
results  would  liave  been  still  worse.  Tlie  author  suggests 
that  electricity  should  be  supplied  at  Id.  a  unit.  I  propose 
to  leave  central-station  engineers  to  deal  with  that  figure. 
Taking  o-2d.  as  the  cost  of  coal  per  unit  generated,  anil 
deducting  it  from  o  25d.  leaves  only  o"05d.  per  unit  for  the 
capital  and  standing  charges,  which  with  loo  per  cent  load 
factor  would  mean  £i  i6s.  jd.  per  annum  per  kilowatt 
installed.  Even  at  Jd.  per  unit  with  only  a  500-watt  heater 
the  cost  would  be  £"4  lis.  od.  per  annum,  and  the  amount 
of  hot  water  provided  by  this  little  apparatus  is  inlinitesinial 
compared  with  the  water  supplied  from  a  coke  boiler. 
The  coke  boiler  mentioned  will  cost  on  the  average  about 
IS.  or  2S.  per  week,  the  cost  varying  with  the  number  of 
persons  in  tlie  family.  The  next  point  that  I  wish  to  make 
is  that  if  anyone  desires  to  use  electrical  apparatus  in  order 
to  produce  hot  water  in  bulk  it  may  sometimes  be  emploj'ed, 
but  only  where  small  quantities  of  hot  water  are  required 
or  where  for  large  quantities  we  are  prepared  to  pay  for 
the  convenience.  In  such  cases  a  6  to  10  kvv.  heater  should 
be  used,  with  a  hot  storage  tank  and  thermostatic  control. 
That  will  give  every  satisfaction.  With  regard  to  the 
question  of  the  consumption  of  energy  for  cooking,  a  very 
fair  estimate  is  1,500  to  2,500  units  per  annum  for  a  family 
of  six.  In  the  author's  case  for  nine  in  family  I  should 
allow  a  further  1,000  units  on  the  higher  figure,  or  say 
3,500  units  per  annum.  I  rang  up  a  householder  in  Hamp- 
ste.ad  yesterday  in  order  to  ascertain  the  results  that  he  was 
obtaining  with  electric  cooking,  and  I  found  that  over  a 
period  of  44  weeks  the  average  consumption  was  65  units 
per  week  against  the  no  units  in  the  author's  case,  the 
number  of  persons  in  the  household  in  question  being 
eight.  Either  the  author's  cook  has  been  very  extravagant, 
or  the  apparatus  has  been  inefficient.  In  the  household  at 
Hampstead  to  which  I  have  referred  a  coke  boiler  has  been 
installed  and  has  been  operated  at  an  average  of  2s.  per 
week.  The  author's  deduction  that  electric  cooking  will 
cost  for  a  family  of  nine  £8  19s.  od.  more  per  annum  than 
if  coal  had  been  used  is  quite  wrong  according  to  general 
experience.  I  regard  this  paper  as  an  attack  upon  the, 
excellent  progress  made  in  the  electric  cooking  industry 
during  the  last  few  years.  As  to  the  outlay,  the  first  item 
of  £23  15s.  6d.  for  the  electric  cooker  is  made  up  as 
follows :  X16  los.  od.  for  the  cooker  itself,  nickel  plating 
£1  los.od.,  switchboard  £"3  10s.  od.,  connections  £1  15s. od., 
and  los.  6d.  for  a  useless  thermometer.  In  addition  to  the 
£3  los.  od.  already  included  for  the  switchboard,  the  author 
has  actually  spent  £9  4s.  5d.  for  the  wiring,  which  is  an 
absurdly  high  figure.  There  are  other  types  of  electric 
cookers  which  the  autlior  might  have  used  and  which 
can  be  bought  for  about  £17  los.  complete.  Again,  why 
has  the  author  inflated  the  cost  of  the  cooking  apparatus 
by  adding  the  cost  of  the  coke  boiler,  which  is  given  in  the 
paper  as  about  10  guineas  ?  This  is  about  4  guineas  above 
list  price,  including  erection  and  connections.  The  author 
could  have  probably  got  it  installed  at  a  lower  price  if  he 
had  gone  to  an  ordinarj*  plumber.  Again,  why  does  not 
the  author  mention  that  he  got  a  very  much  better  service 
from  this  coke  boiler  than  he  ever  got  before  from  the  coal 
fire ':     He   must   have   done,  because  that  is  the    general 


experience.  In  connection  with  the  outlay,  I  want  to  Mr.Oroi 
emphasize  the  importance  of  hiring  out  electric  cookers. 
The  author  has  almost  neglected  this  aspect  in  the  paper. 
There  are  already  between  30  and  40  municipalities  or 
companies  which  are  doing  that  today,  and  it  is  the  only 
way  to  succeed  with  the  cooking  load. 

[^Comiiiiiinccitcil)  :  This  is  all  the  more  necessary  as  it  is 
in  the  smaller  household  where  the  mistress  either  cooks 
for  herself,  or  closely  superintends,  that  the  advantages  of 
electric  cooking  are  appreciated.  As  to  the  shrinkage 
in  cooking  meat,  it  has  been  established  for  years  that 
the  saving  in  favour  of  electric  cooking  is  due  to  the 
ability  to  cook  at  a  lower  temperature.  Even  the  author's 
figures  show  a  saving  of  10  per  cent  at  what  he  calls 
"normal  temperature"  (see  Tables  2  and  3),  but  in  the 
matter  following  he  explains  his  view  of  normal  tempera- 
ture, viz.  between  250"  F.  and  300"  F.  The  author  would 
have  shown  better  results  in  favour  of  electricity  had  he 
studied  the  elements  of  ordinary  cooking.  I  would  refer 
him  to  such  well-known  writers  as  Sir  Henry  Thompson 
("Food  and  Feeding"),  and  Robert  Hutchison  (''Food 
and  the  Principles  of  Dietetics").  He  will  lind  that  after 
sealing  the  meat  at  a  temperature  of  250"  F.  or  over  it  is 
better  to  cook  at  200"  F.  or  even  less.  The  author  does 
not  state,  as  he  should  do,  that  the  meat  cooked  by 
electricity  is  of  better  quality,  and  I  would  refer  him  to  a 
paper  which  I  read  last  year  at  Wolverhampton.-'-  .Vnother 
point  about  Tables  2  and  3  ;  will  the  author  kindly  state 
whether  "  original  weight  "  for  rolled  ribs  of  beef  refers  to 
the  weight  of  the  meat  with  or  without  the  bone.  This 
joint  has  about  20  per  cent  weight  of  bone,  and  if  he  has 
taken  original  weight  as  rolled  without  bone  then  his 
percentage  losses  are  too  high  when  compared  with  other 
published  results.  This  point  will  not,  of  course,  alter  his 
comparative  tests  but  he  should  make  it  clear.  I  have 
referred  to  the  thermometer  attached  to  the  oven  as  being 
useless.  Not  once,  but  on  many  occasions  I  have  found 
the  consumer  being  led  astray  by  a  thermometer  fixed  to 
the  oven  and  reading  100°  F.  too  low.  The  portable 
oven  referred  to  in  the  paper  as  original  is  not  new.  It 
has  been  supplied  with  one  type  ot  apparatus  now  for 
several  years  and  proved  to  be  most  useful.  Regarding 
the  flexible  cable  tests,  I  do  not  see  a  test  on  that  most 
commonly  used  in  connection  with  cookers,  viz.  ordinary 
workshop  flexible  in  flexible  metallic  tubing.  Tlie  author 
makes  a  good  point  on  insisting  on  earthing  cookers. 
Responsible  manufacturers  have  not  only  always  advised 
this  but  have  provided  special  3-pin  earthing  plugs  with 
the  apparatus  so  that  the  latter  cannot  be  put  on  circuit 
without  completing  the  earth  circuit.  It  is  admitted  that 
some  contractors  do  not  always  join  up  an  earth-wire  to  the 
terminal  provided,  but  as  the  majority  of  electric  cooking 
installations  are  hired  from  the  supply  authority  their 
engineer  may  be  safely  left  to  see  that  the  installation  is 
properly  "  earthed."  Surely  he  does  not  want  to  be  directed 
by  a  special  rule  from  the  Council  of  the  Institution  as  sug- 
gested by  the  author.  As  to  tariffs,  my  experience  is  that  a 
primary  charge  plus  a  low  running  price  per  unit  has  been 
most  useful  in  developing  electric  cooking  loads,  but  the 
running  cost  should  not  be  so  low  that  a  high  charge 
becomes  necessary  for  the  hiring  rate  of  the  apparatus. 
To  meet  competition  it  is  essential  to  establish  a  low 
•  Eleclrician,  vol.  72,  p.  864,  1914. 
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Mr.  1>.  V\  (i-Ni'V  |iiii^iii(>  iioiii  flic  ciiiiciMii  ilmi  Ii4> 
lio  Imr  Ih-cii  oticud  1  think  llii»  pa|H-i  wiil  ccitaiiily  be 
of   very  i^rrat    service   lo   the  elicliual    industry.     Some 

»peakri<>   ap|H-ar   lo   l»e   afiaid   Ih.it     •  ' "•     r 'P<^'    '» 

publishitl  U  will  l»c  iiM^I  hv  Ihc  ca-  iiic«n» 

oi  I  1   ii.ivc  no 

sui  -   p.ilH-r    ^ 

pi 

III':  iM- 

been  made.  The  <|uesliun  of  lariHs  a  a  very  vcxaliou- 
onc,  bolh  from  the  municipal  and  the  company  cniiniec-r's 
poiiil  of  view.  My  NViiip.ithy  (or  the  mumciit  is  with  the 
eiu  '  >>  IS  uii.ililc  tu  ofTcr  in  his  particular  district 

III  .>>lc   Id.   a   unit,  oi    tliat   suggested  ^d.  :i   unit, 

»  :  !c  ol  the  members  here  lo. night. 

I  will   be   sborllv  im    l!ie  i;i:irket 

eK  ,). 

''•>•  .     ,  ^  .  .       ■        ■   .         »t 

obtainable.  That  being  so,  I  think  it  is  time  that  the 
manufacturers  investigated  the  difficulties  that  be»et  a 
number  of  supply  engineers  in  having  to  reduce  their  tariff 
to  such  an  t  :'    :  it  leaves  little  or  no  prolil.     I  have 

come  to  tht  :i  that  the  successful  apparatus  for 

th<  iemu>l   be  HI !  ■    have  other 

nu  •.;  ihe  rough  ai  ■>  u>e  that  it 

i>  liahle  lu  icceivc  at  the  hands  ol  a  cook.  I'niil  such 
appautus  i>  loiilicoming  I  have  a  feeling  that  the  question 
of  maintenance  must  be  sciiously  considered  in  conjunc- 
tion with  electric  cooking. 

Mr.  H.  T.  Hakkisun  ;  The  title  of  this  paper  undoubtedly 
showN  that  the  altciiiion  n.'  ■   ic:il  engineer>  is  now 

being  turned   toward   tin-  but   on   reading  the 

paper  I  did  not  lind  lli.tl  lin  Lull^uule^  had  verv  much  lo 
do  with  it.  I  liave  l>eeii  a  consumer  o(  electricity  for 
cooking  purpci->  for  iiuiiy  years,  and  my  experience  is 
somewhat  ditfiicnt  from  the  aalhor's.  In  the  lirst  place, 
Ihe  prime  cost  of  Ihe  installation  was  very  much  lower. 
The  annual  costs  could  hardly  be  compared,  since  the 
electric  supplv  company  charijes  me  ijd.  per  unit  for 
cooking,  and  5^.  per  unit  •  lj.     I  ha\<  p 

the  cost  for  the  last  five  \>  coal.  an>i  ly 

supply  in  my  'unisc.  .\s  tar  as  1  iciiiciiiber,  the  ch.inge 
from  gas  cooking  to  electric  cooking  wa^  made  about  three 
years  ago,  but  I  lind  there  is  not  a  difference  of  I2>.  per 
annum  in  Ihe  total  cost  of  gas,  coal,  and  electricity  during 
any  one  of  those  five  year>,  and  it  is  iinpos^ble  to  tell  from 
the  accounts  when  I  started  lo  use  electric  That 

shows  that  even  at  ijd.  per   unit  clecU:.  is  not 

expensive.  By  the  word  "  cooking  '  I  ilu  nut  include 
•■cix,*iiig     u-ater.     I   have  never  attempted  lo  heat  water 
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cubic   feel,   which   is    one   oi   ihc   I  ■>   the 

country,    and    yet    the    cliange-o\er    ..    .....p    ga* 

supply    tu  electricity  at   i|d.  per   unit  did  not   allcci    lite 
lolal  cod. 

{CommunualeJ\ :  In  mv  opinion  the  advanla(>t.-k  oi  ibe 

use  •   •  ■: 

Ik.-    ,, 

anil   the  >upply  ul  air  in  Ihe  ci  ■ 

which   13  ol  couisc  necessary  w,:  ;; 

vcvNil^    while    iiiteriul    combustion    >•>    relied    on.     For 

iiislaiice.  Ill  the  case  of  gas,  where  the  c>>i»kMig  '■       •-    ■ -d 

economical,  it  has  been  necesiaiy,  in  order   t> 

economy,  lo  allow  for  the  .        ' 

oven  itself.     When   such    i 

OMii   in  order    that   tlu  i 

should    not    enter    the  u 

reduced.     In   electric   cooking   il   is  ;    the 

healing  elements  directly  in  the  oven, .  leiull 

in  a  high  efliciency.     On  the  other  lund,  the  fact  that  Ibe 

healing  elements  are  in  Ihe  oven  and  rev):-  .   -<   ^ 

air  or  outlet  for  by-products  allows  us  to  ui 

oven  whi' 

an  oven  .  ; 

by  external  radiation    lo  a  i 

oven  which  1  have  used  in  i:- 

giveii   such  extremely  efficient  results,  and   I  lliink 

people  would  lie  surprised  to  sec  the  figures  which  c.i 

obtained  with  an  oven  of  correct  design  as  regards  - 

and  one  which  is  properly  protected   (■  -.noi 

onlvas  ret.' arils   the    use  ol    while  nr   :  in  its 


descntic  in  liie  coniribulion  lo  a 

essential  10  maintain  the  efficienct  . 

devices,  and  which  are  designed  with  ' 

such  devices   easy  to  maintain  as   rc^.llu^    i  uk  n.  :.<.  >       1 

have  found,  as  no  doubt  others  have  found,  thai  unless  it  is 

made  simple  to  keep  an  oven  in  ciVkk-iii   v 

tion,  the  average  c<w>li  or  donic'ic  ^crA.iiil  . 

all  the  ad\-anl.. 

Mr.  W.  M.  N  .lys  Dial  the  loss  of  Mi  Mo 

Weight  111  cooking  with  a  coal  hre  is  25  per  cent  :  with 
electricity  when  the  oven  is  loo  hot,  J3J  per  cent  :  and 
with  electricity,  when  the  temperature  is  "normal,'  14^ 
per  cent.  Mr.  Downe  lias  just  given,  as  an  instance,  a  '  • 
of  10  lb.  out  of  ix>  lb.  of  beef,  or   10  per  cent     II  ni  .     ' 


Value  and,  il  i 

ii>  lb.  as  amoii 
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Mr.  Motdcy.  Tabic  3,  for  electric  cooking,  it  is  seen  that  the  proportion 
of  loss  is  practically  the  same  whether  the  joint  is  lut  or 
not ;  that  being  so,  I  am  driven  to  ask  wlicther  the  actual 
loss  is  anything  but  water,  and  if  it  is  water,  whether  it  is 
right  to  x-alue  it  at  6d.  or  is.  per  lb.,  as  is  done  in  the  two 
cases  quoted.  My  own  view  is  tliat  that  is  rather  a  higli  r;ite 
for  hot  water.  I  do  not  mean  to  s.\v  tliat  no  harm  is  done 
by  evaporating  meat  to  dryness — that  is  another  point — 
that  is  bad  cooking  and  there  is  a  remed)'  for  it  more  or 
less  complete,  viz.  to  make  the  oven  steam-tiglit  and  so  get 
an  atmosphere  of  saturated  steam  at  the  cooking  tem- 
perature, when  the  evaporation  of  water  from  the  joint 
will  cease.  Tliat  is  true  for  a  gas  oven,  coal  oven,  or  an 
electric  oven.  One  other  point ;  electric  cooking  has,  or 
should  have,  a  great  advantage  as  regards  the  consumption 
of  energy  in  cooking  things  tliat  take  a  long  time,  because 
almost  all  theenergv  necessary  is  that  required  to  bring  the 
food  up  to  the  cooking  temperature.  To  keep  it  at  tliat  tem- 
perature should  in  practice  hardly  need  anj'  more  energy. 
With  electric  cooking  the  source  of  heat  is,  or  should  be, 
enclosed  in  the  same  heat-insulated  space  as  the  thing  to 
be  cooked.  The  escape  of  heat  is  therefore  controllable. 
It  mainly  depends  on  the  lagging.  In  comparing,  or 
standardizing  electric  cooking  apparatus,  it  should  be  easy 
to  give  proper  value  to  this  point,  as  the  measurement  of 
the  energy  necessary  to  maintain  some  given  internal  tem- 
perature presents  no  difliculties.  The  determination  of 
the  true  point  of  economy  in  such  an  apparatus  would  be 
very  interesting — I  mean  the  point  at  which  it  begins  to  be 
profitable  to  spend  money  on  energy  rather  than  on 
lagging.  It  would  not  be  surprising  to  find,  for  example, 
that  it  would  be  true  economy  to  lag  an  electric  oven  and 
its  heating  clement  on  the  Thermos-flask  principle. 

PiQkncv.  ^^^-  ^^'-  ^-  ^-  Pi^'KN-EY  :  With  regard  to  the  question  of 

the  amount  of  energy  consumed  by  an  electric  cooker, 
I  consider  myself  in  the  position  of  an  ordinary  consumer  in 
having  an  alien  cook  whose  limited  knowledge  of  English 
made  control  a  difficulty.  I  decided  that  for  the  first  year's 
running  of  the  electric  cooker  I  would  leave  her  to  her 
own  devices  and  see  what  the  result  was.  The  consump- 
tion of  energy  is  now  about  i'3  units  per  head  per 
day,  which  is  the  average  over  six  months  for  a  house- 
hold of  three,  that  is  to  say  a  very  small  one.  The  author 
points  out  that  if  the  number  of  persons  in  the  household 
is  increased  the  consumption  should  be  reduced  accord- 
ingly per  head.  I  am  quite  convinced  that  the  figure  of 
1-3  units  per  head  can  be  reduced  to  i  unit,  and  possibly 
less.  According  to  our  method  of  computation  the  prob- 
able current  consumption  for  a  household  of  eight  or  nine 
persons  was  3,600  units  per  annum,  which  is  practically 
the  same  as  the  figures  given  by  Mr.  Grogan.  I  do  not 
know  V  hat  the  author's  tariff  was,  but  assuming  the  stand- 
mg  charges  were  £6  5s.  od.,  the  3,600  units  at  fd.  per  unit 
would  cost  £"17  los.  od.,  which  together  with  the  lighting, 
heating,  and  coal,  would  amount  to  approximately 
X26  19s.  od.  That  shows  a  very  big  saving  on  the  figures 
that  he  has  given  us.  I  cannot  see  why  with  a  careful  cook  j 
he  uses  2  units  per  day.  I  think  there  is  no  doubt  that 
branch  fuses  should  be  adopted  in  cookers,  and  also  that 
a  cook  would  never  use  the  thermometer.  I  should  like  to 
draw  attention  to  the  consumption  curves,  notablv  that 
for  Saturday,  which  seldom  touches  zero  and  indicates 
a  very  long-hour  use  of  the  cooker. 


{Com  III  II  ni  III  till)  :  With  regard  to  earthing,  the  author  Mr. 
states  that  there  is  no  authority  having  the  power  to  ''"''""'• 
enforce  such  earthing  of  cookers,  but  surely  the  supply 
authority  in  every  district  is  able  to  enforce  this  and  should 
certainly  do  so.  In  drawing  attention  to  unearthed 
accessory  apparatus  placed  near  an  earthed  cooker,  the 
autlior  touches  on  one  of  tlie  most  important  points  in 
connection  with  cooking,  as  tliis  represents  a  real  danger, 
more  especially  as  it  is  a  very  common  practice  to  have 
a  self-contained  kettle  used  in  conjunction  with  a  cooker. 
There  are  two  possible  ways  of  getting  over  the  difficulty  ; 
one  is  to  arrange  for  all  accessory  apparatus  to  be  earthed 
through  an  armoured  flexible  ;  another  is  to  see  that  no 
plug  is  fixed  anywhere  near  the  cooker,  so  that  it  is  im- 
possible for  the  accessory  apparatus  to  be  connected  up 
within  reach  of  the  cooker.  The  author  suggests  that 
an  assessment  based  on  a  rateable-value  tariff  should  he 
treated  as  an  elastic  quantity,  subject  to  the  discretion  of 
the  Engineer,  but  this  would  not  prove  feasible  in  practice. 
I  have  also  not  found  that  a  higher  assessment  generally 
means  a  proportionately  higher  load  factor. 

Professor  J.  T.  Morris  :  I  am  strongly  of  the  opinion  Profess^ 
that  a  consumer  should  be  able  to  hire  an  electric  cooker  *'""'^- 
if  he  desires  to  do  so,  because  he  ma\'  change  from  one 
district  to  another  in  which  the  pressure  is  quite  different 
and  where  the  first  cooker  would  be  useless.  It  is  impor- 
tant that,  as  far  as  possible,  the  cost  of  maintenance  of 
electric  cookers  should  be  reduced  to  as  low  a  figure  as 
possible.  I  am  not  in  accord  with  the  author  in  regard  to 
the  future  of  heating  water  by  electricity.  I  agree  with 
Mr.  Wordingham  and  other  speakers  that  it  is  much  better 
left  alone,  at  any  rate  for  some  time  to  come,  and  that  only 
the  actual  cooking  should  be  carried  out  electrically 
because  the  advantages  in  that  case  are  very  great.  With 
regard  to  heating  water  by  a  coke  boiler,  to  which  several 
previous  speakers  have  referred,  I  find  from  personal 
experience,  ranging  over  three  years,  that  3jd.  a  day  for  a 
household  of  five  or  six  is  a  cost  which  is  steadily  main- 
tained, and  that  for  that  cost  an  ample  supply  of  hot  water 
can  be  had  throughout  the  house  day  and  night  for  all 
purposes.  That  figure  cannot  be  approached  by  electrical 
methods.  I  find  that  tlie  amount  of  electricity  used  per 
person  per  day  in  this  household  of  five  or  six  is  if  units. 
With  regard  to  the  position  of  the  switches,  I  entirely 
agree  with  the  autlior  that  they  should  be  put  in  a  place 
in  which  they  can  be  easily  seen  and  got  at,  but  I  think 
he  is  inconsistent  when  he  says  that  the  thermometer 
should  be  put  on  the  oven,  the  natural  position  of  which 
is  low  down.  If  the  thermometer  could  be  raised  up  so 
that  it  was  alongside  the  switches  and  had  a  large  scale, 
I  think  it  might  be  used.  Personally  I  think  the  cook  has 
been  rather  too  much  maligned.  We  must  study  the 
habits  of  the  cook  if  we  are  to  make  a  success  of  electric 
cooking.  My  cook  has  operated  the  electrical  cooking 
apparatus  for  three  years  and  tells  me  that  she  has 
never  received  an  electrical  shock.  That  should  always 
be  the  case  :  the  apparatus  must  be  installed  so  that  there 
is  no  question  of  anyone  getting  a  shock.  I  think  the 
author  makes  a  good  point  with  regard  to  portable  ovens. 
The  question  of  heating  up  dishes  is  one  which  occurs  in 
all  households,  and  some  form  of  cover  over  a  little  plate 
would  be  a  very  useful  adjunct.  I  agree  that  the  earthing 
wire  of  the  oven  often  looks  a  very  temporary  arrange- 
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one  house,  one  for  a  water  heater  and  one  for  an  electric 
cooker.  The  route  length  of  cacli  circuit  was  30  yards, 
and  one  was  wired  with  7/15  S.W.G.  and  one  witli  7/20 
S.W.G.,  con\plete  witli  cast-iron  switches  and  fuses, 
the  wires  being  run  in  screwed  tubing.  The  cost 
for  tlie  whole  job  was  i'lo.  This  price  is  in  comparison 
with  all  prices  which  wc  quote  in  the  Newcastle  district. 
The  author  refers  to  armoured  cable  for  wiring  for  cookers. 
I  quite  agree  that  cooking  wiring  can  be  done  under  this 
arrangement.  Personally  I  favour  "  cab-tyre-sheatlied  " 
cable  for  this  class  of  work,  and  this  cable  can  be  easily 
removed  at  a  later  date  if  necessary.  On  page  475  under 
''  Details  of  cookers.'  I  quite  .igree  with  the  author  that 
it  is  essential  that  a  double-pole  switch  should  be  fixed 
quite  close  to  the  cooker.  I  firmly  believe  in  separate 
switchboards  fixed  on  the  wall,  slightly  to  the  right  or 
left  of  the  cooker,  according  as  the  position  requires,  also 
that  each  hot-plate  or  section  of  the  cooker  should  have 
a  separate  switch  and  fuse  in  addition  to  the  main  fuses. 
In  the  m.ajority  of  cases  one  pilot  lamp  is  usually  sufficient, 
but  where  large  cookers  are  installed,  and  the  cooking  is 
likely  to  be  of  considerable  extent,  I  always  prefer  separate 
pilot  lamps  so  as  to  prevent  waste.  I  quite  agree  with  the 
author  that  it  is  extremely  bad  practice  to  mount  switches 
on  the  side  of  the  cooker  itself.  As  he  says,  they  are  very 
difficult  to  read,  and  are  reallj'  a  nuisance,  especially  when 
children  are  about,  as  they  are  apt  to  consider  tliat  these 
switches  are  fixed  for  them  to  play  with.  The  author  has 
undoubtedly  put  forward  a  very  good  argument  in  favour 
of  using  thermometers  on  oven  doors.  I  have  not  yet, 
however,  found  the  necessity  of  these.  I  find  that  the 
usual  call  by  the  lady  cook  or  demonstrator  is  sufficient 
to  find  out  if  there  is  any  misunderstanding  in  regard 
to  the  operation  of  the  oven,  and  a  short  talk  usually  puts 
these  matters  right.  We  have  not  had  any  difficult}'  what- 
ever in  securing  our  customer's  satisfaction  on  this  point. 
The  greatest  difiiculty  we  find  with  cookers  is  the  question 
of  hot-plates,  mainly  on  account  of  their  slow  heating  com- 
pared with  coal  or  gas.  No  doubt  the  author  has  also  experi- 
enced this.  With  regard  to  earthing,  I  cannot  understand 
any  engineer  fixing  an  electric  cooker  without  ascertaining 
that  it  is  efficiently  earthed.  We  make  it  a  practice  that 
all  cooking  apparatus  of  the  larger  type  is  earthed  by  a 
special  earth-wire.  Where  portable  apparatus  has  to  be 
used  in  proximity  with  the  larger  apparatus,  such  as 
cookers  or  the  large  tj-pe  of  breakfast  cookers,  we 
endeavour  to  fix  a  3-core  flexible  wire  with  an  earth 
connector.  Upon  the  question  of  maintenance,  it  is  very 
seldom  that  one  meets  a  consumer  who  purchases  his  own 
cooker.  In  fully  99  per  cent  of  the  cases  the  cooker  is 
hired  from  the  electricity  supply  company,  who  carrj-  out 
their  own  repairs.  These  repairs  have  been  included 
in  the  rental  for  the  hire.  I  do  not  propose  to  discuss 
the  question  of  meat  shrinkage,  but  perhaps  an  experience 
of  mine  may  be  of  interest.  During  last  year  I  removed 
from  one  house  to  another  where  the  voltage  was  different, 
and  at  the  time  of  removal  I  was  unable  to  obtain  a  cooker 
suitable  for  the  new  pressure.  I  w'as,  consequently,  with- 
out an  electric  cooker  for  two  months.  Unfortunately,  at 
the  same  time  one  of  the  servants  left,  and  there  was  thus 
one  person  less  in  the  household.  During  this  period  all 
cooking  was  carried  out  on  the  coal  fire.  We  purchased 
our  meat  from  the  same  butcher,  and  the  bill  increased 


by  iss.  for  two  months.  After  the  electric  cooker  was  Mr.  Giii. 
installed,  we  returned  to  our  former  accounts  with  the 
butcher.  This  I  consider  proves  conclusively  that  there 
is  somelliing  in  tlie  question  of  saving  on  the  meat  shrink- 
.age.  On  page  476  tlie  author  refers  to  the  necessity  of  the 
apparatus  heating  up  quickly.  I  quite  agree  with  him 
on  this  question.  It  is  certain  that  if  an  oven  heats  up 
quickly  it  is  sure  to  give  the  consumer  satisfaction.  An 
electric  cooker,  unlike  a  coal  oven,  is  only  heated  when 
it  is  required,  and  no  time  should  be  wasted  during  the 
stage  of  the  initial  heating  up.  Unfortunately,  in  the  case 
of  hot-plates  a  good  deal  of  time  is  lost  before  the  hot-plate 
attains  a  useful  working  temperature. 

Mr.  A.  N.  MooRK  :  It  is  very  encouraging  to  find  a  paper  Mr.  Mo. 
of  this  nature  being  read  before  tlie  Institution.  It  must 
be  particularly  encouraging  to  those  of  the  members  who 
have  taken  such  an  active  interest  in  tlie  advocacy  of 
cheap  units  for  domestic  purposes.  Thanks  for  this  arc 
particularly  due  to  one  or  two  of  the  more  responsible 
and  prominent  members  who  have  expressed  such  decided 
opinions  on  the  value  of  the  domestic  load  and  have 
bestowed  their  benediction  on  the  present  heating  and 
cooking  campaign.  My  only  regret  is  that  the  author 
should  rather  have  missed  the  opportunity  of  presenting 
the  subject  to  us  in  what  might  have  been  a  much  more 
useful  form.  It  is  unfortunate  that  he  should,  in  his 
attempt  to  deal  with  the  general  question  of  cooking 
from  the  consumer's  point  of  view,  have  selected  what  is 
obviously  an  exceptional  case  upon  which  to  base  his 
deductions  on  the  general  case.  I  am  glad  to  see  that  he 
has  dealt  with  the  question  of  the  saving  due  to  shrinkage. 
A  more  futile  suggestion  or  absurd  position  to  take  up 
from  the  point  of  view  of  propaganda  than  this  it  is  hard 
to  conceive  ;  and  I  cannot  understand  any  responsible 
manufacturing  firm  approving  of  it  being  put  forward  to 
the  consumer,  as  an  inducement  to  purchase,  that  he  will 
save  so  much  on  his  bill  by  the  reduced  shrinkage  of 
meat.  On  this  question  the  author  has  not  put  forward 
a  point  which  I  think  he  might  have  done.  Taking  his 
own  figures  of  an  average  weekly  consumption  of  100 
units  at  approximately  id.  per  unit,  this  represents  a 
weekly  bill  for  energy  of  8s.  4d.  If,  as  the  author  states, 
the  consumer  saves,  due  to  reduction  in  shrinkage,  10 
per  cent  over  coal  or  gas,  this  by  no  means  represents  the 
actual  saving  per  week  and  is  quite  misleading.  Rightly 
the  author  points  out  that  joints  are  not  being  cooked 
every  da)',  and  a  fair  assumption  would  be  two  joints  a 
week,  which  on  the  average  would  require  7  units  ;  that  is 
to  say,  a  10  per  cent  saving  is  only  effected  on  7  per 
cent  of  the  total  weekly  bill.  In  other  words  the  net 
cash  saving  would  be  o'34d.  only.  1  am  surprised  to  hear 
the  author  suggesting  that  central-station  engineers  are 
more  concerned  in  competing  witli  coal  fires  than  with 
gas.  No  engineer  I  think  will  agree  with  him  on  this 
point.  In  fact  I  am  rather  surprised  that  the  author  has 
evidently  considered  it  almost  unnecessary  to  touch  on 
the  gas  question,  as  hardly  any  reference  is  made  to  it  in 
the  paper.  The  subject  of  earthing  is  very  important.  I 
know  of  an  instance  where  the  cook  who  was  using  an 
electric  cooker  had  a  boiling-ring  standing  on  the  cooker, 
the  cooker  being  efficiently  earthed  whilst  the  boiling-ring 
was  unearthed.  The  result  of  a  fault  developing  on  the 
flexible  wire  of  the  boiling-ring   was  to    cause    a  severe 
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III    .  IIIC.        I    ll. 

iiiuwt   llijl  '.  lOii    ul    raiUiiii);    i>    oiir  Wci 

CJiiciul  coil: The  iiulhoi   iclcr*  l«  Ilic  ij 

<W  Uiitl*.  but  il   i»  inucli  loo  bi|>  a  »ub)ccl  lo  deal  ^ 
■  ivipc*!   oi    Itiit   nature      It  d(>c%  ocvur  to  inc.  lun^..!, 
ItuI  a  Hal  rate  willi  a  !>lutiii|:  kcalr   iiiiifht  (vi>ul>ly  with 
•li^  ■      ■     ■ 

M!  ^  Ulll> 

Cll..  1  Ill-Ill    lV4M 

coniparcil  ltii»  haais  willi  ihr  piCMriil  llal  lalc  ul  id.  (mti 
unit  that  \vc  have  in  S'cw|Hirt.  The  aveia^  net  avH:»>- 
mcnl  is  £.  ;i  per  annum,  the  );to>s  ja>e»inenl>  vafvtnK 
front  ^'(lO  lo  im.  Taking;  the  Ikims  ul  i;  per  cent  on  the 
rateable  value.  pluN  |<i.  |H.-r  unit,  ue  >liould  rev'cive  a  trifle 
leks  |ter  iiiiil  Ih.iii    \vc  are    ({ettiii^   I'  '  iit 

Hat  late.      A]>.u(  Irtun  Ihe  (.icl  thai    l.  .  i» 

111   .  \     I  am  %ali>lic\i  iiial   iii   my 

o\\  i'     ^    are  nut  what   is  wanted. 

What  u^c  do  want  almoikt  a>  much  a»  a  cheap  price  i»  a  - 
much  greater  educaiion  of  the  consumer,  as  I  am  convinced 
that  a  {[real  deal  of  the  prc!>ent  opposition  to  electric  cook- 
ing arises  purely  frum  prejudice. 

Mr.  K.  C.  K\i-iiAKi   :    rill-  author  has  adopted  the  con- 
siiv  ;i   o^    view  a  little   too   completely.     He   h.is 

gii.  riom  a  particular  casic  as  a  consumer  alway^ 

does.  Much  too  great  publicity  has  been  given  to  this 
extravagant  and  unsuccessful  experiment,  and  if  the 
author  had  got  into  communication  with  makers  and 
centrai-slalion  engineers  who  are  in  touch  with  the 
users  of  electric  cookers  he  would  have  found  that  his 
experiences  are  to  a  large  extent  isolated.  I  need  not 
deal  further  with  the  author's  figures,  as  other  5|>eakers 
h;r.  ■•    shown   that    they    must    be    received    with 

ciM  distrust,  but   I  will  refer  to  a  few  technical 

points  in  the  paper.  The  plug  shown  in  Fig.  i 
would  be  likely  to  give  trouble  ;  in  fact  only  this  after- 
noon I  had  my  attention  called  to  a  short-circuit  or 
earth  through  a  plug  which  had  a  ring  unfortunately 
connected  to  earlh  and  hkc  the  collar  of  that  shown  in 
Fig.  2  only  sunk.  In  fumbling  to  gel  the  plug  in,  cuiilact 
was  frequently  made  between  one  of  the  pins  and  the  ring 
by  the  user.  I  think  iiio»t  people  will  agree  with  me  that 
the  chief  virtue  of  the  hand-shield  plug  is  not  to  prevent 
people  getting  shocks  when  putting  it  in,  but  to  prevent 
any  strain  on  the  flexible  wire.  The  author  need  not  lave 
gone  to  so  much  trouble  lo  test  flexible  wires,  because 
many  of  us  could  have  told  him  that  if  he  uses  the  ordinary 
circular  braided  tiexible  wire  it  will  nut  kink  and  will  con- 
sequently last  lunger  than  the  ordinary  twin  flexible.  We 
could  also  have  lold  him  that  if  he  uses  tinned  vulcanized 
flexible  wire  in  small  sizes  the  conductors  aic  liable  lo 
break  owing  to  the  action  of  the  tinning  on  the  Ihiii  wire. 
There  is  one  question  which  1  had  hoped  would  l>c  fully 
ciiscussed,  although  it  is  not  mentioned  in  the  paper  ;  it 
arises  in  connection  with  the  section  of  the  paper  on 
"  FZarthing.'  \  large  cooker  requiring  a  consi>:- 
nunit>cr  •!<  kilowatts  may,  on  sonic  distributors.  Ik-  : 
a  I'   ^  meet   to  one  side  of  a  3-wire  iieluoik,  cuii 

qu>  c   station  engineers  are  adopting  the  prjcli> 

of  dividing  It  into  two  parts,  one  connected  to  each  side  ol 
the  ;-wirc   ^v^lelll.     I   know  tliat   many  makers  of  electric 


mv  reinarkk  to  the 


Me  does  nul,  as  .4 

or  suggest  all  jht  1 

I  am  one  of  1  ^1 

exclusively   aim    111..1;;.      ..  ^      -,    ,- ..■    ^nw    i.*.-.     lo 

pav  lor  the  energy  coii^uiiiiil  l-Liiiuiijicly  I  am  able 
to  adopt  Ihe  ' 

i,lW<  uiiitN   w 

iiliprovemelll,  111    1  ' 

now   using  a  cuiim  c 

author  must  undoufUedly  know  thai  tiie  :i  the 

past    to  ascertain   a   consumers   maximun .;,  etc., 

by  costly  instruments  and  complicated  tariffs  have  done 
much  lo  retard  progress.  Now  the  Vorwich  system  pre- 
sents an  easily  understandable  iiiclhoil  based  uii  cum- 
inercial   lines,  and  because   it  does  n  ! 

every  case  it  is  subjected  to  severe  C' 
see  how  siiiiilar  nietliud-.  operate 

We  have  the  telephone  with  it^  4 

fixed  number  of  calls,  and  additional  calls  on  a  certain 
scale.     At  my  house  last  year  I  only  used  half  the  number 
of  calls  allowable  but  received  no  relute.     Then  the  rail- 
way companies  carry  passengers  uplo  5  >^  '  ' 
from  3  to  II  years  half-price,  and  above  . 
one  charge  irrespective  of  size,  weight,  01 
senger.     With  telegrams,   the  charge  is   ~ 
3  or  I J  words  arc  transmitted.     In  1 

ancc,  we  pay  on  an  average  rate.    F"or  . .    ,      ,        > 

the  man  with  an  income  of  iTibo  per  annum  or  less  goes 
free  and  the  greater  the  income  Ihe  greater  the  rale  of  lax. 
Letters  are  paid  at  id.  whether  |  or  4  ox.  are  sent  through 
the  post.     Tlie  "  Law  of  .\verages  "  must  p!<. 
cheapest  and  simplest   nielhrxl    !^  to  be  ai. 
these  reasons  the  Norwi  will  survive  uUciiln.i»iii. 

1   quite  admit   that    m^•  -    may    be    iiudi-   to   --.nt 

different  localities  and  circumstances,  such  as  ^ 
percentage  according  to  the  rateable  value,  or  ^..  ,  .....  -i 
lower  percentage  for  healing  and  cooking  only,  as  a  iiied 
charge  in  respect  to  the  service  costs  and  demand  on  Ihe 
station,  or  allowing  so  many  units  free  per  {sound  of  rate- 
able value,  but  the  principle  will  remain,  vU.  a  fixed  charge 
reckoned  as  a  prroentige  of  the  rateable  value  plu>  a  -mall 
secondary  cli  .11  current  consumed.      1 

has  given  an  i  •       .         i  comparative  cosi>  ut  c 
there  are  certain  notable  omisMons.     He  does  i: 
number  of  units  used  for  lighting  in  each  case,  iiv..  w..^  .   .c 
slate  Ihe   rateable   value  of   the    house.     As,   however,  he 
quotes  ill   his   second  table    .        . 

iiiiil    I   shall  take   the  same  .: 

oxiinately  050  units.     Wc   iLcilUii.   1.  i'-'.^" 

15s.   3d.    for    in--   electricity    supply  01  v      If 

Ihe  energy    were   ^  at    Jd.    per    unit    n    leave* 

£iy  iSs.  lod.  as  a  iii.  . ^c,  which  on  a  ba>4»  i-f  i.-J  jht 
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ir.  Punc.     cent  represents  ^iii   los.  8d.  rateable  value,  or  an  ;miin;il 

rent  of,  say,  £i2^.    Thus  :— 

£     s.      d. 

Electrical  energy  for  light        2  i6    3 

„  „         ,,    cooking 21    u)     o 

Meters       100 


Less  5,674  units  at  id. 


25  15    3 
II  16    5 


13  18  10 
;f  13  i8s.  lod. ^  12J  per  cent  of  in    10     8 

If,  however,  the  percentage  is  only  10  per  cent  as  in  some 
Ciises,  then  the  rateable  value  would  be  .£139,  or  a  rent  of  say 
_^i6o  per  annum.  I  cannot  conceive  a  house  of  such  a  size 
using  only  5,i>74  units  per  annum.  If  it  is  in  fact  rated  at 
less  than  the  figure  deduced  above,  then  the  Norwich  system 
will  show  a  saving  ;  if  on  the  other  hand  it  is  of  a  higher 
rateable  value,  then  it  is  one  of  the  exceptions  but  for 
which  the  Xorwich  system  would  be  perfect.  In  support 
of  mj'  contention  that  the  consumption  is  small  for  such 
a  house  I   give  the  following  actual  examples. 

Rateable  Value  Units  per  .Annum 

.^31        4/'73 

5.267 


£38 

£a3 
.£136 


6,683 

6,502 

6,656 

10,270  (7  months) 


Xo  doubt  the  fifth  example  given  will  be  taken  by  the 
author  in  support  of  his  contention,  but  knowing  the  full 
circumstances  I  say  that  the  difference  is  more  than 
justitied  ;  both  consumers  are  receiving  equitable  treat- 
ment and  both  are  quite  satisfied.  Of  course  the  examples 
given  are  where  electrical  heating  and  cooking  are 
employed.  I  could  give  many  other  examples  of  con- 
sumers using  lighting  onh-  who,  bv  adopting  the  rate- 
able-value system,  pay  approximately  the  same  as  on 
the  flat  rate  ;  which  means  that  when  they  feel  inclined 
to  adopt  electric  heating  and  cooking  it  will  not  cost 
them  more  than  Jd.  per  unit.  The  author's  concluding 
remarks  dispel  any  fear  as  to  the  effect  on  the  system 
of  such  an  additional  load.  Finally,  as  to  his  contention 
in  regard  to  the  business  which  we  do  not  succeed  in 
attracting  :  I  saj-  that  we  have  secured  a  great  deal  of 
business — lighting,  heating,  and  cooking — by  the  Norwich 
or  rateable-value  tariff,  and  no  other  tariff  would  have 
secured  this  business.  Further,  I  am  certain  that  the 
business  that  we  have  not  so  far  secured  would  not  be 
accelerated  in  the  shghtest  by  any  addition  to  or  varia- 
tion of  the  present  rateable-value  tariff  or  by  the  adoption 
rf  some  other  tariff. 

Mr.  W.  R.  Cooper  {in  npty)  :  The  discussion  has  been 
marked  by  some  of  the  most  illogical  statements  I  have 
ever  heard.  It  has  also  been  marked  by  extreme  sensi- 
tiveness to  criticism  on  the  part  of  certain  members.  This, 
it  seems  to  me,  is  unfortunate,  and  I  can  only  conclude  that 
these  sensitive  members  have  an  inordinate  fear  of  the  gas 
technical  Press.  The  domestic  consumer,  with  whom  I 
deal  in  the  paper,  is  not  going  to  trouble  about  what  is 
written  in  the  gas  Press,  but  will  be  guided  by  whether 
electric  cooking  is  a  good  thing  and  whether  his  interests 


are  properly  considered.  I  make  it  clear  in  the  paper  that  Mr. 
I  am  dealing  with  a  particular  class  of  consumer,  the  one  ""P'^"'' 
who  is  now  depending  on  coal  and  who  requires  a  fair 
amount  of  cooking,  and  I  do  not  generalize,  notwithstanding 
statements  to  the  contrary.  Briefly,  I  say  that  electric 
cooking  is  very  good  and  that  with  a  suitable  tariff,  such  as 
is  given  by  certain  "  Point  Five  "  engineers,  the  cost  of 
electric  cooking  (including  all  charges  for  hot  water  with 
a  separate  coke  boiler)  is  about  the  same  as  with  coal. 
Personally  I  regard  this  as  a  very  satisfactory  result,  but 
some  speakers  (without  foundation,  in  my  opinion)  seem 
to  regard  it  as  a  most  damaging  statement.  I  do  not  see 
any  reason  to  alter  my  view.  Some  speakers  {e.g.  Mr. 
Grogan)  seem  to  think  I  contend  that  cooking  by  elec- 
tricity must  be  more  expensive  than  with  coal.  I  say 
nothing  of  the  kind,  Tlie  tariff  cannot  be  neglected  in 
such  a  question. 

I  think  it  best  to  deal  first  with  some  general  points,  and 
then  with  some  of  the  speakers'  remarks  in  detail.  Many 
of  tlie  criticisms  have  been  answered  by  one  speaker  or 
another.  As  an  instance  of  illogical  statements,  let  me 
take  the  question  of  the  consumption  of  energy  per  person 
per  day.  I  give  a  figure  of  i'6-2'o  units.  In  criticizing 
these  figures  several  speakers  (notably  Mr.  Grogan)  insist 
on  comparing  incomparables.  They  mention  that  some 
consumer  with  an  indefinite  cooker  and  an  indefinite 
menu  obtained  lower  figures  than  mine,  and  tlicrcforc  my 
figures  must  be  wrong.  If  an  engineer  were  to  say  that 
because  a  certain  tramway  consumes  energy  at  the  rate  of 
one  unit  per  car-mile  therefore  a  railway  should  also  run 
with  a  consumption  of  one  unit  per  car-mile,  I  am  quite 
sure  that  he  would  be  regarded  by  Mr.  Grogan  and  others 
as  a  technical  lunatic.  Yet  Mr.  Grogan  argues  on  those 
lines  in  regard   to  electric  cooking.     Fig.  A  herewith   is 
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Fig.  a.— Record  of  Electric  Cooking,  by  J.  R.  Cravath, 
Friday,  4  January,  1907. 

reproduced  from  a  paper  which  I  read  before  the  Institution 

in    1908,*  and  shows  a  record  of  a  certain  household.     A 

casual  comparison  of  this  with  the  records  given  in  the 

present  paper  ought  to  be  enough  to  show  that  these  two 

cases  could  not  be  justly  compared,  and  so  it  is  with  many 

others.     Mr.  Seabrook  rightly  remarks  that  it  is  no  good 

comparing  what  one  liousehold   does  with  what  another 

does.     In  the  case  which  I  consider  there  were  generally 

three  hot  meals  per  day,  and  for  the  menu  that  is  followed 

I  do  not  consider  the  consumption  is  high — a  view  which 

is  supported  by  Mr.  Downe's  figure  of  11  units.     I  quite 

admit  that  lower  consumptions  are  obtainable  under  other 

conditions   and   a   different   menu.     They  are  matters   of 

common  knowledge.     All  this,  it  seems  to  me,  should  be 

common   sense  and  should   not  give  rise   to  acrimonious 

discussion. 

There  has  been  some  criticism  of  the  title  of  the  paper 

on  the  ground  that  I  am  a  technical  and   not  a  lay  con- 

•  W.  R.  Cooper.     Domestic  electricity  supply  (including  heating 
and  cooking)  as  affected  liy  tariffs.    Joiirmil  I.E.E.,  vol.  42,  p.  26,  igog. 
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kuiiiri  I  (emt  Ihal  a  papor  by  a  Uv  coiiMinicr  would  iiul 
be  vriy  accrpt4l<lc  lu  Ihr  liulituliuii,  for  kuch  a  coiuuiiier 
cannot  |>u  t    ■'  ■  -■  'm>  tliflicullick.     Uy  object  wa*  to 

look  at  III.1  '\  fiuiii  (tic  coii>uiitci'>  putiil  of 

vi.  '.  do  i(  cli  ^  10 

II  UVUV.  \<  III* 
O:  t:tlli.'r  til  I  ici,  uiid 
tl.>  ..  («riiiiili>  '  .(.'  wold 
"  iiiamly  '  in  tlir  »ub-lillc. 

I  do  nut  touch  on  Ihr  Mibjcct^  ul  rr^i  •m  .ni-  and  g*» 
Itccauiic  I  am  dcjliii)*  with  a  pai  licular  i  ii^uincr, 

a>  aire- . '■  '         I.  l»ut  most  of  ilic  |'.>i  i :   i-   ij'plicaWc 

to  all  iini-r>. 

^  vi-  ilwclt 

III  I  r.t«ilv 
h.. 

»t:  .  . 

Ihaiikcd  nic  I>m  ■Iuiii)'  m>.  As  Mr.  Uowiic  remarks  :  "  Thc 
advauLa^cs  .11  c  .tppuicnt  to  ull  of  us."  Then  why  docs  Mr. 
l>owiic  3^  to  have  thcni  more  clearly  defined  :  This  isan 
CI  .  '         t|vrr  was  not  intended  for  a. 

la  it  oii({ht  to  be  posMbIc  for 

us  to  :i.ilUi>  A»  engineers. 

Wiv  t    water,  it  is   well    known  that  one 

of  -  >ct  up  a)JJin^l  electric  cooking  in  cum- 

[>(  il  Is  the  provision  of  hot  water.   Mr.  Word- 

in.  ports  this  view,  and  it  scarcely  needs  uTj.'unient 

A  ii<.'»^>.  voider  usin^  coal  is  apt  to  say  that  if  he  has  to  use 
such  fuel  for  heating  water  he  may  as  well  use  it  fur  cooking 
as  well.  Our  coin|ietitois  know  how  to  use  this  argument 
readily  enough.  It  therefore  seems  curious  that  some 
members  ^wliile  very  sensitive  to  the  mildest  criticism 
should  proceed  to  condemn  electric  water  hcatiii;{  unre- 
servetlly  if  they  do  not  themselves -hapiHrn  to  liave  any- 
thing to  oftcr  in  this  direction.  1  think  this  narrowness  of 
view  is  unfortunate.  In  any  case  it  is  more  logical  to 
condemn  a  thing  after  use  than  before. 

My  attitude  towardsiihe  electric  healing  of  water  is  that 
though  It  is  not  wise  to  adopt  it  where  the  quantity  of 
water  is  very  large  l!;e  iiu-lhod  has  very  marked  advantages. 
Mr.  Oowiie  mi^-:  ive  satisfied  himself  that  in  his 

case  electricity  w  .  been  more  expensive  than  coke, 

without  going  to  the  expense  of  actually  trying  it. 
Hersonally  I  would  not  have  tried  it  in  that  case,  nor  yet 
in  a  warship.  Even  so,  }d.  per  unit  for  thermal  storage  is 
not  a  fair  charge.  At  id.  per  unit  the  cost  would  have 
been  10s.  as  compared  with  7s.  for  coke,  which  is  not  such 
a  very  great  difference.  Of  course,  a  heater  of, -say,  10  kw. 
capacity  for  water  can  be  used,  as  Mr.  (irogan  suggests, 
but  then  it  will  be  in  circuit  only  mtcriniltently  and  there- 
fore the  energy  cannot  be  obtained  on  such  advantageous 
terms.    Thus  the  essential  part — a  suitable  tariff — is  absent. 

What  IS  forgotten  by  many  speakers,  and  what  is  well  set 
forth  by  Mr.  Wilkinson,  is  the  very  great  convenience  of 
el'  '1  water,  and  for  this  it  may  be  well  worth 

p.. .  ..;.     Kven   with  :i  coke  lK>ilcr  the  water  is 

not  niv  ways  he!  .ly  in  the  early  morn- 

ing, an.  -  have  a  ri  lacility  for  letting  the 

fire  out  when  the  water  ought  to  be  hot.  With  electric 
water  healing  this  all  becomes  automatic. 

As  regards  station  costs,  Mr.  Grogan  must  remember 
that  It  costs  very  little  to  produce  additioiul  energy  on  a 
too   per  cent  load  factor.     In  any  case  I  am  content  to 
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»he  has  a  therinomctcr.     Very  lew  ovent  .• 

ktalioiiary  temperature  with  current  on      I  k 

to  know  if  the  oven  is  getting  to.i  liot  uiil  .e 

indicator  f     II  seems  to  me  that  ease  i.(  1.  i- 

able    no    matter     how     niaiiv     dislir^     tl.>  << 

m.f  '   in  the  oven,  i  .j 

be  .Miy  only  by  n  .  y 

aided  by  the  thermometer. 

Mr.  Urogan  implies  tlut  the  tem|vrraturc  sttown  by  the 
tbermomeler  is  the  temperature  at  which  the  meal  was 
cooked,  yet  he  complains  that  these  Ihermomelers  arc,  as  a 
rule,  wholly  inaccurate.  In  regard  to  the  first  poiol.  I 
suggest  nothing  of  the  kind.  Obviously  the  two  tcmpera- 
ture>  arc  likely  to  be  duiercnl.  That  i>  why  I  speak 
of  ■■  calibrating  ■  the  oven.     I  Ih  c 

some  indication  of  this.     It  is  a  .  a 

cook  has  to  get  to  "  know  "  her  '  < 

certain  of  her  cooking.     I  suggc-i    - _.ac 

way  get  to  know  her  electric  oven,  and  if  there  i%  a 
thermometer  slie  will  know  it  far  better  than  by  any  other 
means. 

Mr.  (irogan  thinks  that   1  ought  I"  "  tr 

temperatures.     I   found  that  if   I  tisi  s 

the  meat  was  not   suflicientjy  cooked.     N  d 

bv  cooked  by  more  prolonged  cooking  at  ..  _      .»- 

ture,  but  if  Mr.  (irogan  wishes  for  that  he  must  issue 
special  rules  for  the  cook  and  not  de{send  on  the  usual 
practice,  which  I  followed.  Mr.  (irogan's  remarks,  how- 
ever, are  evidently  based  on  the  a»uniption  that  the 
thermometer  necessarily  indicates  the  tem(yrralure  of  the 
meal.     In  the  present  instance  tlic  t!:  -  near 

the   top  of  the  oven  and  thcreiore  I  :  it  to 

indicate  a  higher  temperature  ttiaii  that  01  the  meaL 

Mr.  Seabrook  remarks  that,  in  his  district,  if  ther- 
mometers were  fixed  they  would  be  removed.  If  by  this 
he  means  that  the  Klectricily  Department  would  remove 
them  (and  I  do  not  know  who  else  would  do  sol  then  I 
think  th  :  .e. 

I  am  1  bv  Mr.  rv»wne  for 

shrinkage.  1 

obtained  the  .; 

is  roughly  the  same,  being  1  fl  per  cent,  as  con. 
my  figure  of  io|  per  cent.     There  seems  to  be  ^..  . 
sion  that  I  consider  the  saving  in  sliriiikage  to  l«r 
value.     This  is  quite  a  inislake.     In  any  ca>c  it  :      ' 
but  more  particularly  in  rcslaur.int-  >»ilh  ul  1 
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work  tlie  paper  is  not  concerned).  My  only  objection  is 
against  the  domestic  consumer  being  given  exaggerated 
views,  sucli,  for  example,  that  lie  will  be  able  to  pay  the 
whole  of  his  electricity  bill  for  cooking  by  the  reduction 
in  his  butcher's  bill. 

As  to  the  load  factor  of  the  larger  consumer  being  better 
than  that  of  the  smaller  consumer,  it  seems  to  me  that  this 
follows  as  a  matter  of  course,  because  the  consumption 
increases  as  the  number  of  persons  is  increased  and  the 
number  of  units  per  person  per  day  is  also  greater.  This, 
however,  would  not  be  true  of  a  large  and  a  small  con- 
sumer in  the  same  class,  because  there  is  a  certain 
economy  as  the  number  of  persons  in  a  family  increases. 
What  I  had  in  mind  was  practically  the  comparison 
between  a  consumer  who  changes  from  gas  and  one  who 
changes  from  coal.  I  think  this  is  clear  from  the  context. 
Some  criticisms  have  been  made  as  to  the  earthed  ring 
which  I  propose  for  plugs.  I  think  it  is  obvious  that  if  the 
ring  is  as  deep  as  the  pins  are  long  the  difliculties  sug- 
gested bv  various  speakers  do  not  arise.  Of  course,  if  it 
were  a  narrow  ring  there  might  be  trouble,  but  then  the 
whole  object  of  it  would  be  lost.  I  do  not  feel  strongly 
in  regard  to  earthing  the  ring,  and  in  any  case  earthing 
would  only  be  adopted  in  the  kitchen. 

As  to  the  earthing  of  cookers  and  accessory  apparatus, 
I  am  glad  to  find  that  I  am  supported  by  Mr.  Nichols 
Moore,  Mr.  Allen,  and  otlier  speakers.  Although  some 
seem  to  think  that  everything  is  done  that  should  be  done, 
I  beheve  I  am  right  in  saying  that  there  is  no  compulsion 
at  present  about  earthing  such  apparatus  in  private  houses, 
nor  is  there  any  Institution  Rule  in  regard  to  it.  No 
doubt  some  engineers  see  that  earthing  is  properly 
carried  out,  but  it  is  common  knowledge  that  this  is  by  no 
means  alwaj's  the  case.  I  do  not  wish  to  dot  all  the  i's 
and  cross  all  the  /'s  ;  this  should  not  be  necessary. 

Some  speakers  seem  to  think  that  I  have  stated  that 
consumers  do  not  object  to  purchasing  a  cooker.  That  is 
not  quite  so.  Unfortunately,  in  man}'  districts  consumers 
cannot  hire  apparatus ;  the}'  must  purchase  or  have 
nothing.  What  my  statement  was  meant  to  convey  was, 
that  if  a  consumer  is  induced  to  go  so  far  as  to  purchase  a 
cooker  he  will  probably  object  to  paying  a  further  sum 
for  what  seems  to  him  to  be  useless  extras. 

Many  speakers  have  emphasized  the  fact  that  there  is 
cheaper  apparatus  to  be  had.  I  mention  this  myself,  and 
therefore  I  do  not  understand  why  this  statement  was  not 
sufficient.  For  the  particular  conditions  before  me  I  took 
the  apparatus  that  I  did  ;  under  different  circumstances  I 
might  have  taken  very  much  cheaper  apparatus.  It  is 
purely  a  question  of  conditions. 

Let  me  now  pass  more  to  the  remarks  of  individual 
speakers. 

Mr.  Wilkinson  has  misunderstood  me  a  little,  or  perhaps 
I  have  not  been  quite  definite  enough,  in  regard  to  the 
use  of  the  coke-fired  boiler  as  an  auxiliary  for  cooking. 
As  a  rule  the  heat  is  scarcely  sufficient  for  boiling,  but  it  is 
often  an  advantage  to  be  able  to  keep  a  utensil  hot  (for 
example,  in  making  porridge)  without  using  a  hot-plate 
for  the  purpose.  When  boiling  water  was  required  for 
any  purpose  the  kettle  was  filled  from  the  hot-water 
supply  and  then  heated  electrically  to  the  boiling  point. 

I  do  not  agree  with  Mr.  Wordingham  that  the  quick 
heating  of  an  electric   oven   militates   against   cheapness 


owing  to  the  greater  demand  on  the  supply  station.  This  Mr, 
would  be  true  if  cooking  apparatus  were  supplied  on  a  ""f"-''- 
maximum-demand  tariff,  but  it  never  is,  for  obvious 
reasons.  The  station  engineer  relies  on  the  diversity 
of  the  individual  demands  to  render  such  peaks  innocuous. 
With  regard  to  standardization,  to  which  Mr.  Wordingham 
refers,  this  is  a  difficult  question.  My  own  feeling  is  that 
very  little  should  be  done  in  this  direction  until  electric 
cookers  have  somewhat  standardized  tliLMiiselves.  Other- 
wise, progress  may  be  hampered  through  development 
along  some  suitable  line  being  prevented.  1  quite  agree 
that  full  advantage  should  be  taken  of  the  long  experience 
gained  by  manufacturers  of  gas  and  coal  ranges. 

In  reply  to  Mr.  Allen  the  dimensions  of  my  oven  are 
23J  in.  high  x  16  in.  wide  X  14  in.  deep,  excluding  the 
projecting  lagging  of  the  oven  door.  The  reduction  in 
the  cost  of  energy  for  lighting  and  other  uses  is  due  to 
the  fact  that  the  earlier  cost  is  on  the  maximum-demand 
system  and  the  later  cost  is  on  a  tariff  with  a  fixed  charge 
per  annum  plus  a  charge  per  unit.  There  is  no  heating, 
the  "other  uses"  being  experimental  work.  In  order  to 
make  matters  truly  comparable,  the  same  number  of  units 
were  taken  in  both  cases  for  lighting  and  "  other  uses." 
As  to  steel  tubing,  I  do  not  say  this  is  compulsory,  but 
that  it  is  the  fashion.  Many  contractors  recognize  steel 
tubing  as  the  standard  thing,  the  line  of  least  resistance, 
and  use  it  without  further  consideration.  With  regard 
to  the  tests  on  flexible  wires,  three  tests  (Nos.  11,  12, 
and  13)  are  given  on  flexible  wires  reinforced  with  steel 
wire.  I  agree  with  Mr.  Allen  that  the  assessment  tarift' 
is  (as  far  as  I  know)  always  optional,  there  being  as  an 
alternative  a  flat  rate,  but  the  difficulty  to  the  consumer 
is  that  the  flat  rate  will  probably  cost  him  more  and  that  if 
the  cook  is  wasteful  the  payment  on  account  of  waste  will 
be  more  serious. 

I  fear  that  Mr.  Downe  must  not  expect  all  would-be 
cooking  consumers  to  live  in  his  district.  It  would  be 
a  great  advantage  if  all  other  engineers  would  follow  the 
enlightened  policy  of  Mr.  Downe.  There  seems  to  be 
rather  a  tendency  to  regard  a  "  cooker  "  as  being  of  the 
same  value  whatever  the  rating.  Mr.  Downe  does  not 
give  the  details  of  his  cooker  for  £1^  ;  as  far  as  I  can 
gather  it  is  smaller  than  the  one  to  which  I  refer  and 
of  a  different  type.  Also  he  does  not  say  how  he 
provides  for  hot  water.  Further,  I  state  specifically  that 
my  prices  are  "  list  prices." 

Mr.  Grogan  complains  that  the  cost  of  connecting  up  is 
absurdly  high,  and  at  the  same  time  some  speakers  have 
objected  that  I  am  a  technical  consumer.  Being  rather 
pressed  at  the  time,  I  lapsed  into  a  lay  consumer  and 
allowed  the  electricity  undertaking  to  connect  up. 

As  to  the  coke  boiler,  I  do  not  see  why  Mr.  Grogan 
would  exclude  this  from  the  cost  of  the  equipment.  The 
case  under  consideration  is  the  replacement  of  a  coal 
range  by  an  electric  cooker.  The  coal  range  might  be 
used  for  hot  water  alone,  but  it  would  be  very  waste- 
ful. The  consumer  must  consider  the  expenditure  as  a 
whole.  As  to  the  price  of  the  coke  boiler,  I  do  not  know 
whether  Mr.  Grogan  really  means  that  the  list  price  of  six 
guineas  includes  connecting  up.  It  certainly  does  not,  nor 
could  it  include  a  figure  which  is  necessarily  indefinite. 
Pipe-work  is  always  expensive,  and  even  the  ordinary 
plumber    or   builder   (to    whom    I    did  go)   expects    and 
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lion  dial  it  given,  and  I  think  thai  a  kuiisfjctory  rcMill 
drpciid»  to  Mmir  crxtrnl  on  the  lrn|{th  o(  Ihc  pipc-u-uil: 
OhvK>u»lv  hoihiit!  inii^I  l>c  avoided  on  account  t>l  luriin. 
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tioni>,  and   pioltably  the   working   vkiuilit    l>c   i  n 

anthracile.  In  regard  to  hiring  of  OHikeia,  I  quite  a|>ree 
thai  this  is  most  inipurlant,  but  Mr.  Uro^an  must  l>e  well 
aware  that  unfortunately  the  majority  of  municipalities  are 
unable  to  adopt  this  iiKthiHt  uiidi-r  pi< 

As  to  ihc  tcsis  on  Hcxil<lr\    no  tcs'. 
in  li  .CM.   U^U  li.iil  icici 

cnn  .  not  to   cookers.     1 

am  rather  surprised  that  Mr.  iiiogaii  >ujyje»ts  rubber 
insulation  for  wires  in  cookers.  It  seems  tu  me  th.tt 
asbestos  (though  not  an  ideal  material)  should  be  used, 
and  my  impression  is  that  asbestos-covered  wire  v>  Ihc 
most  usual  for  this  kind  of  work. 

With  regard  to  Mr.  Cirogan's  coiicludiii);  remark,  I 
did  not  omit  to  take  advice  as  he  su(yjcsi>.  On  the  oilier 
hand  I  have  not  always  found  such  advice  to  be  of  the  best  ; 
in  fad,  I  have  even  known  the  advisers  to  be  satisfied  with 
bad  results.  In  Mr.  Orogan's  opinion  my  cxperiinent  has 
proved  nothing.  In  my  view  it  lias  shown  that,  for  a 
household  of  the  character  descritied,  Ihe  cost  of  cooking 
electrically  on  certain  tarilTs  need  be  no  greater  than  the 
cost  of  cooking  by  coal,  and  that  the  consumption  per 
pri~  IV  reached  a  figure  which  has  been  supported 

by  ■  .ikers. 

Mr.  Haiiison  docs  not  state  the  size  of  hi>  cooker,  nor 
bow  he  heats  the  water  that  is  used.  I  do  not  understand 
how  Ml.  Harrison,  as  an  engineer,  c;in  sum  up  the  paper 
in  a  bald  statement  to  the  effect  that  a  certain  expenditure 
gave  a  minus  economy.  It  should  be  obvious  that  the 
economy,  plus  or  minus,  must  depend  on  the  lariflf,  other 
Ihiiijjs  being  equal.  I  agree  that  the  electric  oven  is  more 
cflhcienl  than  other  forms,  but  what  we  are  ultimately 
concerned  with  is  cost. 

In  reply  lo  Mr.  Mordey,  it  is  not  always  easy  on  inspec- 
tion to  judge  the  extent  to  which  a  joint  is  "  fat "  or  "  lean." 
I  think  part  of  the  loss  is  due  to  fat  going  into  the  pan  and 
part  to  loss  of  moisture.  The  latter  cannot,  however,  be 
dismissed  on  that  account.  I  think  it  may  be  taken  for 
granted  that  if  mure  than  a  certain  proportion  of  moisture 
is  removed  the  meal  suflers  as  a  food.  I  fear  that  any 
attempt  to  make  an  oven  either  moisture-proof  or  heat-proof 
would  be  too  expensive,  and  would  in  aiiv  case  l>e  open 
to  the  objection  that  the  door  must  be  opened  from  time 
lo  time  for  operation. 

Mr.  Pinkncy  draws  attention  lo  the  fact  that  some  of  the 
curves  show  a  very  long-hour  use  of  the  cooker.  I  have 
no  note  of  what  was  cooked  on  Ihc  days  when  the  records 
were  taken,  but  it  must  not  be  lorgollcn  thai  some  dishes 
lake  a  long  time.  For  example,  a  steamed  pudding  takes 
three  hours  and  some  puddings  take  six  hours.  In  regard 
to  earthing,  I  believe  I  am  correct  in  saying  that  a  supply 
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consumer  would  agree  with  Mr,  (iillotl's  way  of  looking  at 
Ihc  cost  of  cooking,  because  the  difference  as  a  whole  is 
what  Ihc  consumer  looks  at.     It  is  difitcult  to  allocate  Ihc 
fixed  charge.     The  number  of  units  and  the  average  )  : 
are  the   iiiifxirtanl    (Kiinls.      If  the  averajje  price  is  !  .,  ■ 
over  the  v.  :e  units,  it  is  oi 

I  think  f   has   misun<l<.  .rd  lo 

Ihe  saving  in  shrinkage.     The  lo  per  cent  i  the 

meat,  not  in  the  energy  used  in  cooking  it.     .  .iig  is 

therefore  worth  having.  Also,  I  did  not  suggest  that 
engineers  arc  more  concerned  in  competing  with  cal  : 
we  arc  certainly  more  concerned  with  competing  ajJai:i-i 
gas,  but  it  is  also  well  to  see  how  we  sta:    ' 

Mr.  Raphael   seems  to  think  that  the 
wires  is  very  simple,  but  if  ihat  is  so  I  Jo  nut   >. 
wliv  makers  have  taken  the  trouble  to  get  out  spi . 

Mr.  Purse  has  made  certain  calculations  and  has  drawn 
certain  deductions  from  them.    These,  however,  are  wrong 
because   his    basis   is  incorrect,      .\ctiially  the  secondary 
charge   was  higher   than  {d.,  but   I   have  not  given   full 
details   because  the  land   was  somewhat  tentative.     One 
of  the  chief  points  that    I   sought   to  make   in 
tarilTs  is  that  the  Consumer  with  a  high  assessnv 
not   Ik-  penah/ed    and    lost   for   the    sake 
adherence  to  a  particular  (aiiff,  however  e\ct 
be  under  certain  conditions. 

AJ.UnJum. — I  cannot  close  this  reply  willtoul  alluding 
to  the  very  marked  difference  in  tone  between  the  discus- 
sion of  this  paper  in  London  and  the  discussions  at  the 
Local  Sections.     In  Ihe  London  discus^tioii  inv  views  have 
•.c<l.     Al    N' 
.    praclic.ii 
Ks  ol   one  sfMraKer  in 
i;  .  en  to  the  point  and  my  j 

taken  in  Ihe  spirit  in  which  it  was  written, 
remarks  in  London  showed  a  desire  on  Ihe  pan  ol  speakers 
to  stifle  discussion  of  this  important  subject.     I  feel,  how- 
ever, ihat  we  must  above  all   :' 
engineers,  thai  technical  asp, 

thai  true  progress  is  seiv  iig  tkiicic  t>ai  liitti- 

cullies  he,  with  a  view  tu 
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[Pre/iilory  .W/t'.— Tlic  frictional  and  otlicr  resistances  to 
motion  inherent  in  meter  trains  belonsj  to  the  troublesome 
region  of  things  which  are  too  small  to  be  measured  by 
one  or  two  easy  experiments  and  dismissed  in  half-a-dozen 
paragraphs,  and  yet  not  quite  small  enough  to  be  ignored 
altogether.  In  such  a  region  nothing  short  of  precise 
measurement  and  careful  analysis  can  lead  to  sound  con- 
clusions ;  hence  the  portentous  length  of  this  Report. 
Parliiriiiiil  monies,  iiasciliir  ndiciiliis  vnis.  Yet  however 
ridiculous  the  friction  mouse  may  look,  his  mischievous 
propensities  arc  a  perennial  source  of  trouble  in  every 
kind  of  motor  meter,  and  it  is  worth  our  while  to  cir- 
cumvent him,  although  he  cannot  be  altogether  laid  by 
the  heels.l 
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Table  8.  Speed-changes  with  jump  counters  (i  and  10  kw.' 

meters). 
Table  9.  Speed-changes  with  jump  counters  (100  kw.  meters). 

Introductory. 

During  the  preparation  of  the  amended  specification  of 
the  Engineering  Standards  Committee  for  electric  supply 
meters  of  the  motor  type,  the  Panel  appointed  by  the  Sub- 
committee on  Electrical  Plant  Accessories  to  assist  the  chair- 
man in  drafting  the  clauses  had  under  consideration  the 
difficulties  that  arise  in  testing  meters  for  accuracy  owing  to 
the  variable  resistance  to  motion  offered  by  the  registering 
train.  At  any  considerable  load  these  variations  in  retarding 
moment  do  not  appreciably  affect  the  speed  of  the  rotor, 
but  the  Panel  was  informed  that  in  many  cases  the  variable 
resistance  of  a  meter  train  was  sufficient  to  cause  marked 
changes  in   speed    at  loads  from  one-tenth   of  full  load, 
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downwards  ;  and  that  although  these  variations  cancel 
out  in  actual  service  they  make  it  difficult  to  obtain 
trustworthy  figures  for  accuracy  at  low  loads  without 
spending  an  inordinate  amount  of  time  upon  the  tests. 

The  Panel  thought  it  desirable  to  obtain  more  precise 
knowledge  of  the  behaviour  of  the  various  kinds  of  meter 
train  before  settling  the  clauses  relating  to  them,  and  the 
British  Electrical  and  Allied  Manufacturers'  Association 
was  accordingly  asked  to  obtain  samples  of  those  in 
common  use,  and  at  the  chairman's  request  the  writer 
undertook  an  experimental  investigation  of  the  causes 
which  lead  to  a  meter  train  offering  a  variable  resist- 
ance to  motion  and  the  extent  to  which  the  variations 
affect  the  speed  of  the  rotor. 

Gener.m.  Puixciples. 

The  subject  is  one  of  considerable  complexity,  and  before 
dealing  with  the  results  obtained  bv  experimijnt  it  will  be 
well  to  begin  with  a  general  description  of  the  different 
types  of  registering  device  which  are  commonly  used  in 
electric  meters,  and  incidentally  to  define  some  of  the 
terms  which  will  be  used  in  this  Report. 

A  complete  meter  train  comprises  a  set  of  registering 
axles  each  carrying  some  means  of  indication,  and  a 
reducing  gear  through  which  the  registering  axles  are 
driven  by  the  rotor.  The  register  axles  are  invariably 
geared  to  each  other  in  the  ratio  of  10  to  i,  the  gear  being 
either  continuous,  in  which  case  the  consumption  is  indi- 
cated as  a  continuously  growing  quantity  ;  or  discontinuous 
— each  axle  coming  into  gear  with  the  next  once  in  each 
revolution — in  which  case  the  consumption  is  counted  unit 
by  unit  and  registered  as  a  numeral. 

Each  axle  of  a  continuously  geared  register  indicates  by 
a  pointer  on  a  figured  dial.  This  is  of  course  the  simplest 
of  all  forms  of  registering  devices,  and  as  it  is  in  almost 
universal  use  in  gas  meters  it  is  often  described  as  a  "  gas 
meter  dial "  ;  in  this  Report,  however,  it  will  be  referred 
to  as  a  pointer  dial  or  pointer  register.  The  difficulty  of 
reading  a  pointer  dial  is  well  known  to  everyone  who  has 
to  do  with  meters,  and  when  the  register  axles  are  geared 
together  with  considerable  back-lash,  as  they  should  be  if 
the  train  is  to  run  freely,  the  pointers  sometimes  give 
positively  misleading  indications. 

Each  axle  of  a  discontinuously  geared  register  carries 
a  disc  or  cylinder  on  which  the  digits  from  o  to  9  are 
marked  ;  these  digit  wheels  (as  they  may  be  called) 
each  showing  one  digit  at  a  time  through  openings  in 
a  dial.  Discontinuous  gears  have  been  in  use  for  the  best 
part  of  a  century  for  the  purpose  of  counting  the  revolu- 
tions or  strokes  of  marines  engines,  pumping  engines, 
and  other  machinery,  and  as  they  are  universally  and 
appropriately  known  as  "counters"  a  meter  train  which 
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lo  change  more  or  less  suddenly  from  one  digit  to  the 
next.  So  far  as  meter  trains  arc  concerned,  the  only  suit- 
able dcvico  of  the   kind  are  thoM-  in  wliich  siinic  of  the 
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Ren-perunit  3,1600  60 
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s  Units 


Kli..  I.— Kcducing  Gear  fur  l-kw.  Meter,  S^ccd  60  r.p  in  at 
Full  Load,  Worm  Drive. 

energy  of  the  rotor  is  spent  in  lifting  a  weight  or  winding 
a  ~r  ...  .  ^j  ^  unit,  the  weiglit  falls, 

01  '.  ives  the  ullit^  digit-wheel 

furuuiii  tiuiii  uiic  iiii^il  tu  tlic  next  pnicticallv  install- 
t.iiieuusly.  In  this  Report  counters  will  be  disliiigui-lu-d 
as  lump  counter^  or  ircef  counters  according  to  whether 
they  are  fitted  with  a  jumper  device  or  not. 

Keducixg  Giuk  fkom  Kotok  to  Registi^k. 

The  reducing  gear  which  transmits  motion  from  the 
rotor  to  the  register  consists  of  a  series  of  axles  so  j;c.ired 
to  each  other  a^  lo  fjive  the  required  ralio  of  n-dii.tion. 
In  ordinary    pi.n.'tn.c  the  rcjiistcring  axles  an-  i!. 

and  a^  llii-  ^I'liiiilc  of  the  rotor  is  vertical,  il  is  m  ;o 

introduce  a  righl -angle  drive  somewhere  in  the  reducing 
gear.  A  worm  gear  is  always  used  for  this  purpose,  and 
more  often  tlian  not  the  worm  is  on  the  rotor  spindle  and 
the  worm  wheel  on  the  first  axle  of  the  rediicin)4  Rear. 

The  various  axles  of  a  meter  train  will  Ix-  rcli-iri-d  lo  - 
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typical  reducing  gears  ironi  tlic  totoi  to 
of  the  register  are  shown  in  Figs.  1  aiiii  ■ 
iitcnded  for  a  1  kilowatt  meter  in  win 
««j  r.p.m.  at  full  load.     The  same  set  01  iM.tci-  1^  u m  1  ^ 
iKitli  the  uorm  drive  and  the   spur   drive,   the  hist  and 
second  a\  ng  their  places  111  i 

It  the  I  111  is  S  r.p.m.  and  tl.i 


Rotor, 
Revi.  per  unit  5,t>oo    boo    lo 


0-1 


Flo.  J.  — Reducing  Gear  for  l-kw.  Meter.  Speed  00  r.p.m.  ai 
Full  Ixiad,  Spur  Drive. 

of  the  meter  is  \V  kilowatts,  then  the  rotor  will  evidently 

make  fio  S;\V  revs,  per  kilowatt-hour,  ..    '  "'  "'  - 

axle  makes  one  revolution  iH.-r  I'nit  the  : 

fji-ar  from  the  rotor  to  the  i 

rai  S  \V.      Hence  the  ratio  fi. 

^>oo  S,'\V  and  so  on.     It  will  be  conveiucnl  to  have  these 

ratios  111  tabular  form  :  — 

T.IBLK    I. 

Ktdiieing  Gear  Ratios. 

From  rotor  to  hundredths  axle  6  S/W  lo  1 

tenths  60  S/W    ., 

units  600  S'W    „ 


tens 


0,000  S/W 


To  avoid   the  continual  repetition  of   long  words,  the 
moment  of  fhctioiial  resistance  of  a  spindle  or  wheel  will 
■       id  to  simply  as  the  friction.     It  is  mi  '     ? 

the  torque  lequired  lo  ivcrcomc  it. 

will  l>e  useil  in  the  sense  iuoJiii.;.i  ul 
mC  ui    wheel, 
i  orques  witi    be   stated  in  and 

when,   in  accordance    with    1.  load 
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torque  of  a  meter  is  given  in  gramme-centimetres,  tlie 
gramme  will  be  supposed  to  have  a  weight  of  i  ,000  dynes, 
instead  of  its  legal  weight  of  981  dynes.* 

It  may  be  useful  to  note  that  a  dyne  is  the  force  with 
which  the  earth  is  attracted  towards  a  mass  of  ro2  milli- 
grammes held  in  tlie  hand. 

Gear  Efficiency. 
The   efficiency    of    gearing   wliich   will    be   froqiientlv 
referred   to  in  this  Report    is   not   the   overall   cfticiency 
obtained    liy  taking   all  losses  into  account,  but  tlic  dif- 
ferential etliciency,  namely  : — 

Increment  of  resisting  moment  on  driven  axle 
Corresponding  increment  of  torque  on  driving  axle' 

In  reckoning  this  cfticiency  the  only  losses  taken  into 
account  are  those  caused  b)'  the  engagement  of  the  gear 
teeth — tooth  losses — and  such  losses  in  the  bearings  as  are 
directly  caused  by  the  power  which  is  transmitted.  In  the 
case  of  gearing  which,  like  that  in  a  meter  train,  runs 
without  lubrication  these  losses  are  simply  proportional  to 
the  speed,  and  since  tlieyare  also  directl)^  proportional  to 
the  load  the  dift'erential  etficiencj'  of  the  gear  is  a  constant 
quantity  independent  both  of  load  and  speed. 

Preliminary  Tf.sts. 
In  response  to  the   invitation  of  tlie  British  Electrical 
and  .-VUied  Manufacturers'  Association  eleven  meter  makers 
or  their  agents  sent  samples  of  the  meter  trains  they  use. 
Thirty  trains  in  all  were  received  made  up  as  follows  : — 


Pointer  dials... 
Creep  counter  dials 
Jump  counter  dials.. 


13 

14 


The  greater  number  of  the  trains  were  intended  for 
meters  of  i  kilowatt  capacity  and  under,  so  that  in  most 
cases  the  reducing  gear  had  a  large  ratio,  and  any  periodic 
variation  in  the  resistance  of  the  counters  would  neces- 
sarily be  reduced  to  a  very  small  value  as  measured  on  the 
rotor  spindle. 

As  a  preliminary  each  train  was  geared  to  a  small 
hysteresis  motor  and  run  until  the  Units  a.\le  had  made. 
a  sufficient  number  of  revolutions  to  secure  a  good  average 
measurement  of  resistance.  During  this  test  the  torque 
applied  by  the  motor  was  varied  to  suit  the  varying- 
resistance  of  the  train  and  any  periodic  variations  that 
were  not  masked  by  the  irregular  friction  which  is  in- 
separable from  a  train  of  gear  wheels  were  duly  noted 
and  their  magnitude  recorded. 

The  hysteresis  motor  used  for  these  tests  can  be  driven 
at  any  peed  up  to  about  160  r.p.m.,  and  any  measured 
torque  can  be  applied  from  zero  up  to  about  80  d.c.  with 
a  precision  of  about  0-2  d.c.  at  all  parts  of  the  range.  The 
torque  is  governed  solely  by  the  strength  of  the  rotating 
field  and  is  absolutely  independent  of  the  speed  until  the 
synchronous  speed  is  nearly  approached.  The  rotor,  which 
has  a  vertical  spindle,  weighs  6  grammes  complete,  and 
the  bearing  friction  is  about  0-4  d.c.  The  moment  of 
inertia  of  the  rotor  is  almost  negligible  and  when  running 
on  a  steady  load  a  very  small  increase  in  resistance  is  suffi- 

•  It  would  be  a  little  more  tlian  981  in  Scotland,  where  gravity  is 
somewhat  greater  than  it  is  in  England. 


cient  to  stop  the  macliiiu'  in  a  few  revolutions.  Pliis 
is  an  important  matter  in  testing  the  friction  of  siuall 
mechanisms,  because  a  motor  which  had  any  considerable 
inertia  would  easily  overcome  temporary  increases  in  resist- 
ance, and  hence  tlie  variation  wliicli  it  is  intended  to  study 
would  pass  entirely  unnoticed. 

Of  the  30  trains  received  21  were  intended  for  a 
worm  drive  from  rotor  to  lirst  a.\le  and  i;  were  arranged 
for  a  spur  gear  drive  ;  these  ge.us  comprising  no  less  than 
13,  and  6,  different  pitches  respectively.  To  avoid  the 
preparation  of  13  worms  and  6  pinions  to  fit  on  the  rotor 
spindle  the  wheel  on  the  first  a.xle  of  each  train  was 
removed  and  a  worm  wheel  or  spur  wheel  specially  pre- 
pared for  the  purpose  was  fitted  in  place  of  it.  Corre- 
sponding with  those  two  special  wheels  a  worm  and  a  spur 
pinion  were  prepared  of  suitable  sizes  to  fit  on  the  rotor 
spindle.  The  use  of  one  worm  gear  and  one  spur  gear  for 
these  tests  had  the  incidental  advantage  that  all  the  trains 
were  tested  under  the  same  conditions  as  regards  efficiency 
and  friction  of  the  gear  between  rotor  and  first  axle,  and 
as  will  be  seen  when  the  tests  are  analysed,  these  factors 
largely  determine  the  friction  of  a  meter  train  as  measured 
on  the  rotor  spindle.  On  the  other  hand,  a  disadvantage 
was  that  the  worm  gear  had  a'liigher  gear  ratio  tlian  the 
worm-driven  trains  were  intended  to  have,  on  an  average, 
and  the  spur  gear  was  of  a  somewhat  lower  ratio  than  the 
average.  This,  however,  merely  involves  a  multiplication 
of  the  test  figures  by  suitable  factors  in  order  to  arrive  at 
values  which  correspond  with  average  practice. 

The  differential  efficiency  of  each  of  the  special  gears 
was  calculated  from  the  dimensions,  taking  the  coefiicient 
of  friction  at  020.  Each  gear  was  then  tested  for 
efficiency  by  fixing  its  wheel  on  a  suitable  axle,  to  which 
measured  resistances  were  applied  by  weights.  The  gear 
being  driven  by  the  hysteresis  motor,  torques  were 
measured  for  a  series  of  loads,  and  the  differential 
efficiency  worked  out  from  the  test  figures.  The  special 
worm  gear  had  a  wheel  of  90  teeth  i'84  cm.  pitch 
diameter,  and  a  single-thread  worm  o'35  cm.  diameter,  the 
gear  ratio  being  go  to  i.  The  special  spur  gear  had  a 
wheel  of  100  teeth  275  cm.  pitch  diameter  and  pinion  of 
20  teeth  0-55  cm.  pitch  diameter,  the  gear  ratio  being 
5  to    I.     The  efficiencies  were  as  follows  ; — 


Special  Gears  for  driving 

Differential  EfSciency 

Meter  Trains 

CalcuLited 

Observed 

Worm  gear 

Spur  gear      

0-22(1 
0-96, 

0-2I6 
0-947 

The  calculated  efficiencies  given  here  only  take  into 
account  the  tooth  losses  and  worm  losses.  The  observed 
values  are  very  nearly  on  the  same  basis,  the  bearing  losses 
resulting  from  the  load  having  been  almost  negligibly 
small  in  these  tests.  The  test  figures  are  sufficient  to  show 
that  both  gears  were  as  nearly  perfect  of  their  kind  as  such 
things  can  be.  It  must  not  be  supposed  that  such  high 
efiiciencies  are  attainable  in  practice,  even  with  equally 
well  cut  gears.  When  the  wheels  are  transferred  from 
testing  axles,  specially  constructed  to  avoid  friction,  to  the 
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thi-.  l.ihlr  llic  ti'i4iic  ^iMii  i>  thai  which  ju:>t  sufticed  lo 
Icvs'  (lie  irain  moving  and  dock  not  include  the  friction  of 
tl..  Every  train  showed  irregular  variations 

111  : .  .  for  ihf  most   part  lhe>e  were  no  more 

llian    «kuuid    Ih:    >  tor    by    the   small  chan^c^    in 

friction  which   ai  i  i  in  all  gearing.     In  two  ca>es, 

however,  there  was  evidence  of  something;  more  than  this. 
Train  No.  18  occasionally  ran  in  a  very  irregular  luanner 
and  then  after  a  time  recovered  what  was  obviously  its 
normal  friction  of  3-9  d.c.  Train  No.  27,  which  ran  quite 
well  at  i;-j  d.c.  for  long  periods  at  a  time,  occasionally 
ijiowed  a  ^uddell  increa>c  of  friction  up  to  a^  much  as 
jS  d.c.  hut  thcke  chaii(^e>  were  clearly  accidental,  and 
allliou(;h  they  were  recurrent  in  Ixith  trains  their  occur- 
rciue  did  not  coincide  with  the  rising  and  falling  of  the 
weight  which  U  uacd  in  these  counters  for  actuating  the 
jumper  device. 

In  the  case  of  the  creep  counters  the  increase  in  rcsitit- 
aiK  I    by  the   periodic   engagement   of  additional 

di;^  was  easily  detected.     In  one  or  two  trains  the 

IIK11..4.V  :i.~iilliiig  from  the  engagement  of  one  additional 
wheel  w.i>  .11 !  :.illv  measured,  and  when  all  live  digit 
wheels  well-  as   they   arc    when   four    nines  arc 

ch.iiicinL:  I  csi>taiicc  of  the  ti.iiiisro-c  lo  a  value 


rotor  axle  does  not  mean  that  no  work  is  done  in  lifting  the 
weight  ;  on  the  contrary,  the  eiiergx-  so  spent  is  consider- 
able, but.  as  already  stated,  the  trains  were  nearly  all 
intended  for  mclers  of  small  capacity  and  conscijuenlly 
the  reducing  gears  had  •■  ratios.     This  ■  -■ 

reduced  the  resistance  •  ihe  jumper  w.  1 

insigniticant  amount  as  measured  on  the  rotor  >j  i 

the    resulting  small    periodic    \-ariatJOiis    wert  > 

masked  by  the  ordinary  irregular  friction  variations  to 
which  reference  has  already  been  made.  Tlic  i>criodic 
changes  111  resistance  caused  by  a  jump  counter  in  meters 
of  laiger  iter  on. 

It   is  ,..  iV  the  averages  given  m 

Table   i.  tlial   liic 

rotor  axle  is  govcrin  -; 

gear.   The  kind  of  register  employed  mako  i>ut 
ence,  the  average  resistance  being  5  or  o  il.c.  !■ 
typcsw     The   creep  counters  alone  produced  any  marked 
effect  on  the  rotor,  and  in  their  case  it  was  not  because  the 
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purpose  for  which  it  was  designed  this  counter  has  no  rival. 
Coupled  to  a  1,000  h.p.  marine  engine  tlic  friction  of  a 
Harding  counter  is  negligible,  hut  when  used  as  the 
register  of  an  electric  meter  the  inherent  defect  in  the 
principle  of  the  mechanism  becomes  only  too  apparent. 

Analysis  ok  Pointkr  Dial   Tu.mns. 

These  being  simple  trains  of  spur  and  worm  gearing 
there  should  not  lie  any  periodic  variations  in  resistance. 
In  practice,  however,  such  variations  do  sometimes  occur 
as  a  result  of  a  gear  wheel  being  slightly  out  of  truth  and 
engaging  its  teeth  too  deeply  during  a  part  of  each  revolu- 
tion. But  defects  of  this  kind  are  not  common  and  are 
not  the  principal  cause  of  changes  in  friction.  It  is  the 
irregular  variations  that  must  be  reckoned  with,  and  tliese 
are  all  the  more  difficult  to  deal  with  because  they  not  only 
vary  w-idely  in  magnitude  and  occur  at  irregular  intervals 
of  time,  but  their  duration  is  also  a  matter  of  extreme  un- 
certainly. They  are  apt  to  occur  more  or  less  suddenly, 
and  when  the  friction  of  a  train  has  undergone  this  kind  of 
change  it  mny  run  at  the  new  value  for  a  few  minutes  or 
for  many  hours  before  a  change  takes  place  to  a  more 
normal  friction. 

The  pointer  trains  received  were  too  few  in  number  to 
enable  any  useful  deductions  to  be  made  by  averaging  the 
results  of  tests.  A  comparison  of  the  observed  friction  with 
the  friction  estimated  from  the  average  weights  on  the 
a.\les  and  the  diameters  of  the  pivots  agrees  very  well  in  the 
case  of  the  spur-driven  train  No.  i,  being  2-3  d.c.  estimated 
friction  as  against  2-2  d.c.  observed.  But  the  two  worm- 
driven  trains  \os.  2  and  3  show  a  large  discrepancy,  namely 
about  4-7  d.c.  estimated  friction  for  each  of  them  against 
an  actual  friction  of  about  8  d.c.  This  kind  of  discrepancy 
is  bound  to  occur  in  individual  cases,  and  inspection  of 
No.  3  train  rather  suggested  that  the  reducing  gear  might 
be  at  fault  from  want  of  care  and  cleanliness  in  assembling. 
The  five  registering  axles  of  this  train  were  therefore 
tested  separately  by  fixing  the  special  worm  wheel  on  the 
first  of  them  and  disconnecting  the  reducing  gear.  Tested 
in  this  w.iy  it  required  a  rotor  torque  of  4-0  d.c.  to  over- 
come the  resi-itance  of  the  worm  gear  plus  that  of  the  five 
axles.  The  ratio  of  the  worm  gear  being  90  and  its  effici- 
ency about  0-20  the   friction  at  the  first  axle    would   be 

4  X  90  X  0-2  =  72  d.c.      Now    the    friction   of   a    train    of 

5  geared  axles,  each  having  a  friction  of  say  /;;  d.c.  is  : — 

Friction  of  5  axles  (reckoned  at  the  first  axle) 

where  g  stands  for  the  common  gear  ratio — 10  in  this 
case— and  e  is  the  differential  efficiency.  Reckoned  from 
this  formula,  taking  the  average  weight  on  each  axle  as 
(j  grammes  and  the  average  pivot  diameter  as  41  mils,  the 
estimated  friction  of  the  5  register  axles  is  71  d.c,  which 
agrees  remarkably  well  with  the  observed  value  72  d.c. 
These  registering  wheels  may  therefore  be  accepted  as 
being  in  good  order,  and  as  they  were  of  quite  good 
ordinary  workmanship  it  will  be  useful  to  estimate  what 
resistance  such  a  pointer  dial  might  be  expected  to  have  on 
the  rotor  of  a  i  kilowatt  meter,  both  for  a  worm  drive  and 
a  spur  drive.  The  necessary  reducing  gears  are  those 
shown  in  Figs,  r  and  2. 


The  meter  will  be  supposed  to  run  at  60  r.p.ni.  at  full 
load,  and  hence  the  gearratio  from  rotor  to  tenths  axle  will 
be  3,600,  which  will  be  made  up  of  a  worm  gear  of  60  to  i 
and  two  spur  gears  of  6  to  i  and  10  to  i  ratios.  To  convert 
the  worm  drive  into  a  spur  drive,  the  first  axle  is  rearranged 
in  a  vertical  position  and  engaged  with  the  rotor  by  means 
of  the  6  to  I  gear.  The  worm  gear  is  then  used  to  connect 
the  first  and  second  axles.  The  friction  in  the  two  cases  is 
given  in  Table  3,  and  in  order  to  bring  out  the  essential 
difference  between  the  two  drives  the  incidence  of  the 
friction  of  each  axle  in  the  reducing  gear  on  the  rotor  axle 
is  shown  separatel)'.  The  friction  of  the  register  at  the 
tenths  axle  is  taken  at  its  measured  value,  namely  72  d.c. 


Friction  0/  llie  Different  Members  of  a  I'ointer  Train   as 
reckoned  on  tlie  Rotor  of  llie  Meter. 


■ 

Axle 

Friction  at  Rotor  in  d.c. 

Part  of  Train 

Worm 
Drive 

Spur 
Drive 

Reducing  gear 

J)              )} 

Register 

First 

Second 

Third  (tenths)  ' 

Units 

Tens 

Hundreds 

Thousands    , 

5-000 
0-980 

0-138 
6-1 

0-294 
0-980 

0-138 

Total  friction  of  train 

1-4 

It  is  at  once  evident  that  the  difference  in  the  friction  of 
the  two  drives  is  due  to  the  great  difference  in  the  friction 
of  the  first  axle,  according  to  whether  it  is  horizontal  or 
vertical.  In  the  latter  position  the  bearing  friction  can  be 
so  enormously  reduced  that  its  incidence  on  the  rotor  axle 
is  also  very  largely  reduced,  notwithstanding  the  great 
difference  between  the  ratio  of  the  spur  gear  and  that  of 
the  worm  gear. 

The  figures  given  in  Table  3  for  the  total  friction  afford 
a  good  indication  of  what  the  friction  of  a  fairly  well  made 
and  clean  pointer  train  may  be  expected  to  be  with  a 
worm  drive  and  a  spur  drive,  and  in  what  degree  the 
different  parts  of  the  train  contribute  to  the  total.  As  the 
first  two  axles  account  for  nearly  all  the  friction  it  is  clear 
that  Table  3  may  be  taken  to  apply  to  any  type  of  train,  no 
matter  what  the  registering  devices  may  be,  provided  the 
periodic  variations  in  the  resistance  of  counter  registers 
are  not  forgotten. 

If  the  total  resistance  of  a  train  at  the  rotor  axle  is 
multiplied  by  the  first  gear  and  efficiency  factors,  the 
total  resistance  of  the  train  as  reckoned  at  the  first  axle  is 
arrived  at,  and  a  figure  is  obtained  which  may  be  fairly 
used  to  compare  one  train  with  another,  apart  from  the  gear 
from  rotor  to  first  axle.  In  Table  3  the  friction  of  the 
worm  drive  being  6-1  d.c.  and  the  gear  60  and  efficiency  02, 
the  resistance  of  the  finst  axle  would  be  6-1  X  60  X  02 
=  73  d.c.  The  corresponding  figure  for  the  spur  drive, 
taking  an  ordinary  value  for   the  efficiency  of   the  spur 
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Avcmfie  (or  ji  worm-driven  (rains,  -      =i»'4  d.c. 
Average  (or  y  spur-driven  trains,    '  _  =  ij  d.c. 

These  values  sliould  be  compared  with  (hose  given  in 
Table  3  (or  a  typical  poin(er  (rain,  and  althoujjh  they 
are  not  so  small  as  they  might  be,  they  are  repre- 
sentative of  present  practice  and  will  form  a  gocKl 
basis  on  which  (o  calculate  (he  percen(age  varia(iuns 
in  speed  caused  bv  irregular  chunge^  in  friciion.  Now 
~  arc  no  doub(  due  (o  more  or  less 
-  .ind  ihcrcfore  in  tla-  iiuiiii  (hey 
aic  ^es  of   large   iniignitude. 

whu  .of  actual  defects  in  (he 

mechanism,  the  friction  of  any  ordinary  train  o(  wheel- 
work,  such  as  that  used  in  meter  trains,  is  apt  (o  show 
variations  of  10  or  30  percent  above  and  below  the  norm:U. 
For  example,  during  the  tests  on  (he  regis(cring  part  uf 
Train  No.  3  laluady  described  1.  changes  of  +  anil  —  11 
fKrr  cent,  li  per  cent,  and  14  per  cent  were  recorded  ; 
similar  variations  were  noticed  in  the  prcliinin.irv  te-sts  of 
all  the  trains.  Vari.itions  of  the  same  order  of 
arc.  in  (he  writer's  ex(>crience,  inherent  111  rutali  , 
and  axles  which  arc  pivo(cd  in  (he  ordinary  way  and  run 
wi(hou(  lubrication.  With  lubricated  l>earings  the  per- 
centage changes  of  friction  are  apt  to  cover  a  much  wider 
■  !c  friction  is  no(  to  I  >.d  by 

jiivolcd  rolnlmg  di  In 

tin  t^tsc  ol   iiitlvi 
either  u ay  arc  to  I' 

must  \^ary  to  some  extent  with  the  load  transmit(ed  by  (he 

gearing,  i(  will  be  assumed  that  the  variations  m  friction 

are  simply  proportional  to  the  load  and  that  -f  or  —  15 

per  cent  of  the  average  resistance  of  the  train  is  an  adequate 

allowance  (o  make  lor  them  :  a  rough  estimate  at  l>es(.  I>u( 
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Speed  changes  such  as  these,  although   small  in   them- 
selves, may  become  important  when  they  form  an  additkM 
to    the   periodic   variations    which    are    characteristic    oi 
counter  trains.     It   must  not   be   forgotten   that 
variations  in  friction  depend  on  the  lo.ul     for  e\ 
the  periodic  variation  ol   a  couiKet   ' 
of    10   per   cent    in    speed,  that    il 
measure  of  (he  increased  load  on  (he  i 

(o  variations  of  about   15  per  cent,  in  >-•: -  „ 

(he  period  when  the  speed  has  fallen  below  the  normal, 
the  extent  of  the  (all  mav  var)*  l>etwcen  the  limits  8-5  and 
1 1 '5  per  cent.  I(  would  Ik-  a  ma((er  of  cliancc  whetlier 
the  f'  lid   be   added 

(o  or  ■ 

.\SV1VMS    OK    CKKKI-   COUNTKK    TRMN'S    illAKDINii 
I.  oUXTKB). 

In  all   t: 
Harding  i.  - 

metal-mould  (or  du 

In  the  Harding  cu advantage  of  having  all  the 

digit  wheels  arranged  in  line  on  a  common  axis,  is  gained 
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moving  par(s  nearlv  doubled  in  iiumlvrr,  bu(  (he  axles  are 
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The  total  resistance  of  a  Harding  counter  when  all  the 
digit  wlieels  are  engaged  and  in  motion  may  be  ascer- 
tained in  several  ways.  It  may  lie  deduced  from  the 
figures  given  in  Table  2  by  subtracting  the  torque  required 
when  only  tlie  tirst  digit  wheel  is  in  motion,  from  the 
torque  required  to  move  all  the  wheels.  The  figures  so 
obtained  must  be  multiplied  by  the  gear  ratio  of  the  train 
and  the  product  of  the  several  elViciencies  of  the  series  of 
reducing  gears.  Keckoned  in  this  way  the  three  Harding 
counters  Nos.  6,  7,  and  16  required,  on  an  average,  a  torque 
of  537  d.c.  to  move  all  live  digit  wheels — that  is  to  say,  to 
set  4  nines  to  zero. 

These  three  counters  were  identical  in  every  respect, 
and  the  resistance  of  one  of  them  was  measured  inde- 
pendently by  disconnecting  it  from  the  reducing  gear  and 
applj'ing  a  measured  moment  to  the  first  digit  wheel  by 
means  of  a  weight.  The  mean  of  half-a-dozen  trials  showed 
that  it  required  a  moment  of  4S0  d.c  to  move  all  the 
wheels  ;  it  should  be  noted  that  this  method  is  very  apt  to 
lead  to  an  underestimate  of  friction  because  it  is  difficult 
to  avoid  more  or  less  sudden  applications  of  the  weight. 

In  all  expenmental  work  on  friction  it  is  important  to 
eliminate  the  chance  of  the  mechanism  under  test  being  in 
an  abnormal  condition  in  consequence  of  some  hidden 
defect,  or  the  presence  of  dirt  and  dust  in  the  bearings. 
The  resistance  of  counter  No.  16  was,  therefore,  calcu- 
lated from  the  measured  weights  of  the  wheels  and  pinions, 
diameter  of  axles  and  coefiicient  of  friction  between 
the  rotar}'  elements  and  the  a.xles ;  the  assumption  being 
made  that  all  the  parts  were  perfectly  clean.  If  w  is  the 
bearing  friction  of  a  digit  wheel,  and  p  that  of  a  pinion, 
the  resistance  of  a  5-figure  Harding  counter  when  all  the 


wheels  are  engaged  is 
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where  g  is  the  gear  ratio  of  wheel  to  pinion,  and  t'  is  the 
differential  elSciency,  a  quantity  which  can  be  estimated 
fairly  closely  for  involute  teeth  running  with  no  lubrica- 
tion. Calculated  from  this  formula  the  resistance  of 
Harding  counter  No.  16  should  be  503  d.c.  when  all  the 
digit  wheels  are  engaged,  a  figure  which  agrees  sufficiently 
well  with  the  experimental  results  to  preclude  the  possir 
bility  of  any  abnormal  friction  being  present  in  these  three 
counters. 

The  remaining  Harding  counters  were  not  analysed  in 
this  exhaustive  way,  but  as  they  none  of  them  differed 
materially  from  Nos.  6,  7,  and  16,  either  in  design  or  in 
dimensions,  it  will  be  useful  to  give  their  resistance  as 
deduced  from  the  preliminary  tests  given  in  Table  2. 
Reckoning  each  of  the  nine  counters  separately  and  then 
averaging,  the  mean  resistance  comes  out  at  585  d.c.  when 
all  the  wheels  are  in  motion. 

The  different  results  are  set  out  in  Table  5  for  easy 
reference  and  comparison. 

Experimental  work  on  friction  involves  so  many  un- 
certainties and  is  liable  to  such  disconcerting  discrepancies, 
that  the  results  of  tests  can  only  he  accepted  on  cumulative 
evidence,  such  as  that  given  in  Table  5.  It  is  clear  that  the 
little  Harding  counters,  which  are  to-day  in  common  use 
in  electric  meters,  will  require  a  torque  somewhere 
between  500  and  600  d.c.  when  4  nines  are  changing  to 


zero,  all  the  wheels  being  then  engaged,  tffSs  result  being 
only  true  for  counters  which  are  new  and  perfectly  clean. 
The  bearings  of  a  Harding  counter  are  ill-adapted  for 
ejecting  dust  and  dirt,  and  a  very  small  accumulation  is 
enough  to  double  or  treble  the  friction.  This  is  no 
relleclion  on  the  makers  of  the  counters  ;  all  the  Harding 
counters  received  for  examination  were  very  well  made, 
and  Nos.  6,  7,  and  i6  were  wonderfully  perfect  both  in 
design  and  workmanship. 

Tahle  5. 

Toiyiii-  ycquii-td  on  llic  /irsi  Di^il  U'lui-l  of  a  ^-figure 
Haiiiing  Counter  ii'licn  4  Nines  are  being  clinni;eil  to 
Zero,  all  tlic  ivhecls  being  tlicn  in  motion. 


Method 


Calculated  from  weights  and   dimensions 

of  No.  16 
Measured   by  weights  applied  to  first  digit 

wheel  of  No.  16 
Deduced    from   rotor  .torque   required   to 

drive  complete  train  ;  average  for  Nos.  6, 

7,  and  16 
Deduced   from   rotor   torque   required   to 

drive  complete  train  ;  average  for  Nos.  4, 

S,  8,  9,  10,  II,  12,  13,  14,  and  15 


Resistance,  d.c. 


503 
480 

537 
585 


Torque    required  to   set  any  number  oe  nines  to 

ZERO,    AND    decrease    OF   SPEED    DURING   THE   CHANGE. 

If  a  5-figure  Harding  counter  requires  a  torque  of 
600  d.c.  to  set  4  nines  to  zero  it  does  not  follow  that  it  will 
take  600/4  '^■C-  to  move  one  digit  wheel  from  9  to  o.  The 
equation  already  given  for  the  resistance  of  a  Harding 
counter  shows  that  tliere  is  a  geometrical  cumulation  of 
friction  ;is  the  number  of  wheels  engaged  increases.  The 
resistance  of  the  counter  when  one,  two,  three,  four, 
or  five  wheels  are  moving  is  shown  in  Table  6,  which  has 
been  calculated  on  a  maximum  resistance  of  600  d.c. 

Table  6. 

Resistance  of  Harding  Counter 
rectioned  at  the  first  Digit  Wlieel. 


Number  of 
Ninirs  bfinji 
set  to  Zero 

Tot.ll 
Resistance 

Total  Addition 
to  Initial 
Resistance 

Examples  of  the  Change 
in  the  Dial  Reading 

None 
One 
Two 

Three 
Four 

28  d.c. 

93  .. 
19s  ., 

354  „ 
600  ,, 

0  d.c. 
65    „ 
167    „ 
326    „ 

572    „ 

23,715  to  23,716 

23.719   ..   23,720 
23.799  ..   23,800 
23,999  ,.  24,000 
29,999  "  30,000 

The  first  digit  wheel  is  continuously  in  gear  with  the 
reducing  train  and  its  friction  may  therefore  be  reckoned 
with  the  ordinary  train  friction.     Hence,  in  calculating  the 
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1  111  decrease  111  ^(1ccd  occurs 
once  in  every  hour  and  lasts  for 
at  least  six  niinute^. 


I'he  decrease  111  speed  occur> 
once  in  everv  ten  hours  and 
lasts  (or  at  least  an  hour. 
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use<l  in  meters  of  small  capacity  and  hence  the  table  i> 
conlined  to  1  kilowatt  and  10  kilowatt  meters.  It  should 
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changed,  90  when  three  nines  changed,  and  10  when  four 
nines  changed.  On  each  of  these  occasions  the  time 
occupied  in  making  the  change  was  longer  than  it  would 
have  been  without  the  additional  resistance  ;  longer 
than  the  normal  or  correct  time  for  registering  one  dial 
unit  or  step.  The  proportion  between  the  actual  time 
spent  on  a  change,  and  the  correct  time,  may  be  expressed 
as  a  factor  k  by  which  the  correct  time  must  be  multiplied 
to  arrive  at  the  actual  time,  and  if  k„  k,,  A'„  and  k,  arc  the 
factors  corresponding  to  the  changing  of  i,  2,  3,  and 
4  nines,  then  the  actual  consumption  during  the  nine- 
changing  periods  throughout  a  complete  dial  cycle  is  : — 

9,0000  A,  +  900  a  A...  -)-  90  iJ  A'j  4-  10  a  k^,  kw.-hours 

and  the  amount  registered  on  the  dial  in  respect  of  those 

periods  will  be  10,000  a,  kw.-hours. 

Here  (as  in  the  formula  given  on  page  505)  a  stands  for 

the  Board  of  Trade  Units  (or  fraction  of  a  Unit)  registered 

per  movement  or  step  of  the  first  digit  wlieel.     The  factor 

;i  WR 
*  is  the  reciprocal  of  i — ^ ,TTi\,  and  to  hnd  /.„  k^,  etc., 

it  is  only  necessary  to  take  the  corresponding  values  of 
R  from  Table  6. 

It  will  be  seen  that  the  under-registration  depends  on 
what  the  load  happens  to  be  during  the  nine-changing 
periods,  and  it  is  not  affected  bj'  the  load  there  may  be  at 
other  times.  Taking  an  unfavourable  case — that  of  a 
I  kilowatt  meter  of  i  grm.  cm.  torque  and  10  r.p.m.  full- 
load  speed,  with  a  Harding  counter  which  has  a  maximum 
resistance  of  600  d,c.  and  has  the  first  digit  wheel  on  the 
hundredths  axle  so  that  a  =  o'oi ,  the  loss  during  a  complete 
dial  cycle  would  be  as  follows  : — 

At  i/5th  full  load  3-4  units  lost  in  1,000  =  0-34  P^''  cent 
»  i/ioth       „         70         „  „       =070 

„  i/20th       „        17-5         „  „       =175 

These  figures  suggest  that  if  the  meter  were  standardized 
to  run  about  f  per  cent  fast  the  loss  from  nine-changing 
would  be  made  good,  so  long  as  the  counter  retained  its 
initial  friction. 

Analysis  of  Jump  Counters. 

The  jump  counter  presents  a  much  simpler  problem 
than  the  creep  counter.  It  is  only  necessary  to  measure 
the  maximum  moment  of  the  weight  or  spring  which  is 
used  to  propel  the  digit  wheels,  and  the  periodic  speed 
variations  are  then  merely  a  matter  of  arithmetic. 

All  the  jump  counters,  except  one,  were  of  the  type  in 
which  a  weight  is  lifted  and  then  made  to  propel  the 
counter  during  its  fall.  It  was  obvious  from  inspection 
that  there  was  no  material  difference  in  the  weight  used 
in  the  different  counters,  and  a  measurement  of  one  of 
them,  taken  from  a  typical  jump  counter,  showed  that 
it  had  a  maximum  moment  of  about  1,000  d.c.  This  is 
the  moment  provided  for  the  purpose  of  overcoming  the 
additional  friction  of  the  counter  when  all  the  digit  wheels 
are  engaged.  To  ascertain  what  the  additional  friction 
might  be,  the  total  friction  and  the  friction  of  the  first 
digit  wheel  were  both  measured  by  the  falling  weight 
method,  and  also  estimated  from  the  weights  of  the 
moving     parts   and    the   diameter    of    the   pivots.      The 


counter  just  referred  to  was  chosen  for  this  comparison, 
and  the  measured  and  estimated  amounts  were  as  follows:  — 

FkICTION   ok    4-FIGUWH    SCAI.LOP-WHISKL    JUMP     COUNTER. 


Total  friction  with  all    digit    wheels 
engaged 

Friction  of  first  digit  wheel 


ICstimated 
d.c. 


116 


Friction  to  be  overcome  by  jumper 
weight        


276 


Mc.isured 
d.c. 


4.'50 
25s 


From  these  figures  it  may  be  safely  assumed  thai  apart 
from  accidental  additions  to  friction  this  counter  requires 
about  300  d.c.  additional  driving  torque  when  all  the  digit 
wheels  are  to  be  set  in  motion.  The  torque  provided  by 
the  jumper  weight  being  about  1,000  d.c.  there  is  evidently 
an  ample  margin,  especially  as  the  weight  falls  suddenly 
and  the  digit  wheels  are  therefore  started  by  impact. 

In  nearly  all  jump  counters  the  work  done  in  lifting 
the  jumper  weight  is  spread  over  the  whole  revolution  of 
the  axle  on  which  the  jump  device  is  fitted,  by  the  use  of 
a  counterweight  as  described  in  the  appendix  and  illus- 
trated in  Fig.  6.  By  this  ingenious  expedient  the  maximum 
torque  required  to  lift  the  jumper  weight  is  reduced  by 
one-half,  and  hence  the  maximum  resultant  moment  to 
be  taken  as  a  basis  in  calculating  the  periodic  speed  varia- 
tion will  be  500  d.c.  The  moment  at  any  angular  position 
of  the  resultant  weight  will  be  500  sin  9,  and  since  the 
mean  value  of  sine  is  2/ff  =  0'636,  the  mean  resultant 
moment  will  be  500  x  0'636^3i8  d.c,  the  maximum 
being  500  and  the  minium  zero  of  course.  That  is  to  say, 
the  extreme  variations  on  either  side  of  the  mean  are 
unequal,  being  182  d.c.  above  the  mean  and  318  d.c. 
below  it.  These  unequal  variations  of  moment  cancel 
out  in  the  course  of  one  complete  revolution  of  the  axle  on 
which  the  jump  device  is  fitted,  the  larger  variation  lasting 
for  the  shorter  time  of  course.  The  difference  between 
the  variations  below  and  above  the  mean  moment  being  so 
considerable,  the  corresponding  increase  and  decrease  in 
speed  is  given  separately  in  the  table  of  speed  variations  for 
jump  counters. 

The  greater  number  of  the  jump  counters  received  for 
examination  had  the  jumper  device  on  the  units  axle,  and 
with  this  arrangement  only  the  tens,  hundreds,  and  thou- 
sands digits  jump  from  one  to  the  next.  The  digits  in  the 
units  place  creep  from  one  to  the  next  because  in  this  case 
the  units  axle  is  driven  continuously  by  the  reducing  gear. 
The  dial  opening  is  generally  wide  enough  to  allow  the 
following  digit  to  be  seen  before  the  leading  digit  disappears, 
and  when  two  are  visible  at  once  the  human  nature  of  the 
meter  reader  determines  which  is  the  proper  figure  to 
take.  It  should  be  noted  that  at  a  time  when  the  jumper 
weight  is  about  to  fall  and  so  register  another  ten  Units 
on  the  tens  axle,  the  digit  nine  in  the  units  opening  will 
have  disappeared  and  zero  will  have  crept  into  its  place  pre- 
paratory to  the  impending  change  in  the  tens  digit.  Here 
would   be  a  real  ambiguity  if  it  were  not  provided  for  by 
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icro  from  view  until  the  falling  of  the  weight  has  driven  in  the  units  place  until  the  jumper  wvight  lalls  over.     The 

the  tens  axle  one   step  forward.     Another,  and  in    some       t>  then  disappears  and  tero  lakes  it>  pit  -     •■•  'itly 

respects   better  arrangement,   is   to  remove   the  digits  i>  with  the  change  in  the  tens  digit.     Only  >                            cf 

a                                    iits  digit  wheel,    by   cutting   away   a  was  received   in   which  some  such  subsiaiai)  ocss^r  was 

i                                    :   of  that  wheel.     A  subsidiary   tigure  not  included, 

disc,  tuctl  to  diiU  moving  with  the  jumper  device,  has  the  When  the  jumper  device  is  on  the  tenths  axle  all  the 
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significant  digits  from  units  upwards  arc  actuated  by  the 
Weight  and  no  shutter  or  auxiUary  figure  disc  is  required. 
It  is  to  be  regretted  tliat  this  arrangement  is  not  always 
possible. 

Tal>le  8  gives  the  speed  changes  for  jump  counters  for 
meters  of  i  and  lo  kilowatt  capacity,  and  Table  i)  gives  the 
corresponding  ligiues  for  a  itxi  kilowatt  meter.  In  this  case 
it  has  been  assumed  that  so  large  a  meter  would  not  be 
designed  for  a  torque  below  2  grm.  cm.,  and  as  such  a  meter 
might  well  have  a  torque  in  excess  of  lo  grm.  cm.  the  speed 
changes  are  given  for  a  torque  of  20  grm.  cm.  Figures 
arc  included  for  the  case  of  a  jump  counter  with  the  jump 
device  on  the  tens  axle,  a  position  which  is  sometimes 
rendered  necessary  by  the  low  ratio  of  the  reducing  gear 
in  meters  of  large  capacity. 

It  will  be  remembered  that  the  preliminary  tests  of  jump 
counter  trains  for  meters  of  i  kilowatt  and  under,  showed 
no  periodic  variations  in  resistance  which  could  be  traced 
definitely  to  the  rising  and  falling  jumper  weights.  Table  8 
makes  the  reason  clear  :  the  incidence  of  the  register  resist- 
ance on  the  rotor  spindle  was  so  small  that  the  periodic 
effect  would  inevitably  pass  unnoticed  when  confused,  as  it 
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II  should  be  noted  tli.it  in  preparing  tlie  tallies  the 
simplest  possible  combin;ition  of  gears  has  been  taken  to 
make  up  each  reducing  gear  to  the  required  ratio.  No 
allowance  has  been  made  for  the  introduction  of  additional 
axles   for    change    wheels    or    idle    wheels    such    as   are 


was,  with  the  speed  changesduc  to  irregular  friction.  The 
actual  change  in  resistance  caused  by  the  jumper  weights, 
is  reckoned  on  the  rotor  axle,  in  no  case  exceeded  0'3  d.c. 
above  and  below  the  normal,  and  although  such  a  resist- 
ance is  well  witliin  the  scope  of  the  hysteresis  motor,  pro- 
vided frictional  resistance  is  constant,  it  was  of  course 
swamped  bj'  the  irregular  friction  changes  which  occurred 
throughout  these  tests. 

Inspection  of  the  figures  in  the  tables  of  speed  variation 
,  suggests  at  once  that,  so  far  as  the  resistance  of  the  register 
of  ameter  train  is  concerned,  the  percentage  speed-changes 
depend  largely  on  the  product  of  torque  and  speed.  So 
much  was  of  course  obvious  from  the  outset,  because  the 
speed  variation  resulting  from  any  change  in  resisting 
jnoment  must  be  limited  by  the  mechanical  power  of  the 
meter — its  power  as  an  electric  motor — and  the  torque- 
speed  product  is  a  measure  of  that  power.  But  it  was  not 
possible  to  foresee  to  what  extent  the  magnitude  of  the 
variations  would  be  affected  by  the  necessary  changes  in 
the  reducing  gears  (and  their  efficiencies)  which  are  re- 
quired to  adapt  a  train  for  meters  having  different  speeds 
at  full  load.  For  this  reason  speeds  and  torques  have 
been  dealt  with  throughout  as  separate  factors. 
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Fig.  4. 


frequently  required  in  a  train  to  adapt  it  for  a  particular 
meter.  Hence  the  figures  in  tlie  tables  are  the  variations 
which  would  occur  under  the  most  favourable  conditions 
as  regards  the  efficiency  of  the  reducing  gear  as  a  whole. 
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Worm  gear  has  been  taken  at  an  average  efficiency  of  o'2, 
and  spur  gear  at  an  average  of  o'8s,  both  figures  being 
derived  from  experiments  on  trains  of  reducing  gear.  It 
must  not  be  forgotten  that  the  tables  are  based  on  the 
resistance  of  new  counters  in  a  fairlv  clean  condition. 


Speed    Vaki.^tions    i.v     tkkms     ok     the     mechanical 
power  ok   the   metek,  as  measured  i3v  torque- 

SPEED. 

Although  the  speed  variations  for  meters  of  different  full 
load  speeds  are  in  many  cases  affected  by  the  alteration  in 
efficiency  due  to  changes  in  the  reducing  gear,  it  is  quite 
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During  the  past  few  years  meter  train*  have  been 
considerably  improved,  and  the  directions  in  which 
further    proj^icss  is   hkcly   to   be    made    may    be    briefly 

ter  dial  is   still    un^pproached   for   simplicity. 
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doubt  that  in  one  form  or  another  the  latter  will  ultimately 
take  the  place  of  the  creep  counter.  The  designer  of 
meter  trains  is  not  confined  to  any  one  type  of  discontin- 
uous gear  for  the  counter  ;  there  are  half-a-dozen  kinds 
well  adapted  for  the  purpose,  and  the  time  will  surely  come 
when  all  meter  counters,  whatever  the  mechanism  may  be, 
will  be  provided  with  some  simple  means  for  securing 
instantaneous  movement  of  the  digit  wheels. 

.\part  from  the  universal  employment  of  a  jump  device, 
there  is  still  room  for  improvement  in  the  construction 
of  direct-acting  counters.  Generallv  speaking  the  moving 
parts  are  quite  needlessly  heavy.  Their  weight,  and  there- 
fore their  friction,  might  easily  be  halved  without  in  any 
way  adding  to  manufacturing  difficulties.  In  this  respect 
the  makers  of  direct-action  counters  might  take  the  little 
Harding  counters  as  a  guide,  for  there  wc  find  not  a  grain 
of  superfluous  metal  in  any  of  the  moving  elements. 
Again,  as  regards  pivots  and  bearings,  ordinary  engineering 
practice  is  in  many  instances  followed  too  closely.  Long 
parallel  bearings,  which  are  essential  when  lulirication  is  to 
be  used,  are  quite  out  of  place  in  a  meter  train,  where  it  is 
essential  to  avoid  dust  traps.  Attention  to  the  design  of 
pivots  and  bearings,  particularly  those  of  the  first  and 
second  axlfes,  will  not  only  largely  reduce  friction,  but 
also  greatly  lessen  the  irregular  variations.  Upon  the 
whole  the  gears  are  well  cut  and  set  to  run  with  sufficient 
back-lash,  but  here  and  there  teeth  of  those  fantastic  shapes 
beloved  by  old-fashioned  clockmakers  are  still  to  be  found. 
Several  trains,  otherwise  well  designed,  had  gears  of  an 
exceedingly  fine  pitch — far  too  small  for  high  efficiency. 
Spur  gears  having  well-cut  involute  teeth,  with  a  pitch 
round  about  i  mm.,  give  a  tooth  efficiency  of  95  per  cent 
and  have  the  additional  advantage  of  providing  fewer  dust 
traps  than  the  gears  of  fine  pitch. 

Meter  trains  are  so  easih'  capable  of  improvement  in  all 
these  matters  of  detail  that  the  time  may  well  come  when 
the  small  remaining  frictional  and  periodic  variations  in 
resistance  will  pass  out  of  the  region  of  effects  which 
cannot  be  ignored  and  cease  to  be  of  any  practical 
importance. 


APPENDIX. 
Counter  Ge\rs  .and  the  Jump  Device. 

.'Vll  counter  gears  are  based  on  the  principle  of  a  driving 
wheel  with  one  tooth  engaging  once  in  each  revolution 
with  a  lo-toothed  wheel  of  the  same  pitch  diameter.  The 
engagement  lasts  for  one-tenth  of  a  revolution,  and  during 
the  remaining  nine-tenths  the  driven  wheel  must  be  pre- 
vented from  moving  by  some  kind  of  lock.  The  only  lock- 
ing devices  which  are  free  from  objection  on  mechanical 
grounds  are  those  in  which  the  driven  wheel  is  locked  by  a 
moving  piece  fixed  on  the  driving  axle,  and  so  arranged 
that  during  the  locked  period  it  occupies  space  through 
which  the  teeth  of  the  driven  wheel  must  necessarily  pass 
during  rotation.  Three  typical  examples  of  such  gear  are 
shown  in  Figs.  6,  7,  and  8.  In  all  these  figures  A  is  the 
driving  axle  and  B  the  driven  one. 

In  Fig.  6  the  lo-toothed  scallop  wheel  S,  is  locked  by  the 
edge  of  the  locking  disc  L,  except  when  the  notch  N  bv 


passing  into  the  region  of  engagement  permits  S,  to  rotate. 
But  the  notch  is  unable  by  itself  to  engage  with  a  tooth  on 
the  scallop  wheel.  To  effect  this  a  second  10-toothed 
wheel  S,  is  fixed  on  the  axle  B  a  little  distance  behind  S,. 
The  teeth  of  S,  and  S,  being  staggered,  the  latter  will  have 
one  tooth  in  the  path  of  the  pins  T,  T,  which  project  from 
the  back  of  the  locking  disc  ;  hence  at  the  proper  time  the 


Fig.  6. — Scallop-wheel  Counter  Gear  and  Jump  Device. 

leading  pin  will  impinge  on  this  tooth  and  by  moving  it  on 
will  cause  the  adjacent  following  tooth  on  S,  to  enter  the 
notch.  In  this  way  the  two  axles  are  brought  into  gear, 
and  they  remain  in  gear  until  first  the  pin  and  then  the 
notch  disengage  themselves,  and  the  scallop  wheel  S,  is 
once  more  locked  ;  axle  B  having  been  moved  through 
exactly  one-tenth  of  a  revolution.     The  following  pin  plays 


Fir.  7. — Evershed  Counter  Gear. 

no  part  in  this  engagement,  but  it  is  brought  into  use  if  the 
direction  of  rotation  is  reversed,  when  it  becomes  the  lead- 
ing pin.  This  second  pin  was  omitted  in  one  of  the  counters 
received  for  examination,  and  consequently  if  the  meter 
were  driven  backwards  the  counter  gear  would  jamb.  The 
second  pin  is  essential  if  a  reversible  counter  is  required. 

In  Fig.  7,  a  counter  in  which  the  writer  has  a  fatherly 
interest,  the  driven  element  takes  the  form  of  a  crown 
wheel,  and  the  locking  is  done  by  a  ring  L  which  passes 
between  the  teeth  or  pins  of  the  crown  wheel.  The  crown 
wheel  is  driven  solely  by  the  single  tooth  T,  the  locking 
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KiG.  K.— Hardint;  Counlcr  Gear. 

lo  teeth  it  U  necessary  to  drive  it  forward  two  teeth  at  a 
tinie.  and  hence  there  are  two  teeth  T,  T,  on  the  driving 
element  to  enf!ai<e  with  the  pinion.  Since  the  pinion  is 
n>o\'  ■  of  two  teeth  per  step  it  i>  convenient 

to  ^^ .  cth,   so   that  it  may  rotate  through  one- 

quarter  oi  a  revolution  at  each  engagement.  At  the  inter- 
liiclking  end  of  the  pinion  alternate  teeth  are  removed 
leaving  four  teeth  at  right  angles  to  act  as  the  loclcing 
members.  For  explanatory  purposes  the  driving  and 
driven  elements  of  the  Harding  counter  have  been  shown 
hut  It  is  obvious  that  the  spur  wheel 
in  any  p»osition  round  the  pinion.  In 
piuclict.  It  i>  .liwaya  placed  on  the  same  axis  as  the  driving 


The  \vuf  Device. 


'file    principle   of  the   weight-actuated   junp  dtivioe  i» 
tbown   in  i  n  with  Fig. 6.     The  '      '   *      "         -rl  I) 

of  the  regi  A  on  the  axle  Awl.  the 

reducing   gc.ii     ituil    moves    continuou 
weight    J    Is    lixed    to   the   element  L 
'the  axle  and  naturally  rests  with  ]  at  t 
A  pin  I'  which  projects  from  the  digit  w:  ,      „ 

the  jumper  weight  and  carries  it  and  the  element  L  round 
with  It,  gradually  raising  the  weight  from  its  lowest  position 
until  after  half  a  revolution  of  the  digit  wheel  the  weight 
r.  top.      ()  '   the    top  \er- 

b.  .:id  in  fall.  .wr^lp"  Ihc 

clcJIKlll    I.   l.ipilllv   lllli'uj;li   ll> 

wlici'K.     iliiMMg    lliciii    lurw.i 

weight  then  remains  at  rest  in  the  :  -  I'le 

digit  wheel  has  made  another  hall  ;- .  .. aght 

the  pin  P  once  more  into  contact  with  it.    The  work  done 
in  lifting  the  jumper  weight  is  spread  over  a  whole  revolu- 
tion of  the  digit  wheel  by  the  addition  of  a  counterweight 
C  which  IS  lixed  on  the  (i 
during  the  lifting  of  the   i 

site  each  other.  When  the  wclgill^  ^c  su  p(<.', 
that  the  maxiniuin  nionient  of  C  is  tialf  that  of  ],  : 
to  be  done  is  equally  divided  between  the  two  halves  ol 
each  revolution  of  the  axle  A,  and  the  maximum  torque 
required  in  the  process  of  weight- lifting  is  reduced  to  ooc- 
half  the  niaxiinuin  moment  of  the  jum|>er  weight.  In  meters 
of  large  capacity  it  is  important  that  the  two  weights 
sliould  be  carefully  adjusted  in  thi%  respect. 
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1.  In  Volume  43  of  the  yoiinnil  the  ;iiithor  contiibiitcd 
:i  pnper  on  tlie  above  subject,'-  which  w.is  hmited  to  the 
particular  cases  of  single-phase  core  and  shell  transformers 
of  uniform  rectangular  cross-section. 

On  page  232  of  that  volume  a  bibliograpliical  list  was 
given  of  13  papers  or  articles  which  had  appeared  in  the 
technical  Press,  dealing  with  particular  cases  of  the  general 
problem.  Professor  Robertson,  in  Bohle  and  Robertson's 
"A  Treatise  on  Transformers  "  (igio),  cites  the  biblio- 
graphy, but  no  writer  appears  to  have  referred  to  the 
results  obtained  in  the  above  paper. 

.-Vt  the  end  of  the  present  paper,  the  list  is  reprinted 
with  10  additional  references,  bringing  the  bibliography 
nearly  up  to  date.  A  number  of  minor  papers  are  omitted 
as  containing  no  new  or  important  developments. 

In  the  1909  paper  a  graphical  method  was  developed 
which  showed  how  the  minimum  volumes,  costs,  or  losses 
were  approached.  In  this  paper  a  more  powerful  method 
is  developed  which  proceeds  directly  to  the  "  best"  dimen- 
sions, but  which  loses  the  advantages  of  graphical  repre- 
sentation. In  the  1909  paper  approximate  formute  v.'ere 
given  for  the  dimensions,  which  involved  only  multiplication, 
division,  and  root  extraction. 

Rigorous  solutions  are  given  below  for  the  same  prob- 
lems, requiring  the  solution  of  a  quintic  and  a  cubic 
equation.  Both  methods  offer  interesting  applications  of 
the  theory  of  maxinmm  and  minimum  values  of  algebraic 
functions  of  several  variables. 

The  author  has  not  seen  elsewhere  the  convenient 
matrix  form  of  the  equations  of  condition  for  "  turning 
values"  obtained  by  eliminating  Lagrange's  indeterminate 
multipliers. 

Professor  Robertson's  "  Mathematical  Theory  of  Trans- 
former Design  "  f  is  criticized  at  some  length,  and  errors 
in  principle  are  pointed  out  which  are  unfortunately 
characteristic  of  the  whole  literature  of  the  subject  both 
with  English  and  with  German  writers. 

Geometrical  Restriction'  Imposed  by  Assuming 
SPECI.4L  Shapes. 

2.  Nothing  was  said  in  the  1909  paper  about  the  initial 
assumpcion  of  uniform  rectangular  cross-section  for  both 
circuits.  This  assumption  imposes  geometrical  restrictions 
of  a  far-reaching  character  ;  for  let  us  suppose  that  all  con- 
siderations of  manufacturing  convenience  are  removed  and 
that  the  circuits  may  pass  continuously  from  the  standard 
form  to  the  geometrically  best  form.  If  we  start  with  a 
core  type,  this  flux  of  form  will  take  place  so  that  the 
product  of  the  cross-sections  remains  constant  while  the 
mean   lengths   of   the   circuits   shrink.     The   copper   will 

•  A.  R.  Low.  Dimensions  of  single-phase  core  and  shell  trans- 
formers, with  copper  and  iron  circuits  of  uniform'  rectangular  cross- 
section,     journal  /.E,E.,  vol.  43,  p.  217,  1909. 

I  Chapter  X  of  the  Treatise  reprinted. 


distribute  itself  uniformly  round  the  core  instead  of  being 
concentrated  on  the  two  limbs,  so  as  to  reduce  the  deptli 
of  winding  and  thereby  the  mean  length  of  turn.  The 
core  itself  will  assume  a  figure  of  revolution  about  an  axis, 
for,  where  symmetry  about  an  axis  is  possible,  the  volume 
of  revolution  has  least  cubic  content  for  a  given  product 
of  the  cross-sections.  The  whole  arrangemenl  will  assume 
approximately  the  shape  of  an  orange  (see  Fig.  i).  Sec- 
tions perpendicular  to  the  axis  will  show  circular 
boundaries. 

3.  Sections  parallel  to  the  axis  will  show  that  the  core 
section  is  not  circular.  For  it  is  easy  to  see  that  flattening 
out  the  core  section  reduces  the  mean  iron  length,  while 
the  rate  of  change  of  the  perimeter,  on  which  the  mean 


Fig. 


Fig.  2. 


copper  length  depends,  is  zero  for  the  circular  form.  Thus 
the  flattening-out  must  proceed  some  appreciable  distance 
before  the  rate  of  increase  of  the  copper  length  outweighs 
the  reduction  of  the  iron  length.  To  determine  the  equa- 
tions of  the  boundary  curves  under  these  most  general 
conditions  would  require  the  resources  of  the  calculus  of 
variations. 

4.  If  now  we  limit  ourselves  to  uniform  stampings,  these 
will  always  be  built  up  into  a  right  prism  ;  for  building 
obliquely  would  increase  the  copper  length  while  re- 
ducing the  copper  section.  The  general  shape  of  the 
stampings  may  be  triangular,  quadrangular,  or  polygonal. 
In  these  cases  the  internal  boundary  will  be  a  triangle, 
quadrilateral,  or  polvgon.  The  external  boundary  will  be 
triangular,  quadrangular,  or  polygonal,  with  the  corners 
rounded  off  by  arcs  of  circles. 

Calling  the  opening  in  the  stamping  the  "window," 
considerations  of  symmetry  impose  a  regular  form  on  the 
polygon  which  forms  the  boundary  of  the  windovv.  The 
triangular  window  must  be  equilateral  (see  Fig.  2),  the 
quadrangular  window  square,  and  the  polygonal  window  a 
regular  polygon,  or  in  the  limit  circular.  The  symmetry  is 
trilateral,  quadrilateral,  or  multilateral  according  to  the 
case.  The  ordinary  core  transformer,  with  windings  on 
two  limbs  only,  does  not  come  under  the  above  classifi- 
cation.    It  has  only  bilateral  symmetry  about  an  axis,  and 
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Fig.  lO'iQ  shows  a  circular  core  cross-section  as  well  as 
.1  circular  window  ur  coil  section,  and  this  is  incorrect  as  no 
symmetry  is  possible.     Fig.  lo'io  show>  a  1  I.ir  core 

section  the  iine«]u:tl   sides   of  winch   are   •■  d   only 

by  '  MIS  for  niiiiimiiin  co>i>  i>i  Ii>>m-s,  and 

lhi~  iple  under  the  limitation  oi  uniform 

sUmpings.  11  we  interchange  core  and  coils  111  the  last 
caiie,  we  get  an  approximation  to  the  well-known  Berry 
tvpc  of  transformer.  Though  these  remarks  show  that 
there  is  a  large  \'anetv  of  as>umptions  possible,  according 
III  the  different  inanuf.icturing  limitations  imposed,  yet  the 
■1'   ■  i^e  in  the   ii>oi»  paper 

>:  .1  easily  to  many  other 

ivpo.     \  ol  Hrotessor  Robertson's  work 

i->  the  v.i  aled. 

'  Tkavsi 
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H.  Figs.  3  and  4  show  the  arrangement  of  a  core  Irnns- 
former.      Tin 

between  Con    .  ,  ji 

but  it  is  sufttcientty  accurate  to  assign  them  completely  to 
the  coiU  and  to  take  the  external  edges  and  faces  of  the 
core  as  the  overall  Ixiundaries  of  the  iron  circuit,  and  the 
opening  in  the  core  or  the  window  as  the  overall  cross- 
section  of  the  copper  circuit.  By  the  application  of 
ticmciit.iry  1  • 
write  <(■•«  n 

U^'  lis    ami    . 

Il'  -    case    I. 

iliineiiMOiis  X,  y,  z.  u.  Kacli  of  these  may  vary  inde- 
pendently without  departing  fiom  the  condition  that  both 
circuits  ha%-e  unifoim  rectangular  cross-sections.  The 
assumption  that   the   core   is  square  i^  equivalent  to  the 
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1/  Writing  down    the    expre^>ions    (01    lengths,    area*. 
and  volumes  we  have 


Gross  iron  i 
Gross  coppi:  .- 


Mil        =  1    X   M. 

.  clioii  ^  4  X  ;. 


Fl«3.  4. 

Calling  the  ratio  of  net  metal  cross-seclion  to  gro^* 
section  the  space  factor,  we  define  the  symbols  I,  and  /. 
as  follows  ; — 

Iron  space  factor       ^t,. 
Copper  -.pace  factor  ^  '.. 

It  follows  that 

Net  iron  cross-secnon       =  •    «  i  « 
Net  copper  cross-section  = 

K\  \vs    that 

slovK.  ,    •'.  for  a  rai  . 

type  and  voltage.     To  a  lirst  appi  1 

as  constant,  and  if  the  design  so 
tight   for   the   winding   shop,  or   100  ea>y   and   thei  > ' 
wasteful  of  material  and  energy,  correction-  •■•  ■'   '- 
duced  hv  a  scries  of  trial  deMgns  until  the  : 
witl.  i 

I'  .  lengths  are  given  by 

Mean  iron  circuit       =  i(s  -f  j  -»■ 
Mean  copper  circuit  =s  i  (n  4-  r  •♦■  »■  « ■ 
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The  values  of  ti  and  tn  for  uniform  distribution  of  metal 
through  the  circuit  are  jr/2  and  tt'^.  In  practice  the  low- 
tension  coils  arc  often  next  the  core,  and  the  copper  is 
thus  concentrated  near  the  inside  of  tlic  coil.  In  such  a 
case  \vc  may  take  in  as  n-/5.  This  gives  iii  x  /i  =  o'QQ. 
When  m  X  h  is  unity  an  important  simplification  of  the 
results  takes  place,  and  when  in  x  n  is  within  20  or  30  per 
cent  of  unity,  good  approximate  values  may  be  obtained  in 
this  simpler  form/'' 

II.  The  volumes  of  tlie  circuits  are  the  products  of  the 
cross-sections  by  the  mean  lengths. 

Gross  iron  volume       =2  v  u  (z  -\-  x  +  it y), 
Net        „         „  =  2/,-  ..r  It  (z  +  X  +  n  y), 

Gross  copper  volume  =  2xz  (u  +y  +  in .v), 
Net  „  „       =  2t,  X  .V  3  ()(  -f  \'  +  m  x). 

For  brevity  we  may  put 

A  =  \'  »  (z  -\-  X  -\-  u  y), 
B  ^  .V  i  (1/  -f-  \'  +  m  x), 


and  later  we  shall  write 


so  that 


Z  =  z  +  x  +  II  y, 
V  =^  II  -\~  V  -^  III  X, 

A  and  B  are  half  the  gross  volumes, 

Z  and  U  are  half  the  mean  circuit  lengths. 


12.  The  specific  mass  of  iron  is  about  77  kilograms  per 
cubic  decimetre  and  of  copper  about  S'g. 

Total  mass  of  iron       ^  2  x  77  X/,  A  kg. 
Total  mass  of  copper  =  2  x  8'9  x  fc  B  kg. 

13.  There  are  known  expressions  for  the  losses  in  the 
iron  and  copper  when  the  flux  and  current  densities, 
temperature,  frequency,  and  degree  of  lamination  are 
known.     These  are  of  the  form 

Iron  loss       per  kg.  =  a  /i''''  +  b  ji', 
Copper  loss       ,,     =  c  v', 

where     /z  =  B  x  lo"-*  =  flux  lines  per  sq.  cm.  -^  lo'', 
V  =  ampere  lines  per  sq.  cm.  -^  10'. 

The  losses  per  cubic  decimetre  gross  are 

Iron  loss  per  cubic  dcm.  gross 

=  77  X  ft  {a  ti'"  +  b  I,')  =  J.?,  say, 
Copper  loss  per  cubic  dcm.  gross 

=  8-9  xf,  xcv=  =  ^g,  say. 

Observing  that  gi,  g^  so  defined  are  twice  the  losses  per 
cubic  decimetre  gross,  and  recalling  that  A  and  B  are  half 
gross  volumes  we  get 

Total  iron  loss       =r^,A, 
Total  copper  loss  =:gc  B. 

a,  b,  c,  are  coefficients  determined  by  experiment  and 
corrected  by  calculation  for  various  conditions  of  tempera- 
ture rise,  frequency,  thickness  of  laminations,  etc. 

For   "  Stalloy "   sheets    0-02    in.   thick    and    electrolytic 

*  The  symbols  m  and  »  of  tliis  paper  correspond  to  the  symbols 
1  -;-  m"  and  m'  of  the  1909  paper. 


copper  of  medium  section  at  50  periods  per  second  and 
i2o°  F.,  we  may  put  approximately  as  average  values 

n=i7;     />^o'5;     c^2"2. 

Kach  designer  sliould  determine  tlicse  average  values  by 
experiment  for  himself. 

14.  If  we  assume  that  the  core  and  coils  are  rated  up  to 
the  permissible  limits  of  saturation  and  temperature  rise, /i 
and  V  may  vary  slowly  for  a  range  of  designs  of  equal  output 
under  similar  conditions,  and  may  be  assumed  constant  as 
a  first  approximation. 

We  may  take  B=  14,000,  or  /i  =  1-4,  as  the  upper  limit 
at  50  periods  per  second  or  less,  while  v  ranges  from  3 
ampere-lines  per  square  millimetre  in  small  transformers 
down  to  I '5  in  larger  transformers.  Wider  ranges  of  v  no 
doubt  occur,  and  for  higher  frequencies  B  is  restricted  by 
the  temperature  rise. 

15.  In  the  above  equations  it  is  assumed  that  the  llux  is 
uniformly  distributed  in  the  core.  This  is  only  approxi- 
mately true,  but  the  difference  in  losses  given  by  this 
assumption  is  found  in  practice  to  be  of  little  importance, 
especially  in  comparing  similar  types  of  transformer. 

The  current  density  is  sometimes  greater  in  the  low- 
tension  than  in  the  high-tension  coils,  sometimes  less.  An 
average  value  giving  the  same  total  losses  may  be  assumed 
from  one  type  and  applied  to  a  range  of  designs  without 
much  error.  We  thus  find  that  the  space  factors  and 
densities  are  only  approximately  constant  and  that  the 
flux  and  current  densities  are  by  no  means  uniform.  In 
addition,  the  temperature  rise  and  reactance  pressure-drop 
may  exceed  the  specified  limits  when  the  dimensions  are 
varied  in  the  direction  of  least  losses  or  costs.  It  may 
seem  a  formidable  task  to  introduce  corrections  for  all 
these  quantities,  but  in  practice  a  little  experience  enables 
the  designer  to  manoeuvre  them  all  in  various  directions 
until  a  fair  compromise  is  attained.  Undoubtedly  the 
apparently  "  rough  and  ready "  nature  of  these  assump- 
tions has  prevented  professional  mathematical  physicists 
from  studying  the  problem  of  transformer  dimensions.  At 
the  same  time  the  mathematical  analysis  required,  even 
after  all  these  simplifying  assumptions  have  been  made, 
has  proved  sufficient!}'  hard  to  defeat  the  engineers  who 
have  attacked  the  problem.  Only  an  experienced  designer 
can  employ  the  metliod  developed  here  usefully,  but  used 
with  discretion  it  cuts  out  an  exceedingly  large  amount  of 
"  trial  and  error  "  design.  It  is  also  capable  of  giving  a 
really  comprehensive  outlook  to  an  adequately-equipped 
technical  student. 

16.  If  /,-,  4  are  the  costs  per  kilogram  of  iron  and 
copper  we  obtain  two  coefficients  k,-,  k^  which  are  twice 
the  costs  per  cubic  decimetre  of  gross  volume  of  the 
circuits. 

/c,  =  2  X  77  X /,/,•, 
K  =  2  X  8-9  X  fc  Ic- 

Expressions  for  iron  and  copper  costs  (active  material 
only)  are 

Cost  of  iron  core       =A:,A, 
Cost  of  copper  core  =  kc  B. 

If  we  introduce  I,  J,  for  the  total  iron  and  copper  losses 
and  costs,  we  have 

I=ftA-f&B, 
]  =  ft,A-|-A,B. 


I.i>U' 


I  ii\iKV<!nvs  iti"   'ri.'vvsFi  ii.'\(ri.>< 


M'. 


V.i 


Ui.     all.     lU 
which  lliual 


Wc  a.cii  :jn 


\' .ii  11  given  one  can  etiinulc  clo»cly  the 

luteck  aiui  1  >e  input  (rum  ie»t!i  of  lainiUr  lypc«. 

\N"r  ■■  '  cloNcly  enough  a  quantity  I'  which 

vi  >'lcct(uinj)2iirtic  rcUiiiiit  (or  a  simple 

»inc  W4VC  lijim  <.'l  llux. 

I 

I'm]-3  X  N*X  X  IO-*  X  io-»k.v.a.. 

N  V  (rei)urncv  in  periods  per  secomt, 

♦  k  total  flux  iiitcrhiut' 

X^.  .1    Mjiiirp   value   I'l  line*  or 

tUMIMIi' 

sum  o(  I 
The  values  of  ♦  aiid  X  aic  j{ivcii  h\ 

*  s  ^  X  lO*  X  /<.V  «  X  to', 

X  =r  X    lo*  X   ^,a-T  X  10". 

Subslitmin^  iiu-%c  v;tlur»  wc  get 

V  =  it  N  /.  f.  fi  f  r  V  :  M  X  iiv  •    i-^«  V  lo-*  X  ID" '  k.v.a.. 
^  kx y  :  n. 

whtrrc  A  ^oii  S  f,t,  p  ►. 

Let  I',,  be  the  numerica'.  value  ot  I'  (Ictcrniiiied  by  the   , 
specilication.     Then  I 

I'  =  I'.,  a  constant    ...  (i) 

This  vcr\  ctic  relation  between 

the  tour  gc  •    variables,  .r,  y,  :,  u, 

may  be  written  when  ^,  v,  t„t,  are  assumed  constant  in  the 
form 

I  V  ;  II  =  V^h,  a  constant.  | 

it>.  Subject  to  this  relation  we  may  desire  to  find  the 
dimension  corresponding  to  minimum  losses,  I,  or  to 
minimum  costs,  ].  > 

Taking  hrst  the  casv  of  minimum  losses,  I.  we  must  tiave 
for  a  stationary  value  i 

M,     _^J1.     ^M,     ^51. 

>  X  ^\     ■  i  Z  J  M  I 

I 

and  MiiLc  1'  ^  Pa,  a  constant,  we  have 

K     ix  +  ,^ly-^^l:  +  ^    I  u=o. 

I'Sing  Iwtgnuige's  method  and  multiplying  the  latter  by 
X,  an  indclcniiinate  arbitrary  function  of  x,  v,  :,  u,  and 
adding  lo  the  former  we  get 


e-;-S'-(u*'M.')'-(5;--;D'- 


I  U  SSO. 


Since  there  is  only  one  relation  (i)  between  the  four 
variaM,  .\  i.iv  consider  any  three  variable*  indepen- 
dent    '  ,  I,  y,  ;  as  independent,  >ince  \  i*  arbitrary 

5  1  ^  F 

we  mav  choose  it  so  that  *  -  +  X  ^-   .  the  coefficient  of  /  u. 


>o. 


J  I    ,    ,  J  I' 


Khminaling  X,  we  have  three  n 
These  may  be  eipre»»cd  in  the  i 


.1 I 


-nl  rcUlion-   '-i' 
toim 


)l 


0  1 


v>   I 


vani>he$  identicallv.  i.t.  X 


;>i/jp 

N 


_  _  ;>  I  /J 


The  notation  means  that  any  pair  of  rows  forms  a  dctei 
minant.  the  vanishing  of  which  gives  a  relation  between 
the  variables  necessary  for  a  stationary  value  of  I  when  J' 
is  constant     The  advantage  of  the  matrix  notation  is  that 
we  may  use  the  rules  for  the  reduction  of  matrices. 

Only  three  of  the  relations  »o  obtained  are  independent. 
Let  any  three  be  A,  =o.  A.  =  o,  Aj  =  o.  The-*  with 
P=  |'„  give  the  four  relation-  brtwccn  four  varuble* 
required  to  determine  the  -. 

19.  If  instead  of  least  lo>~<  1  rcquiied  least  costs, 
the  conditions  would  have  been  similar,  with  Js  -.ubstituted 
for  Is  in  the  matrix. 

The  relations  between  J  and  P  are  not  in  general  cquiva 
lent  to  those  between  I  and  P  ;  but  if  *./».  =  g.lg.  <*>«  ^° 
systems  are  evidently  equivalent. 

20.  If  wc  seek  simultaneously  y  '  'd 
minimum  costs  wc  have  1  and  ]  siu. 

but 

1  =  i.  A  +  t  B. 
and  J  =  *.  A  +  ».  B. 

Hence  equivalent  conditions  are  that  A  and  B  sliould  be 
minim.i  Niinullaneou>ly.     We  have 

^A,,^.^A,  5A^  i_A,^^„ 

^4^  J.v  dJ  dK 

2'B,  ^^B,  ^5B,  _^JB,  _„ 
.  ix-¥^  'v+^  l:+  lu=o, 
5  J-  Jv  Ji  J" 

^P*     J.5P,     _._>P,..   5P. 

.-#r+.         *V+.r^      I  X  +    ^~  in  SSO. 

^  r  J  V  J  r  da 

Multiplying  the    first  by  X,   and   the   second   by  K  ""^ 
adding  the  sum  to  the  third, 

Then   since  there  is  only  oni  "^ 

variable*  we  may  choose  any  thi .  " 
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we  may  choose  any  two.  say  .v  and  v,  as  independent,  and 
since  X,,  Xj  are  arbitrary  we  may  choose  them  so  tliat  the 
coefficients  of  c  ii  and  S  z  vanish  identically. 

This  enables  us  to  adopt  anj'  one  other  arbitrary  relation 
between  .r,  y,  s,  and  ii,  consistently  with  F  =  P„  and  with 
the  two  independent  conditions  contained  in  the  matrix 
below.  Hence  .IS  the  condition  for  "  turnini^  values"  the 
coefficients  of  ^ x,  S y  must  also  vanisli  for  all  values  of  Sx 
and  !  v.     This  skives  us,  on  climinalin"  X,  and  X,,, 


3B 

3P 

3.V 

^A 

DB 

DP 

3v 

Dv 

3,v 

DA 

as 

DB 

3.' 

SP 

J)A 

3B 

^p 

This  contains  only  two  independent  conditions.  Com- 
bining these  with  P^  P^  we  h.ive  three  relations  between 
lour  variables,  giving  a  one-fold  infinity  of  solutions  as  in 
the  1901)  paper. 

21.  Substituting  the  values  of  A,  B,  P,  and  their 
derivatives,  we  may  multiply  the  first  row  by  x,  the  second 
by  V,  the  third  by  s,  and  the  fourth  by  u.  Adding 
together  all  the  rows  we  get  a  fifth  row,  the  terms  of  which 
are  3  A,  3  B,  4  P,  a  result  which  at  once  follows  from 
Kuler's  theorem  for  the  partial  differential  coeflicicnts  of 
homogeneous  functions. 

J)A   DB   3P 


dx 
DA 

'^ 
DA 

DA 
3  u 
3A 


'Dx 
D  B 

DB 

'd7 
DB 

'DlJ 
.3B 


'D^ 
DP 

"Dj 
c)JP 

'Dz 

DP 

'    XT— 

0  u 
4P 


Dividing  the  first  column  by  v  11,  the  second  by  xz,  and 
the  third  by  P  we  get 


z  +  X  +  2  tiy 

z 

2  +  -V+  ny 

Z{z  +  x  +  ny) 


j(  +  \'  +  2  m  x 

V 

;/  +  !'  +  >ii  X 


3  («  +  V  +  '« •>■) 
whence  by  successive  reductions 


Z  —  X 

—  ny 
X  +  ny 
3(j-|-.v  +  Hy) 


u~y 

—{y  +  m  x) 

3  ("  +  y  +  '"  -^O 


=  0, 


givmg 
whence 


y  -\-  III  X       m  X       II  —  \' 
x-\-ny       z  —  X         ny   ' 

(i  +  7n  n) y  -\-  2inx 

y+  mx 
I ^, (i  +  mn)x  +  2  n y 

X  +  ny 


u=y 


(S) 
(6) 


Both  these  results  were  obtained  in  the  1909  paper. 


22.  If  we  assume  as  in  the  1909  paper  that  the  iron 
and  copper  losses  are  in  a  given  ratio,  we  have,  using 
the  expressions  in  §§  11  and  13, 

g,  X  y  u  {z  +  V  +  hy)  ,. 
'^ — r— 7-      -    ■      =  given  ratio, 

\'  H  (z  +  X  +  n  y)      (,',.  . . 

or  •  -r^r-  -'-'■-{='''  X  given  ratio, 

xs{u+y+mx)      g,-      " 

=  s  say. 

This  may  be  tal;en  as  the  new  arbitrary  relation  jier- 
missible  as  stated  in  §  20. 

If  we  substitute  values  of  z  and  11  from  (5)  and  (6)  in  the 
above  we  get 

y"      ( I  +  m  ")  X  ■}•  2  II  y 
X'      (i  +  mn) y  -\-  2  m X 

X  [(i  +  m  n)  y  -\-  imx]  -\-  (x  +  ny)  (y  +  mx) 

V  [(i  +  m  n)  X  +  2  /(  v]  +  (v  +  m  x)  (x  +  n  y) 

This  is  homogeneous  in   v  and  x.     Putting  vjx=-l  we  get' 
a  quintic  in  / 

2H°/5-|-5K(i-f  iM  );)/-'-|-[2(i-|-»/  ii)''-\-6m  n — 3  sn{i-\-m  «)]/•'' 
+  [3  m  (i-f  >"^  n)—  \  2{i-\-m  lif+d  nin  \  s]  I' 

— 5  ;/i  (i+)« /;)s/ — 2»/=s  =  o     ...     (7} 

If  m  n  =  1  this  reduces  to  a  cubic 

«  v3  +  3  .r  v°  —  3  s.v=  V  —  w  s.v' =  0     ...     (8) 

23.  If  we  take  the  data  of  the  problem,  in  Section  19. 
page  231  of  the  1909  paper  we  have 

,,  =  1.  '■=!,         Po  =  40'5  k.v.a., 

gi  =  27-6,     g,=  iyH,    «,A:.eB  =  o-4. 

fi  —  o-g,      /,-  =  o-35,     111=',     11  =  ^. 


Applying    the    methods    of    this    paper,    Equation    (7). 
becomes 

/5  +  3.56  /4  4-  3-1  /3  +  0-356  P-  0-358  /  -  0-05  =  o. 

The  useful  root  is  found  by  Horner's  method  ='•  to  be- 
/^o-307.  Equation  (8)  which  is  equivalent  to  the  graphical 
method  of  the  1909  paper  becomes 

/3  4-  1-91  /=  —0-382  /  —  o-i  =0. 

The  useful  root  is  found  by  Horner's  method  to  be 
;  =  o-3i5.  On  page  232  of  the  1909  paper  we  find  by 
the  graphical  method 

,v  =  2-28,    y^  0-725, 

whence  /  =  v/.r  =  o-3i5,  which  agrees  with  the  approximate 
cubic.     Tabulating  the  values  obtained   by   the   accurate 

*  Chrystal's  "Algebra,"  vol.  i,  p.  .141. 
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47s 
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fioo 

r>io 
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m  M 
I  —  I 
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IS-  A    (hird    II  >i    coiidilioa    u    obLuitcd    l>> 

,  =  ^  .  J  :  aiid  kubtiiiuliiig  (or  ;,  ■  iroiii 


t- 

no 

.i  ditfcr- 

:i      cacli 

by  uking  r 
cntials   o( 

iimlliplicd  by  the  corresponding  \-arublc% 

.>  1 

J  f  =0. 

'  5  - 

^p 

■  "y«- 

31 

4»' 

W^  >i'»tt  Uic!«c  out  in  full 


il'         JH         v>H         ^P       „ 

J   I 
«  j^  =e,\U.t-^lt,.It(U  +  V  +  2  in  I), 


;  (»,  \'  (1  r :  -*-  jr  4-  2  ;/  %1  -4-  v  .11.  >•. 


I  J  ,  =  i..<  u  .  --  +  ^.  .  I  :  11/  +  V  + 
)1 


J" 


=  ie.vi(U  +  -r  +  iiv)  +  A    ■rJH. 


pulling  ^.v  n  =  r. /t  '     =V. 

r  +  *  +  «v  ^  Z,      u  +  V  -f  in  I  =  I ' 

The  nutris  equation  becomes  on  dividing  the  right-iund 
culumn  by  the  oommun  (actor,  P, 

r  1  +  9(L'  -♦-  III  rl,     I  I   =10. 

;  /  +  ««•)  + v.r  ,     I  i 

f-i  +<lV  .    I  I 

3^^  +3«l  ^ 

TOW  ;  lor  a  new  tir^l  row,  row  2 
I  <1  row    ilu.e  times  row  3  (roni 


^      tiy*     {I -^  mm) g  +  tny      »  -f  w  «      y  -♦•  wj 
V  ^n'f  **(!  +  «■)¥  + JW*  **    J  +  ■»"  i  +■» 

This  is  homogeneous  in  v  and  1 . 
Putting  V  >  at  /  we  gel  a  cubic  in  /, 

•«"<•''  +  («  +  »»""/.'.'•    -  ii  +  m  •!}  ^     .  —  .•  .1  .   =  . 

Substituting  (or  :  and  u  Ironi  151  and  (0)  in  (1 1,  and  pullxi^ 
» ;'.«  ^  /,  we  liave 


From  (9)  and  ( lo)  we  get  x  and  y,  and  (rom  (5I  and 
and  u. 
y>.  1(  m  II  =  I .  i;),  (6),  (i>),  (10)  take  tlic  simple  (orms 


-y, 


m      c 


(lOI 


•*=\/ii'<"^'' 


r  "4*" 


Solving  these  we  gel  as  in  the  1909  paper,  liquation  07) 

.=y-xyf  *^  -— ■ 

N    •"      V  ft    4* 

v=  •/"  V    «/^  .'■'         =.... 

V   "        V  ^^    4* 

ij.  I'sing  the  data  ol   the  tra:  m 

paper  1  Vol.  43,  p.  33«^)  and  the  re. ^:.  ' 

this  palter,  we  have 

P.  SB  50-5.  »«  =  l,     I.  =ot>,     <.  =  305.     m^wli. 

PJ4  4  =  3U>.     rsi.     1.1=04.     *:  =  '5  7      "  =  »/-• 
Miisi-135,      r^t  "s  HM3-  •>■  =  ;. 

The  cubic  (>>)  becomes 

/'  4-  €1—  II  /•  —  o' vifi /  —  o  .;>-  ^ «.». 
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LOW:    DIMENSIONS   OK   TRANSFORMERS. 


The  useful  root  is  found  by  Horner's  method  to  be 
/^o'6o3.  The  approximate  value  .qiven  by  tlie  assumption 
fM  «  =  I ,  c  ^  2  .V,  «  =  2  V,  is 


'=</M=.-«M. 


Putting  /  =  o'6o4  in  (5)  and  (6)  wc  get  the  second 
approximation  for  .v,  y,  :,  1/, 

C^2"I0.V,  l(:=2'I2y, 

putting  these  values  in  (10) 

.i-^=078S,  whence  in  turn 
v  =  i'675  dcm.         c  ^  352  dcm. 

y  =  I'OII      „  U  =  2'142     ,, 

Tabulating  the  \'alues  given  by  the  accurate  method 
against  those  given  bv  the  lirst  and  second  approximations 
of  the  1909  paper  we  get  : — 


Accurate 

2nd  Approx. 

1st  Approx. 

.V 

v6S  dcm. 

1-68  dcm. 

i'j2  dcm. 

y 

I -01       „ 

roi     „ 

1-04     „ 

; 

3-53     „ 

3-52     „ 

3 '44     •. 

II 

2'13      ., 

2-14     ,. 

2-o8     „ 

28.  At  this  point  it  is  convenient  to  examine  Professor 

Robertson's  analysis.      On    pages    172   and    173    of    the 

"  Treatise  "  he  defines  a  quantity  Lo  as  the  "  Fundamental 

Length."     He  calls  L^  the  "  Fundamental  Surface,"  LJ  the 

'■  Fundamental  Volume." 

-.  ^     ^  *~» 

Putting  G  =  Lo  for  convenience  in  writing  ^'  ^^ — » 
etc.,  we  have  the  defining  equation 

The  reasoning  on  pages  172  and  173  of  the  "Treatise" 
is  difficult  to  follow  ;  but  apparently  it  amounts  to  this, 
that  the  losses  in  iron  and  copper  are  equal  for  a  maxi- 
mum efficiency,  so  that  in  the  notation  of  this  paper 
.<;,■  A  =  ,?f  B  =  1 1,  or  each  equals  half  the  total  losses. 

Again  it  seems  to  be  taken  that  when  the  performance  is 
specified,  the  efficiency  is  fixed,  so  that  the  output  is 
constant,  or  P  =  ?„  as  before,  and  the  total  losses  are  given 
by  I  =  lo  a  constant.     Hence 

P  =  Po,  a  constant (i) 

^,A  =  ^I„  a  constant (ii) 

^^  B  =  J  lo  a  constant (12) 

It  follows  that  G  is  a  constant  "  independently  of  the 
proportions  of  the  transformer."  This  constancy  of  G  is 
really  quite  arbitrary.  Reducing  G  by  means  of  equations 
(i),  (11),  (12),  we  have 

„  .V  y  2  u  „ 

ij  ^  —, — ; ; — =^-7 — i ; %  ^  Go,  a  constant. 

'^(u+y  +  mx){z  +  x  +  ny) 

Multiplying  the  volume  G"-'  by  the  cost  per  cubic  deci- 
metre  of  the   iron  circuit,  i.e.  J*,  from  §  16,  we   get  a 


quantitv  called  by  Professor  Roberlson  tlie  "  fundameiilal 
cost,"  j.t,  ti"'. 

The  ratio  of  the  orthodox  cost  function  J  ^ /;,  A  +  /;,  B 
to  the  "  fundanienliil  cost  "  is  dclined  as  Professor  Robert- 
son's cost  function 

.1 


Rohcrlson's  cost  function  = 


iAvG!" 


29.  To  fiiul  nuniinuni  costs  the  dilieicntial  coefficients 
of  this  latter  function  arc  equated  to  zero.  Before  doing  so, 
the  homogeneous  cubic  numerator  and  denominator  are 
each  divided  by  y^,  and  by  means  of  the  transformation 
X:=zly,  2  Y*  =.v/.v,  Z  =  Illy,  we  may  transform  the  results 
of  this  paper  into  Professor  Robertson's  notation,  and  vice 
versa.  Retaining  tlie  homogeneous  form  of  the  equations, 
as  being  much  more  convenient  for  tlie  formation  of 
partial  differential  coefficients,  we  may  note  tliat  equating 


■■  o,  etc. 


is  equivalent  to  imposing  the  necessary  relations  of  condi- 
tion between  the  variables  so  that  J  and  G^''  should  have 
stationary  values  for  the  same  values  of  the  variables.  But 
if  G3'=  has  a  stationary  value,  not  zero,  so  has  G,  and  we 
get  rid  of  the  troublesome  factor  f  A',G''-,  which  occurs 
written  out  in  full  in  each  of  Professor  Robertson's  initial 
equations.     These  conditions  are  equivalent  to 


D.r 
3G 


3  V    '        32 


d  u 


.      , 5G.      ,  3G.      , 3G, 

Eliminating  Lagrange's  indeterminate  multipliers  as 
before,  multiplying  the  rows  by  .v,  y,  s,  u,  and  remember- 
ing that  J  and  G  are  homogeneous  functions  of  x,  y,  z,  u,  of 
the  third  and  second  degrees  respectively,  and  using 
Euler's  theorem  relating  to  homogeneous  functions,  we 
get 


3  X 

<)  J 


3J 

0  u 

3] 


^aG 

'  7)  X 
c)G 
oy 
3G 

aG 

'37. 
2G 


30.  It  is  to  be  noted  that  G  in  Professor  Robertson's 
system  takes  the  place  of  P  in  the  correct  system  of  §  24. 

Professor  Robertson's  equations  of  condition  are  iden- 
tical with  those  formed  by  taking  rows  (i)  and  (5),  (3)  and 
(5),  (4)  and  (5)  of  the  last  matrix,  and  equating  the  de- 
terminants so  formed  to  zero. 

The  condition  obtained  by  taking  rows  (2)  and  (5)  is 
lost  in  his  analysis  by  dividing  the  numerator  and  denomi- 
nator by  j'3 ;  but  as  it  is  not  an  independent  condition,  the 
equivalence  of  the  two  methods  is  unaffected.  If  we  take 
these  three  independent  conditions  along  with  the  implied 
condition,    G  ^  Go,  we  have  sufficient  equations  to   solve 

*  Professor  Robertson  tal^es  Ini!/  the  window  width  as  his  standard 
dimension. 


low       IMMKNSIONS  OF  TRA" 


f  .  V  I    I       I  •.. 


to€  ilic  luur  vafiablc*.    U  bU.  it  not.  however,  ap|>afciiilv 
.n>  A  a  A.  H  a  iV.  >'  >  I',,  which 

„:  •:     ■■'  '    ■-    ;'  '■     '-nl, 

Ji.  ■"» 

I..  .1. 

I' 

Z*U*'^U  and rejcciin)*  iliertxxk  /bo,  Umo,  Iik 

•i+y(t'  +  "«*)        ZU— KiiZ  — il"     «o 

f,/.  +  H\1+^v  /f  —  i/  — nil' 

3/Z  +  .l«U  .    iU.2 

Thi«  tliould  be  conipArcd  with  the  coiTe>pondin(;  iiialrii 
in  !' 

\  eductions  we  get  the  two  iiidcpcn- 


/—•  ,    V—, 


V—U     ,     V—2U 

Z— •     ,   -Z+JJ 


or     ■(«  + ■/)  — «(jr  +  "i*)-f  »<"^  — J '•.v'=o, 

•  (»+  •r)  +  *(^+  i«T(  — J(.v  +  wi)(x  +  w;r)  =  o. 

By  addition  and  subtraction 

a  m  r  -  identical  with  (6), 


(I  +  w  ■  Ij^jfj  m  X 
V  +  mx 


(5)- 


The  third  independent  relation,  which  we  sliall  not  write 
down,  is  an  equation  of  the  seventh  deforce  which  docs  not 
give  the  same  useful  root  as  the  correct  cubic. 

33.  It  would  have  been  unneccssiry  to  follow  in  such 
detail  a  piece  of  analvMs  evidently  based  on  faulty  assump- 
tions, were  it  not  for  the  fact  that  two  out  of  three  equations 
obtained  are  correct.     It  will  be  noticed  that  the  general 

.     .  fx.  V,  r.  u,  IK.  «,\  ....  , 

substitution  I     '  I  by  which  we  pass  from  a  core 

\v,  1,  u.  :,  «,  mj 

to  a  shell-tvpe  transformer,  contains  as  particular  cases  the 

..^u,.„<».(i:).  (°).  (j«).  (j5;;«j).w.„.«,^ 

(6)  denote  the  equations  so  numbered.    It  is  entirely  owing 
to  this  ,'    .   -  _  I  ions  arc  possible 

which  incomplete   and 

in>.  ;ii  ut  <.^ualioiis  oi  condition  to  the 

tw  .^  found,  namely  (5)  and  (61,  out  of 

four  required. 

The    statement    at  the    bottom    of    page     179    of    the 
"  1'reatise,"   that   taking  ratios  of   variables   reduces  the    1 
number  of  variables  by  one,  was  also  made  by   Mes.<4^    ! 
Fleming  and  Kaye-Hanscn  (see    Kibliography).     It   is  of    i 
course    quite    erroneous,  as    a  fourth    variable,    sav    v.    is 
rcquirrd  in  order  to  dclcrmine    the  abMiluIe  (iiiiKiisioiiS. 

\  <.n 

til  JO 

a>  .1  maximum  emciency  wneii  the  current  is 

tlic  ,     ident  variable  and  the  current  density  i« 

unrestricted   by   the   temperature  rise,  and  the  Aux,  Hux 
density,    and    dimensions    are    constant)    is    applied    on 


rlic,  and  the 

the  <1 

i 
4 

tiuit  Aiui  vu^^ict  ICiUl  lu  k^uca  u\:^>.i  a;ui). 

Vakiahij!  Pll'x  AMD  Cumttirr  l> 

J.V   II    we  ' 

\*artable,  we  :  H 

current   and   llu»  --i    'be 

(<>rin.   where  /i  r  aj  ,  . 

I'  B  A    X  >  V  .'  M  X  |t  r  K  i'^ 

or  tr:itMit»ss  PJk', 

where  *'  dificrs  from  *  by  the  factors  fi  r. 

Iron  losssti  x  TJ/,(«i>'*  +  ^ftyi*  •¥  *  •¥  »}• 

as  i»i,(<i^'*+  bii*)X,  av. 

Copper  loss  =  2  i(  til)  ico'  X  Hy  +  m  +  mti 
=  «.>»-'  B,  say, 

where  A,  B,  as  belore  arc  half  the  gross  volumes  of  the 
circuits,  and  where  m.  ''V 

the  above  equations  an:  'C 

decimetre  of  the  gross  volume  01  the  copper  and  uoo 
circuits. 

34.  If  we  seek  for  minimum  losses  subject  to  P  =  P^ 
we  get  x,y,  r,  «  intinitcly  large,  and  tt,  t>  inhnitelv  -■•>  ■"  ^id 
of  a  higher  order  of  intinitesinials  than  the  re  •' 

x,y,  e,  u.     In  fact  if  x.  v,  .-,  u  are  large  m  <^ 

order  l/«,  then  ««.  ••  are  small  quantities  0/  ;  ^1 

the  losses  arc  oi  the  x  !/•'  =  #  v 

the  terms  containing  t  power  of  «  i  v 

d^'*)in  the  expression  lor  losses,  fr  as 

from  the  form  of  the  expressions  for  1--  -         -  -c> 

arc  indefinitely  small. 

•55.  It  is  necessary  to  assume  another  condition  in  order 
to  make  the  problem  dctcnninate.  Let  this  condition  be 
the  assumption  that  the  cost  J  lias  a  6xed  limit,  then 

]  =  h v«3> 

Thence  since  P  =  P.  and  J  =  J«  and  I  has  a  •  turning 
value."     and     proceeding    as     in    5    Jo    and    1  >; 

Lagrange's  indeterminate  multiphers,  wc  get  :  .  g 
the   1st,  ind,  etc.,  rows  by  x,  v,  etc. 


5P 

d  X 

■11- 

ix 

JP 
d  V 

>I 

JP 

v>I 

is 

it 

ii 

dP 

if 

-v. 

in 

if 
if 

0 

dP 

ii 

o-JO 


LOW  :    UIMKXSIOXS    OK    TKANSFORMEKS. 


J  and  I'  arc  lioiuogcneous  in  i,  v,  ;,  ti,  /i,  r,  but  I  is  not, 
so  that  Eulcr's  theorem  of  homogeneous  functions  cannot 
be  used.  The  lirst  four  rows  of  this  matrix  are  equivalent 
to  tlie  matrix  of  Section  2i  which  leads  to  Equations  (5)  and 
(6),  for  I  and  ]  arc  linear  functions  of  A  and  H  with  respect 
to  .V,  V,  2,  and  11  (but  not  of  course  with  respect  to  fi  and  v). 
Hence  (S)  and  (6)  are  still  conditions  in  the  most  general 
case. 

-?().  The  last  two  rows  taken  with  any  other  row  at  once 
reduce  to 

=  0. 

31  M 

or  /I, 


31 


a/<- 


3 


(14) 


Writing  these  out  in  full  in  the  notation  of  this  section 
vii  [r6 a  ii'''+2  b  11") y II (!+.\  +  iiy)=in^X  2  c,r X z  (i(  +y  +  III x). 


This  mav  be  put  in  the  ton 

iiic  cv'B 

m,((i  /i'*  +  bii-)A' 


6a  I 


'  +  26^° 


:n  !!'''•  ■{-  2  b  fi" 


The  left-hand  expression  is  seen  to  be  the  ratio  of  copper 
loss  to  iron  loss.  Tlie  right-liand  expression  increases  con- 
tinuously from  the  value  o'S  for  /i  =  o  to  unity  for  ;<  =  cc  ; 
hence  the  ratio  of  the  losses  lies  between  o'8  and  i.  This 
result  has  already  been  given  by  several  writers,  but  with- 
out the  above  proof  that  it  is  consistent  with  the  most 
general  conditions. 

37.  We  have  so  far  five  conditions  between  the  six 
variables,  namely  P  =  Po  (i),  J  =  Jo  (13).  (5).  (6),  and  (i4)- 

To  get  a  sixth  we  take  any  pair  of  the  first  four  rows 
with  either  of  the  last  two  rows  and  equate  the  deter- 
minant so  formed  to  zero.  Taking  the  first,  second,  and 
sixth  rows,  this  gives  after  some  reduction,  obvious  after 
what  has  alreadv  been   done, 


31 

a  I 

'3_v 

31 

^37- 


.3J   =0, 

3.V 

3  V 


whence   subtracting  the  third  row  from  the  second  and 
from  the  first  we  get  at  once 


3T 

3  1        31 

■^■3^- 

■^•3^-"3T, 

3T- 

31        3  1 

■'33'     ^3.1' ""31' 

■writing  out  these  expressions  in  full 

kiynx  +  kcXz{u+y+2mx) 
k/V  II  (z+x+2  iiy)-\-kc .  xs  .y 

m,{aii''''+bii'')yiix—iiitCp'sx(u+y) 

m,{aii''"+bit')yu{z-{-x+2ny) — mtCv'zx{2u+y-\-2mx) 


(15) 


The  reduction  of  the  system  of  the  six  equations  be- 
tween X,  y,  z,  It,  fi,  V,  viz.  ti),  (5),  (6),  (73),  (14),  (15)  will 
obviously  involve  lengthy  arithmetic. 


38.  If  we  seek  minimum  costs  for  a  given  output  without 
regard  to  losses,  we  get  again,  as  in  j  34,  an  incleterniinate 
problem.  In  this  case  the  dimensions  are  indehnitely 
small,  of  the  order  f  say,  and  the  densities  indelinitcly 
large  and  of  the  order  i -^e^,  while  the  losses,  contain- 
ing terms  with  the  factor  ( i -f- f-')°  X  t',  are  indefinitely 
large. 

We  may  make  the  problem  determinate  by  assuming 
that  the  losses  have  a  definite  finite  value 


I  =  Io 


(16) 


We   then   get   the   same   system   as   in   j  33   but    with 
Equation  (16)  substituted  for  Equation  (13). 
The  present  author  has  not  carried  the  problem  furllier. 
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MATHHMATICAI,    RKLATIONSHII'    liRTWRHN    FLL'X    AND    MAGNKT- 
IZING-CURRKNT    WAVES    AT    HKiH    FLUX    DENSITIHS. 

By  A.  L.  Tacklky,  B.Sc. 

{Pafier  fifil  recriifil  30  Oclittx^r,  1914.  dM><  in  nna/  form  )  Fthrmmry,  1915.) 

Tiiik  papc  ori|^nated  in  jn  attempt  to  deduce  inathe-  give«  the  current  wave  a, — and  then  correcting  thiv  w<vr 

nt..  '  experimental  result  obtained  by  Mr.  to  allow  for  the  width  of  the  loop.     Wave  b  f>  ■ 

J.  for  the  shape  of  the  magnetizing-  encc  (K-tween  current  waveband  the  luttJ  m.i. 

current  wave  required  to  prinlucc  an  alternating  sine  wave  current  wave,  and  it  could  alao  have  been  dcduoc<]  directly 

of  tlux  aiiainiiij  liiijli  rtux  densities. "-'  from  the  hy&teresis  loop. 


Kii..   I.— Static  Hysteresis  loop  and  B-H  Curve.     AImi  \V.ivr»  .>(  Flux  ami  M.i;:ne(i/iiig  Current. 


A>  an  introduction  to  the  ii\athematical  treatment  of  this 
Mibjecl.it  is  desirable  to  consider  the  relation  between  flux 
and  inagnctuing-current  waves  at  normal  flux  densities. 

Ill  Fig.  I  the  magnctizuig-current  wave  required  in 
order  to  produce  a  »inc  wave  of  Bux  in  a  given  magnetic 
circuit  has  I  .:  aplucally  from  the  corres^Kxid- 

ing  »utic   l.>  This  con^I^uctlon  could  luve 

been  cairied  out  in  two  stages  ;  first  by  replacing  the  loop 
bv  tlic  dotted  line  which  bisects  its  horizontal  width— thi» 

*  J.  li.  Nkrolmix.  Ttic  nugoetiulina  ol  irua  at  tu|;ti  flut  drntity 
.oil)  altrruliat;  currrntv     7>>N'aa/ /  £.£.,  vul.  5),  p.  >4t,  1415. 

Vol  53. 


Now  harmonic  analysis  of  this  static  magneti/ing-current 
wave  gives 

d,  sin  0  —  d,  >io  3  9 -t- d,  sin  5  «>  —  etc.  I 
-)- 6,cose  — ^,cos3«  +  \cos56  —  etc.  )  ■    ^'' 

By 

of  1        .  .  , 

lu.  IS  given  by  u,  -^  d,  •(-  <i,  -f  etc.  ;  ttic  sum  ol  the  cuMne 
terms  gives  »-avc  h,  and  owing  to  the  convergency  ot  this 
series  and  the  iigns  ot  the  term*,  the  maximum  width  of 
tiie  hysteresis  loop  is  ot  the  order  of  mag-iiiude  3  h,.    One 
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other  line  is  shown  in  Fig.  i  within  each  luilf  of  the 
hysteresis  loop,  namely,  the  B-H  cuive  as  obtained  by 
the  method  of  reversals  with  a  ballistic  galvanometer. 

Now  if  the  magnetization  reaches  high  flux  densities, 
the  width  of  tlie  loop  becomes  so  small  compared  willi  the 
maximum  value  of  the  magnetizing  current  tliat  its  in- 
fluence on  the  shape  of  the  magnetizing-current  wave 
becomes  negligible.  Tlie  latter  may  therefore  be  derived 
directly  from  the  line  bisecting  the  loop,  and  its  analysis 
will  yield  only  sine  terms,  giving 


ii,  sin  9  —  (7,  sin  3  9  +  U;  sin  5  C  —  etc. . 


(2) 


.-Mso  since  the  width  of  the  loop  is  negligible  this  bisect- 
ing line  mav  be  replaced  by  the  corresponding  B-H  curves, 
since  both  are  contained  within  the  loop. 

Proceeding  to  the    B-H   curve  for  the  "  Stalloy "   iron 
used  in   Mr.  Nicholson's  experiments.  Fig.  2   shows  the 


i-o  10  IOC  H        1,000 

Fig.  2.— .Analysis  of  B-H  Curve.     Log  B  Plotted  against  log  H. 

corresponding  log  B,  log  H  curve.  The  equation  to  the 
straight-line  portion  of  this  graph  is  given  by 

log  B  =  4'037  +  o-i  log  H 

so  that         B  =  10900  Hio    or     H=r^^^^j     ...     (3) 

The  accuracy  of  these  equations  when  applied  to  the 
B-H  curve  has  been  checked  in  Fig.  3,  from  which  it 
will  be  seen  that  the  calculated  curve  vi'ould  practically 
coincide  with  one  drawn  from  experimental  data  at  high 
flux  densities.  For  low  values  of  B  the  curve,  although 
not  accurately  representing  the  B-H  curve,  would  lie 
within  the  hysteresis  loop  for  the  high  flux-density  con- 
ditions considered  above.  For  the  present  purpose 
Equation  (3)  will  therefore  be  used  instead  of  the  B-H 
curve.     It  is  written  more  generally  in  Equation  (4). 


B  =  K,  I'o,     or     I  =  K,B"' 


(4) 


normal  frequency  /  when  connected  to  the  magnetizing 
winding  of  a  laminated-iron  magnetic  circuit.  Assume 
the  total  resistance  of  the  circuit  (including  the  resistance 
of  the  alternator)  is  negligible   and  that,  the  iron   being 
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Fig.  3. — E.xperimental  and  Calculated  B-H  Curves. 

worked  to  high  flux  densities,  it  is  possible  to  neglect  the 
influence  of  hysteresis  on  the  shape  of  the  magnetizing- 
current  wave.  Then  if  the  influence  of  eddy  currents  miy 
also  be  neglected  there  are  two  limiting  cases  which  may 
be  considered  mathematically,  namely,  the  effect  of  pro- 
ducing— (i)  a  sine   wave   of   magnetizing   current  in   the 
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Consicer  now  an  electric  circuit  consisting  of  a  single- 
phase   alternator   maintaining  a  sine  wave  of   voltage  of 


Fig.  4. 

(n)  ^  =  sin'°  (* ;  (ft)  y  =  sin'"*. 

electric  circuit,  or  (2)  a  sine  wave  of  magnetic  flux  in  the 
iron  circuit. 

Case  1. — Let  i  =  Iji  sin  9  be  the  magnetizing  current, 
where  B  =  ut,  i  =  time  and  <u  =  2  tt/.  Then  by  Equation  (4) 
the  curve  of  flux  density  B  produced  by  this  current  is 
given  by 

C  I 

B  =  -f  K,  I m'"  sin  10  i)  for  values  of  9  between  o  and  tt,  and 

I         1 
B  =  —  K,  Iji"  Sin  io  e  for  values  of  9  between  tt  and  2  tt  .  (5) 


MAGNETIZING^L'RRKNT   WW!-    \r   nit;H    J'"    DENSIT! - 


Uwiiii;  lu  atuuUiitv  only  one  Iij1(   |«enud  t»cc4l  Ue  >.««u-  i 

:   he 
kkidctl.  >o.  Mibailiiling  Hm (or  K,  la'*i  Kqiultoii  (5)  becumrk       |,y  . 

I  Vol' 

U  B  Hu  Mil  •»(*,  etc 

IIU. 


A  ^  ucA  uf   llie  iron 


♦  =  ♦vi  Mil"    I* 


(ft  I 


III! 

aiu 

4IIV 


The  CUIA'O  rcprociitcil  l\v  Kqujiioii  (6)  \\»s  Ixm  nli.llt.t        Tt. 
in  Fi|t.  4,  cun'c  ii ;  alto,  in  order  lo  cuiiMdrr  > 
lhi«  Aui,  Ihc  aiiolvMsof  Kquaticn  (<>\  nuy  Ik  utM.iiiii<i  i^.mx  ; 


-„-  —J 
'i,  at  pretcal 


i-O 


Aaiplitudes  0/  fu/ii/turir.-ifaJ 


Curve  a 

.  b 
c 
(1 


4  o 

Values  of  71 

Fic.  5— Harmonic  Anolytis  lo  the  Seventh  Harmonic  of  \  =  t»in*0. 
*-•'.'=  time  .«»>*/.       /  b  ptalUK  (of  #  s  o  to  «,  «ad  ocoUtc  !<»••>  to.:  v 


''■g-  5  ''y  noting  the  amplitudes  of  the  fundamental  .ind 


harmonics  for  use  — ,  giving 


♦  =  *M(f22Hne  +  o  36  sin  3  0  +  031  sin  5  «  \ 

+  o*i2  sin7  8  +  etc.) 
=  ♦.  (sin  tf  +  o  ;osin3e  + o'i7Mn5e  :' 

+  010  sin7  9  +  etc.)) 


•7' 


^*  it  of  the  fundamental  \\ave)=  riJ*M. 

'  'live  force  c,  induced  bv  tlii>  lliix  i> 

obtained  from  Equation  (7),  namely 

<•.  =  —  E* (cos e  +  3  X  03 cos 3  9  . 

+  5X  0-I7COS59  +  7  X010COS79  +  etc. ' 
=  —  E^  (cos  9  +  o"40  cos  3  9 

+  o 85  cos 5 9  +  070 cos  79+  etc.  I ' 

where  the  amplitude  E^  of  the  fundamental  *-avc  depends 
on  the  t  turns  of  the  magneti/iiig  winding,  the 

»urr'\  >,  and   Ihc   niuxiinum   value.   ♦,,   of   the 

I  Icrm    of    the    flux    wave    interlinked    with 

I-      _. 


wattless,  the  accuracy  of  the  a&siunptioas  made  with  rcgaitl 
to  hysteresis  and  eddy  currents.  Since  hyslere^is  is  prac- 
tically independent  of  the  rate  of  change  of  flux  with  time, 
the  flux  wave  [Equation  (O),  gives  the  same  hysteresis  loop 
for  a  given  value  of  ♦u  as  tli..  i  for  a 

static  sine  wave  uf  flux.     It  r  i>l 

hv-! 
\Vi; 
lua;.  .:  action  01  these  curIcnl^  on  i 

lion  ;   uhmic  loss.     Now  their  in;:-... -^ 

magnitude  depends  on  the  time  rate  of  change  6k  the  flux, 
while  their  magnetic  action  depends  on  t' —  ■    ' 

.tnd  pliase.  and  on  the  pcrmeabililv  and  i 


t>ul 
For 


of    the    curve    represented    t 

appreciable  for   the  steep  y . 

maximum  value  of  which,  ♦h.  will  re 
changed.    It  is  interesting  to  notice  thjii 
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resultant  Aux  wave  must  also  contain  the  term  >l>Ksiny  un- 
clianjied,  since  the  magniluile  and  phase  of  the  latter  arc 
determined  by  the  apphed  voltaic  wave.  The  eddy 
currents  can  therefore  onlj'  modify  tlie  harmonic  terms 
of  Equation  (7),  and  the  resultant  flux  wave  will  be  of  the 
form 

*=:*Ksine  + *jsin3(«  —  03)  +  *ssins(9  — as)  +  ctc.  .  (g) 

The  current  wave  will  now  include  a  fundamental  term 
tending  to  neutralize  the  magnetic  effect  of  the  funda- 
mental eddy  currents,  and  also  a  fundamental  cosine  term 
in  phase  with  the  applied  voltage  to  supply  the  total  cddy- 
currcnt  olimic  loss.  The  magnitude  of  this  loss  depends 
on  the  square  of  the  form  factor  of  the  resultant  induced 
voltage  wave. 

The  case  considered  above  readily  leads  to  Case  2,  that 
of  a  sine  wave  of  flux  in  the  iron.  Thus,  suppose  no 
resonance  device  to  be  inserted  in  the  electrical  circuit 
which,  in  contrast  to  the  eddy-current  paths  in  the  iron, 
now  possesses  by  assumption  onK'  inductance,  then  the 
flux  will  produce  harmonic  currents  in  the  winding, 
lagging  n/2  behind  the  harmonic  voltages  producing  them. 
The  direction  and  pliase  of  these  currents  causes  them  to 
oppose  and  reduce  the  harmonic  fluxes,  which  will  result 
in  the  flux  wave  tending  towards  a  sine  wave.  This  action 
is,  however,  limited  by  the  inductaiice  of  the  complete 
circuit  to  the  harmonic  currents,  but  if  these  currents  can 
be  assisted  to  reach  their  full  .values  the  flux  wave  will 
become  a  sine  wave.     This  case  will  be  now  considered. 

Case  2. — Let  *  =  <1>.m  sin  9  be  the  flux  wave  giving 
B=:  Bm  sin  9.  Then  by  Equation  (4)  and  as  above,  consider 
only  a  half  period,  the  curve  of  current  to  produce  this 
flux  is  given  by 

1  =  IC,  Bj,'°  sin"  9 (10) 

The  shape  of  the  current  wave  (10)  has  been  plotted  in 
Fig.  4,  curve  b.  Also  by  analysis  (see  Fig.  5,  ;;  =  10) 
Equation  (10)  may  be  written 

t  ^  In  (o'47  sin  9  —  0-32  sin  3  9  \ 

+  0-15  sin  5  9  —  0'04  sin  7  9  4-  etc.)  I 
=  Ik  (sin  9  — 0-69  sin  36  r  (") 

+  0'32  sin  5  0  —  o'o85  sin  794-  etc.) ) 

where  lu  =  K,  Bm'°  and  If  (the  amplitude  of  the  funda- 
mental wave)  ^=  0'47  Im. 

With  regard  to  the  accuracy  of  the  assumptions  made 
for  this  case,  hysteresis  has  already  been  considered. 
Regarding  the  eddy  currents,  these  are  of  the  fundamental 
frequency,  and  returning  to  waves  of  normal  flux  densities 
their  effect  may  be  approximately  represented  by  in- 
creasing amplitudes  a„  b,  of  (i)  to  (a,  +  a)  and  (6,  4-  13), 
where  a  corresponds  to  screening  action  and  /3  is  due  to  this 
action  and  ohmic  loss.  Assuming  the  screening  action  to 
be  negligible,  a,  which  modifies  the  slope  of  the  resulting 
hysteresis  and  eddy-current  loop,  may  be  neglected,  while 
{b,  +  /3)  is  the  approximate  half  width  of  this  loop.  Now 
(6,  4-  (i)  can  be  compared  with  Im  from  the  fact  that  all 
terms  of  (i)  other  than  (6,  4-  /3)  cos  9  are  wattless.  Taking 
normal  values  for  the  total  hysteresis  and  eddy-cum-nt 
iron  loss  at  50  periods  per  second  and  with  o"5  mm.  thick- 
ness of  the  "  Stalloy  "  laminations,  we  have 

6,  +  li)  approximately  0-5  per  cent  of  Iji,  for  Bm  =  20,000. 


Tile  width  of  the  hysteresis  loop  when  the  eddy-current 
loss  is  included  therefore  still  remains  negligible  at  high 
flux  densities,  and  the  shape  of  the  magnetizing-currcnt 
wave  will  again  reduce  to  (2),  namely 


SMI  0- 


■  iij  sin  3  "  4-  "s  sin  5  0  —  a,  sin  7  "  -t-  etc. 


This  limiting  case  was  approached  by  Mr.  Nicholson 
in  experiments  in  which  the  third  harmonic  current  was 
given  sucli  values  that  the  corresponding  harmonic  flux 
was  completely  removed  from  the  magnetic  circuit.  The 
result  that  he  obtained  by  analysis  of  oscillograms  of  the 
magnetizing-currcnt  wave  is  now  given  for  comparison, 
namelj' 

/  =  Ii.  (sin  9  —  0-63  sin  394-  0-25  sin  5  M  —  o-iosin7  9)  .  (12) 

The  above  equation  was  the  approximately  constant  result 
obtained  for  values  of  B.m  in  the  iron  17,500-20,000  lines 
per  square  centimetre,  neglecting  slight  displacements  of 
the  harmonics  relative  to  the  fundamental  term. 

In  comparing  (11)  and  (12)  it  must  be  remembered  that 
the  flux  curve  in  the  experiments  was  not  quite  a  sine 
wave  owing  to  the  impedance  of  the  circuit  to  the 
fifth,  seventh,  etc.,  harmonics.  The  displacements  of  the 
harmonics  referred  to  above  arc  partly  due  to  this  cause, 
which  will  also  result  in  the  relative  amplitudes  of  the 
harmonics  of  (12)  being  less  than  those  of  (ii).  This  is 
the  case  except  for  the  seventh  harmonic,  the  greater 
magnitude  of  which  in  (12)  may  possibly  be  due  to  tlie 
presence  of  a  seventh  harmonic  in  the  voltage  generated 
by  the  alternator  used  in  tlie  experiment. 

From  the  foregoing  it  will  be  seen  that  making  other 
assumptions  regarding  the  conditions  of  the  electric  circuit 
will  enable  other  curves  of  current  and  flux  to  be  deduced. 
One  case  intermediate  between  those  already  considered  is 
that  obtained  by  Mr.  Nicholson  with  the  star-  and  mesh- 
connected  windings  on  his  three  iron  testers  by  leaving 
the  mesh  winding  on  open  circuit.  For  this  case  no  third, 
or  multiple  of  the  third,  harmonic  current  can  be  induced 
in  the  star-connected  magnetizing  windings  by  the  corre- 
sponding flux  harmonics.  Assuming  all  other  harmonics 
of  current  to  reach  their  maximum  values,  the  flux  wave 
will  contain  only  the  third,  and  multiples  of  the  third 
harmonic.  Neglecting  higher  multiples  than  the  ninth 
harmonic,  the  shape  of  the  flux  wave  will  be  given  by 


<1>  :=  il>M  (sill  9  4-  ''1  sin  3  8  4-  '4  sin  9  9) 


(13) 


Then  by  (4)  the  current  wave  for  a  lialf  period  required  to 
produce  (13)  is  given  b}^ 


i  =  Kj  Bm"  (sin  9  +  d,  sin  3  9  4-  i/^  sin  9  9)" 


(14) 


d,  and  rfj  can  now  be  obtained  from  (14)  using  mathe- 
matically the  condition  stated  above,  that  the  current 
wave  when  analysed  cannot  contain  the  third  or  multiples 
of  the  third  harmonic.  This  gives  (approximately) 
rf,  =  o'20  and  d,^  —o'02.  The  induced  voltage  can 
now  be  obtained  from  (13)  after  inserting  the  values  of 
(/„  (/j,  namely 

Ct  =  —  E.F  (cos  9  -f  3  X  O-2OC0S3  9  —  9  x  o'02  cos  9  9)  I  ,   _, 
=  — E,f(cos9  4-  o-6o  cos  39  —  0-18  cos 9 9)  i^'^' 
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DISTRIBUTION    AND    RISE   OF   TEMPERATURE    IN    FIELD   COILS. 


By  Professor  Magnus  Maclean,  D.Sc,  Member,  D.  J.  MAcKiiLLAK,  B.Sc,  Associate  Member, 

and  R.  S.  Begg,  Graduate. 

{Paper  first  received  i8  August,  aiul  in  Jiiiol  form  20  November,  1914  ;  read  before  llie  Scottish  Local  Sicction  9  Febriinrv,  1915.) 


A  considerable  amount  of  expciimental  work  on  this 
subject  is  already  available  in  the  Journal,  notably  the 
results  given  by  Mr.  E.  Brown,-  Mr.  E.  H.  Rayner.j  and 
Mr.  G.  A.  Lister,J  and  the  discussions  on  these  papers. 


Fig.  I. 


In  ordering  recently  a  continuous-current  motoi-  for  the 
Royal  Technical  College,  Glasgow,  the  makers  were  asked 
to  insert  in  one  of  the  field  coils  five  thermo-couples  as 
shown  in  Fig.  i.  The  object  was  to  determine  the  tem- 
perature rise  at  various  points  in  a  field  coil  of  a  120  kw. 
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Fig.  2. 


variable-speed  continuous-current  motor,  under  various 
conditions  of  load,  at  various  speeds,  and  with  various 
field  currents  ;  and  to  deduce  a  heating  coefficient  for  use 
in  designing  the  field  coils  for  a  machine  of  this  type. 
The  motor  is  connected  tc  an  alternator,  both  machines 
being  of  the  open  type  and  mounted  on  a  bedplate  with 
four  bearings. 

•  fournal  I.E.E.,  vol.  30,  p.  1159,  1901. 
t  Ibid.,  vol.  34,  p.  613,  1905. 
J  Ibid.,  vol.  38,  p.  399,  1908. 


The  motor  is  compound  wound  for  a  pressure  of  5,00  volts 
with  a  speed  variation  from  360  r.p.ni.  to  900  r.p.m.  by 
shunt  regulation  only.  It  is  a  6-polc  machine  with  a  com- 
pensating winding  and  also  a  commutating-pole  winding. 


.ABCDE. 

To  hot 
junction 


(  Nl  Galvanometer 

Common 

cold 
junction 


Fig.  3. 


The  armature  winding  is  copper  strip  in  two  layers  of  four 
conductors  in  each  slot,  each  slot  being  closed  by  a  wooden 
wedge.  The  alternator  gives  an  output  of  125  k.v.a.  at 
cos  0  =  o'8  and  750  r.p.m.,  the  frequency  being  50;  and 
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Fig.  4. 

Speed  750  r.p.m. 

^Ioto^  armature  current  8  amperes 

Field  current  1*2  amperes. 


the  pressure  can  be  varied  from  144  to  500  volts  according 
as  the  coils  are  joined  in  delta  or  star  and  connected  in 
parallel  or  series. 

The   thermo-couples,   consisting   of  copper-constantan, 
were  placed  in  one  of  the  shunt  field-coils,  as  shown  in 
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successioD,  a  brass  plug-board  was  used,  so  that  by  shifting 
the  plug  each  thermo-couple  could  be  connected  to  the 
gulvaiiometer  in  turn  (Fig.  ^).  The  g.ilvaiionictcr  used 
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Table  1  gives  particulan>  of  the  10  sets  of  readings  and 
.  >  the  final  rise  of  temperature  of  the  five  thermo- 
at    the    end    of    the    limes  s|v:ci6ed  111   the  last 
colaiuit. 
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Kici.  7. 

Speed  750  r.p  m. 

Motor  armature  current  50  amperes. 

Field  cuirent  12  anipercs. 


Fig.  8. 

Speed  570  r.p.m. 

Motor  armature  current  50  amperes. 

Field  current  165  amperes. 
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The  readings  of  tlic  temperatures  of  the  thermo- 
junctions  were  taken  every  5,  lo,  or  20  minutes,  depending 
on    tlie    rate    of    rise   of    temperature.       For   eacli    set   of 
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Spetd  3^*0  r.p.m. 

Motor  arniiiture  current  50  amperes. 

Field  current  35  amperes. 
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Speed  745  r.p.m. 

Motor  armature  current  100  amperes. 

Field  current  i'2  amperes. 

readings  five  sheets  of  curves  were  drawn,  one  for  each 
thermo-junction,  showing  on  a  time  base — 

(a)  room  temperature, 

(6)  actual  temperature  of  thermo-junction, 

(c)  rise  of  „  „ 
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Fig.  4  !!>  a  »e(  of  curves  showing  the  actual  tempenttiue 
ol  the  couple  A,  the  ri>e  oi  temperature  at  the  couples 
A,  B,  C,  and  the  room  temperature,  all  plotted  on  a 
lime  bate.  These  curves  are  (or  a  6eld  current  ot 
l°3  amperes  and  an  armature  current  ol  8  amperes. 
The  rise  of  temperature  of  E  is  so  nearly  ttiat  of  A.  and 
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that  of  D  so  nearly  that  of  B,  that  they  are  omitted 
from  the  figures.  This  can  be  seen  from  the  distri- 
bution curves  given  in  Figs.  i8  to  21. 
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Fig.  15. — Temperature  Rise  of  Couple  C. 

Armature  current  50  amperes. 
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Fig.  16. — Temperature  Rise  of  Couple  C. 
Armature  current  100  amperes. 


5  gives  a  similar  set  of  curves 
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In  order  to  compare  these  rises  of  temperature  readily 
for  the  various  speeds,  in  Fij;.  14  curves  are  given  showing 
tlie  rise  of  temperature  at  the  hottest  junction,  namely  the 
couple  C,  for  an  armature  current  of  8  amperes  and 
for  three  different  field  currents,  viz.  i'2,  i'65,  and  3'5 
amperes,  tlie  curves  being  plotted  on  a  time  base. 
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Time     in     hours 
-Temperature  Rise  of  Couple  C. 
Armature  current  150  amperes. 
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_Citrves  with  Doint;s  marked  thus:- A      represent  Actual  temperatures. 
:-o  "         rise  of  temperature 
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B  E  A  B 

Position     of    couples 

Fig.  18.  Fig.  19. 

Armature  current  8  ampsres.  Armature  current  50  amperes. 

Fig.  15  gives  similar  curves  for  an  armature  current  of 

50  amperes. 
Fig.  16  gives  similar  curves  for  an  armature  current  of 

100  amperes. 
Fig.  17  gives  similar  curves  for  an  armature  current  of 

150  amperes. 

Four   figures   are   given   to   show   the   variation  of  the 
temperature  rise  with  the  distance  through  the  thickness 
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the  field  current  is  3-5  amperes. 

The  field  coil  is  cyhndrical,  with  a  superficial  area  of 
1.746  Mjuare  ceiitinietre>,  excluding  the  area  o(  the  pole 
shoe,  which  is  1.450  Mjuare  cciitunrlres.  It  i^  interesting 
to  note  tliat  the  ratio  of  the  final  rise  of  temperalure  to  the 
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Fig.   18  gives  the  distribution  for  three  different  field 

currents  at  the  end  of  six  hours  when  the  armature 

current  is  8  amperes. 
Fig.  19  gives  a  similar  set  of  curves  at  the  end  of  four 

hours   when    the    current    in   the   armature   is  50 

amperes. 
Fig.  JO  gives  a  similar  set  of  curves  at  the  end  of  three 

hours   when   the   current   in   the   armature   is    100 

amperes. 
•■'g-  ->  t!'vcs  a  similar  set  of  curves  at  the  end  of  three 

hours   when   the   current    in   the   armature   is    150 

amperes. 


number  of  watl>  i«  greater  for  the  higher  speeds,  as 
shown  in  Table  s.  It  should  be  noted  that  a  speed 
of  750  r.p.lU.  curresponds  to  a  peripheral  spteed  of  the 
armature  o(  23*50  metres  per  second.  On  the  other  hand, 
the  ratio  of  the   rise   of   temperature    I  'nber  ol 

watt>  for   generators  is  less  for  lncrea^:    . 

!'  ve  the  follow  uig  cxf^ession  for 

I!..  — 

-  .              .            watts           « 
n$c  of  temperature  IS  x • 

where  a  and  b  are  constants. 

*   See  IIaWKIKS  and  WiLLIN  ~  1  lie  drfUUI»s     p    701 
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If  this  equation  is  applied  to  the  results  in  the  above 
table  at  a  load  of  8  amperes  in  the  armature  and  is  solved 
for  the  three  speeds,  the  three  simultaneous  equations  give 
three  results,  the  mean  of  which  gives  a  =  198'6  and 
h^  —  o-o26T,.  Substituting  these  values  of  a  and  b,  the 
results  set  out  in  'Pable  3  herewith  are  obtained. 

The  ligures  given  in  Table  3  have  also  been  plotted  in 
Fig.  22. 

The  results  obtained  bj-  dealing  similarly  with  the  rises 
of  temperature  in  four  hours  and  with  a  current  of  50 
amperes  in  the  armature  arc  512,414,  and  325  respectively, 


and  arc  given  in  Fig.  23,  the  mean  values  of  n  and  h  being 
232'8  and  —  0-023  respectively. 

Table  3. 


Peripheral  Speed  of  Arm-lturc 
in  Metres  pcrSecond 

ig86 

I  -  0-0263  «' 

23-56 

524 

17-9 

376 

12-25 

293 

Discussion. 


Professor 
R^ilv. 


Mr. 

NichoIaoD. 


Professor 
Cormack. 


Mr. 
McWhirttr. 


Professor  F.  G.  B.mly  :  This  paper  is  particularly  inter- 
esting to  me,  because  curiously  enough  I  have  in  my  own 
laboratory  a  similar  arrangement  on  a  smaller  scale.  I  have 
five  coils  and  five  thermo-junctions  with  a  10  h.p.  motor 
instead  of  one  rated  at  120  kilowatts,  but  I  have  not  carried 
out  so  many  tests  as  the  author  has.  I  do  not  understand 
the  result  which  the  author  states  he  has  obtained  on  his 
machine,  namely,  that  the  more  he  cools  it  the  hotter  it 
gets.  I  do  not  wish  to  criticize  his  experiments,  but  I  was 
surprised  to  notice  that  h  has  a  negative  sign  throughout. 
I  shall  look  forward  with  great  interest  to  the  further  paper 
that  the  author  has  promised  ;  and  meantime  I  shall  carry 
out  further  tests  on  several  machines  and  compare  notes 
with  the  author  in  due  course.  In  connection  with  vari- 
able-speed motors,  the  point  to  which  the  author  draws 
attention  is  very  important. 

Mr.  J.  S.  Nicholson  :  Like  the  previous  speaker  I  was 
impressed  by  the  results  shown  in  Table  2  and  plotted  in 
Figs.  22  and  23,  and  I  felt  that  they  required  further 
explanation.  On  page  402  of  Lister's  paper  *  in  volume  38 
of  the  Journal  there  will  be  found  the  statement  that  "  If 
all  these  conditions  remain  constant  it  will  still  be  found 
that  the  coefficient  varies  with  the  final  temperature 
attained  by  the  coil."  Lister  found  that  the  heating 
coefficient  C  (represented  hy  k  =  i  A/W  in  Figs.  22  and  23 
of  Professor  Maclean's  paper)  diminished  as  the  tempera- 
ture increased  ;  tliat  is,  the  watts  dissipated  per  unit  of  coil 
surface  increased  at  a  greater  rate  than  the  mean  final  tem- 
perature of  the  coil.  Professor  Maclean's  figures  in  the  last 
column  of  Table  2  agree  with  what  Lister  found.  So  far  as 
I  can  see,  the  armature  speed  has  an  inappreciable  influence 
on  the  heating  coefficient,  or  rise  in  temperature -H  watts  ; 
or  else  its  influence  is  masked  by  some  other  variable.  The 
compensating  windings  in  the  pole-shoes  will  to  some 
extent  prevent  ventilation  of  the  field  coils  by  the  arma- 
ture, and  the  difference  in  the  speed  will  make  little  differ- 
ence in  the  cooling.  E.xperiments  on  heating  are  usually 
very-  difficult  to  carry  out  successfully  ;  there  are  so  many 
variables  that  one  must  be  very  careful  in  drawing  con- 
clusions from  the  results  of  a  limited  number  of  experi- 
ments. 

Professor  J.  D.  Corm.\ck  :  I  should  like  to  know  whether 
the  authors  noted  the  barometric  pressure,  and  whether 
its  variation  had  any  appreciable  effect. 

Mr.  \V.  McWhirter  :  I  should  like  to  ask  the  author 
whether  there  was  any  reason   for   keeping  the  thermo- 

•  G.  A.  Lister.  The  heating  coefficient  of  magnet  coils.  Journal 
I.E  E.,  vol.  38,  p.  399,  1907. 


couples  outside  instead   of  inside.     Is  it  not  possible  that  Mr 

.  .  McVVh 

the  rise  in  temperature   when  the  machme  was  running  at 
the  higher  speed  was  due  to  hysteresis  ? 

Mr.  H.  Symons  :  The  number  of  variables  that  one  has  Mr.  Sy 
to  contend  with  in  an  investigation  of  this  nature  necessi- 
tates the  exercise  of  considerable  patience,  and  I  think  the 
authors  are  to  be  congratulated  upon  taking  up  this  ques- 
tion of  the  temperature  rise  in  field  coils,  the  somewhat 
tedious  nature  of  which  will  be  appreciated  by  those  who 
have  carried  out  work  of  a  like  nature.  It  is  an  important 
subject,  on  which  a  good  deal  remains  to  be  done,  and  one 
which  is  of  particular  interest  to  me.  If  the  authors  have 
the  opportunity,  I  would  suggest  that  they  should  make 
a  series  of  tests  on  the  same  coils  and  obtain  the  ratio 
between  the  temperature  rise  at  the  hottest  part  and  the 
mean  temperature  rise  as  measured  by  the  variation  in 
resistance.  Very  few  tests  are  available  in  connection 
with  this  important  ratio.  The  value  of  the  investigations 
would  also  be  very  considerably  increased  by  a  series  of 
tests  showing  the  results  obtained  with  a  number  of  coils 
wound  and  insulated  in  different  ways.  The  manner  in 
which  coils  are  wound  and  insulated  affects  very  materially 
the  temperature  rise  and  temperature  distribution,  and, 
consequently,  the  ratio  between  the  hottest-point  tempera- 
ture and  the  mean  temperature  rise  as  measured  by  the 
variation  in  resistance.  The  variables  that  have  to  be 
borne  in  mind  for  an  investigation  such  as  the  authors 
have  commenced  depend  to  a  considerable  extent  on  the 
type  of  machine,  since  the  fanning  action  of  the  armature 
is  an  all-important  factor  in  the  ultimate  temperature  rise, 
but  the  reason  for  the  result  obtained  by  the  authors,  viz. 
an  increase  in  the  ratio  of  the  final  temperature  rise  to  the 
number  of  watts  with  increasing  speed,  is  not  altogether 
apparent.  The  manner  in  which  the  fanning  air  strikes 
the  surface  of  the  coils  and  the  nature  of  this  surface  are 
two  important  factors  in  determining  the  temperature  rise, 
and  I  suggest  that,  with  the  machine  on  which  the  authors 
have  carried  out  their  experiments,  the  increased  fanning 
action  of  the  armature  due  to  increased  speed  is  not  for 
some  reason  utilized  to  the  same  extent  for  the  cooling  of 
the  coils  as  is  usual  in  the  ordinary  types  of  machines. 
There  may  be  many  reasons  for  this,  and  in  this  connection 
it  is  to  be  noted  that  the  machine  tested  by  the  authors 
has  commutating  poles  ;  if  feasible,  a  series  of  tests  with 
the  commutating  poles  removed  would  be  of  interest  and 
value.  In  conclusion,  I  hope  that  the  authors  will  not  only 
continue  their  work,  but  also  extend  it  to  other  types  of 
machines. 
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ELECTRIC   STEEL-MAKING    FURNACES. 

by    T.    U.     KOHKKTSON. 
{PaftT  tcaiwil  x>  OiUber,  1914,  •ini/  x-.ii/  br/lirr  the  Manchkster  Local  Section  ]b  .7<iNu.irv,  1915) 


The  iiieltinK  and  retining  of  steel  on  a  coniincrcial  scale 
by  nieaiis  of  the  heat  produced  by  an  electric  current  has 
only  bc<rn  possible  for  a  little  over  10  years.  In  this  short 
time,  however,  considcrablL-  progress  has  been  made,  and 
a  new  branch  of  the  iron  and  steel  industry  has  been 
successfully  developed  and  established. 

The  small  electric  furnaces  for  lalwralory  use  designed 
by  Siemens  over  30  years  ago  attained  considerable 
perfection,  but  what  prevented  their  development  into 
sites  applicable  to  the  steel  and  other  industries  was  that 
electrical  energj-  w-as  far  too  expensive  to  produce.  In 
later  years  the  generation  of  electrical  power  by  means 
of  rotary  machinery  at  a  low  cost  brought  thermo-electric 
pr.j;e»ses  into  the  commercial  tield. 

In  places  where  water  power  can  be  developed,  elec- 
trical energy  can  be  proiluccd  wonderfully  cheaply,  but 
in  this  country  wc  have  to  rely  almost  entirely  on  obtain- 
ing electrical  power  from  steam,  gas,  or  oil. 

The  first  electric  furnaces  to  work  on  a  commercial 
>cale  were  all  constructed  about  I'v),  and  all  took  their 
|H)wer  from  water-driven  plants.  These  were  the  Stassano 
lurnaces  in  Italy,  the  Hcroult  in  S;ivoy,  and  the  Kjellin  in 
Sweden,  and  it  is  interesting  to  note  that  trom  these  three 
types  have  developed  the  three  main  classes  of  electric 
steel  furnaces  now  in  use. 

Of  course  in  all  electric  furnaces  the  necessary  heat  is 
lurnislied  by  resistance  to  the  electric  current,  and  the 
type  of  furnace  depends  upon  the  form  which  this  resist- 
.ince  takes.  Owing  to  the  very  small  electrical  resistance 
t'l  a  large  mass  of  iron,  it  is  impracticable  to  melt  iron 
or  steel  in  bulk  merely  by  passing  an  electric  curienl 
through  It,  as  the  very  low  voltage  and  very  large  current 
which  would  be  required  would  be  far  too  costly  to 
generate  and  transmit,  and,  further,  the  small  cross- 
section  which  the  metal  bath  would  have  would  involve 
such  high  radiation  losses  that  the  efficiency  of  the  furnace 
would  be  much  too  low. 


Continuous  current  is  not  used  for  steel  furnaces,  as  the 
cost  of  special  generators  to  give  furnace  voltages  it  high. 
and,  moreover,  electiolylic  actions  would  be  set  up  in  the 
slag. 

Alternating   current    has   many  .icf 

beiiiji  the  case  with  which  its  presM.  .cd. 

For  soinc  lurnaces  owing  to  considerations  01  power 
factor  the  frequency  has  to  be  specully  low,  but  this  is  a 
drawback  and  most  furnaces  now  work  on  the  usual 
freqaencies.  Furnaces  using  single-phase  current  arc 
gradually  being  superseded  by  those  using  j-phasc  or 
3-pha>c  current,  as  these  latter  can  take  their  power 
through  static  transformers  from  the  usual  3-phase  suppiv 
instead  i-f  through  a  mure  coslU'  and  less  efficient  motoi- 
geiieiator  set.  Looker  frequencies  mean  rather  more 
expensive  transformers,  but  tlie  inductive  losses  in  the 
low-tension  leads  are  not  so  high. 

Kroadly  speaking  there  arc  two  main  classes  of  electric 
steel  furnaces — induction  furnaces  and  arc  furnaces. 

In  the  simple  and  earlier  types  of  induction  furnace  the 
meiul  bath  1%  in  the  sha|>e  of  a  ring  which  is  really  the 
short-circuited  secondary  winding  of  a  transformer  con- 
LiiiR-il  in  the  body  of  the  furnace  itself.  An  example  of 
tills  class  i,  the  Kjellin  furnace.  Singlc-phosc  cunent  is 
supplied  to  the  transformer  and  an  induced  secondary 
cunent  is  develo|>ed  in  Ihc  iron  ring  forming  the  metal 
bath,  of  such  intensity  that  the  resistance  offered  by  the 
length  and  small  cross-section  of  the  metal  is  so  great  as 
to  generate  sutiicient  heat  to  melt  and  maintain  the  meUl 
in  a  riuid  condition.  A  section  of  the  Kjellin  furnace  is 
sliowii  III  hig.  I. 

A  IS  the  iron  coie  <>f  the  tfonsformcr.  The  priiiiarv 
coil,  marked  H,  is  supplied  with  singlc-pliasc  current  al  a 
convenient  pressure.  Tlie  metal  bath,  C.  is  conc-cntric 
with  the  primal  y  coil  and  lo<  ins  a  short-circuited  secondary 
winding  ol  one  turn.  I'liis  ring  is  of  course  surrounded 
by  suitable  rciractory  mater  al,  and  the  channel  in  which 
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it  rests  has  movable  covers  for  the  working;  and  inspection 
of  the  charge.  The  furnace  shown  in  the  diagram  is  fixed, 
the  metal  being  tapped  off  through  a  convenient  tap-hole. 
Later  types  of  the  Kjellin  furnace,  however,  are  made  to 
tilt  upon  rockers  and  so  discharge  into  the  receiving  ladle. 
The  current  in  the  secondary  circuit  is  very  large,  being 
in  the  case  of  a  furnace  of  i-ton  capacity  about  30,000 
amperes  at  a  pressure  of  7  volts. 

The  disadvantage  of  this  type  of  furnace  lies  in  the  fact 
that  some  of  the  molten  metal  must  be  k-ft  in  the  furnace 
at  the  conclusion  of  every  "  heat "  in  order  that  a  complete 
circuit   may   be   maintained   to   start   the   furnace   again. 


Fig.  I. — Kjellin  Furnace. 

Cold  materials  to  form  the  charge  are  added  to  this 
residual  metal  and  a  covering  of  slag  is  made  to  protect 
the  charge  from  atmospheric  oxidization.  Owing  to  the 
difficulty  of  keeping  a  suitable  refining  slag  in  a  fluid 
condition,  and  also  of  removing  it  after  it  has  taken  up 
impurities  from  the  steel,  it  is  found  in  practice  that  very 
little  -efining  can  be  done  in  the  simple  induction  furnace. 
This  means  that  in  order  to  manufacture  first-qualit)'  steels 
raw  materials  have  to  be  used  which  contain  very  small 
percentages  of  the  injurious  elements  sulphur  and  phos- 
phorus— in  other  words,  the  simple  induction  furnace 
approximates  to  an  electrical  melting  apparatus  which  is 
not,  in  general,  suitable  for  refining  common  and  impure 
materials  for  the  production  of  a  high-grade  steel. 

It  is  essential  for  easy  refining  to  have  a  hearth  large 
enough  to  allow  refining  slags  to  be  introduced  and  with- 
drawn ;  these  considerations  led  to  the  introduction  of  the 
Rochling-Roder.hauser  furnace,  the  principle  of  which  is 
illustrated  in  Fig.  2.     It  will  be  seen  that  both  legs  of  ihe 


transformer  core  arc  provided  with  primary  windings 
surrounded  by  induction  channels  whicli  are  joined  in  the 
centre  to  form  a  working  hearth  of  ample  dimensions. 
This  middle  part  which  is  of  considerably  greater  cross- 
section  necessitates  auxiliary  heating,  and  this  is  accom- 
plished by  means  of  a  secondary  winding  connected  to 
pole  plates  which  are  embedded  in  the  sides  of  the  hearth. 


Fig.  2. — Rochling-Rodenhauser  Furnace. 

The  Rochling-Rodenhauser  furnace  as  now  constructed 
is  tilted  electrically,  and  the  electrical  connections  are  so 
arranged  that  the  heating  may  be  continued  when  the 
furnace  is  in  a  tilted  position,  thus  facilitating  the  removal 
of  the  slag.  The  secondary  winding  is  placed  next  to,  and 
is  separated  from,  the  primary  winding  by  an  air  space 


Fig.  3. — Stassano  Furnace. 

which  serves  as  a  cooling  chamber.  This  secondary 
winding  is  composed  of  heavy  copper  strips  and  carries 
very  large  currents  at  low  voltages.  From  these  strips, 
copper  connections  lead  to  pole  plates  of  mild  steel 
embedded  in  the  sides  of  the  hearth  wall  and  separated 
from  the  molten  metal  by  this  part  of  the  basic  lining. 
The  transformer  windings  are  air-cool6d,  as  otherwise  they 
would  become  too  hot,  partly  from  their  own  action  and 
partly  from  the  heat  radiated  to  them  from  the  surrounding 
furnace  casing. 
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be  aubdividcd  into  two  cUsmts  u(  arc  radiation  furnaces 
and  arc  conduction  furnaces,  tlic  ditfcrencc  between 
them  bein);  that  in  the  former  the  arc  is  struck  iKtwecn 
the  em1>  of  t'  '<le>    themselves   and    the    heat    mi 

produceit  is  i  to  the  cliar)>e  iindenieatli,  whilst 

in  the  Utter  '.  struck  between  the  ends   of    one 

or    more    cli.^  id    the    chart<e    itself,  the   current 

either  fu&sin}>  along  the  surface  of  the  charge  to  the 
other  electrodes,  or  else  passing  through  the  body  of 
the  chortje  itself  to  an  electrode  in  the  bottom  of  the 
furnace. 

The  main  furnace  of  the  former  class  is  the  Stassano' 
This  was  first  developed  in  Italy  and  was  at 
V  u>ed  in  the  expcriniL-ntal  reduction  of  iron  ores. 
Lalei,  however,  it  came  to  be  employed  entirely  for 
steel  melting,  and  in  small  sites  is  in  use  at  the  present 
day.  Its  general  arrangement  is  shown  in  Fig.  3.  There 
are  three  electrodes  inchned  slightly  to  the  horizontal 
forming  angles  of  120°  with  one  other.  Three- 
phase  current  is  employed  usually  at  a  pressure  of  about 
no  volts.  The  furnace  is  charged  almost  up  to  the 
level  tif  the  electrodes  with  cold  scrap  iron,  and  these 
are  then  adjusted  to  give  a  suitable  length  of  arc.  When 
the  furnace  is  cold  the  arc  is  only  about  4  in.  in 
length,  but  it  increases  as  the  temperature  rises  to  about 
13  in.  long.  It  is  evident  that  a  considerable  portion 
of  the  heat  generated  is  radiated  to  the  roof  or  dome  of 
the  furnace,  and  were  this  made  low  as  in  other  arc 
furnaces  it  would  soon  be  melted  away.  It  is  therefore 
made  high  in  order  to  avoid  this  difhcullv.  but  at  the 
same  time  a  greater  surface  is  exposed  to  radiation  losses. 
Stassano  furnaces  arc  usually  made  to  rotate,  as  of  course 
there  is  no  electromagnetic  mixing  of  the  charge. 
Furnaces  of  the  earUest  design  rotated  completely  round 
an  axle  slightly  inclined  to  the  vertical.  This  involved 
several  difficulties  ;  among  them  that  of  making  a  good 
electrical  contact  for  the  large  current  between  moving 
surfaces.  In  the  later  designs,  the  arrangement  shown  in 
Fig.  3  has  been  adopted,  the  complete  rotating  movement 
belli;.;  jllered  to  an  oscillating  movement  which  allows 
the  electrical  contacts  to  be  rigid.  The  Stassano  furnace 
has  the  advantage  of  a  very  steady  load  when  compared 
with  other  arc  furnaces,  especially  when  used  for  melting 
cold  materials.  It  is  also  easy  of  regulation,  but  has  not  a 
liigh  heat-efficiency  owing  to  the  large  radiation  losses. 
There  is  also  the  drawback  of  a  tap-hole  which  is  u^cd  in 
tills  type  of  furii.ice,  as  compared  with  the  advantage  of 
dinpli-te  lilting  ol  practically  all  (he  other  tyf>es.  When 
'!»   '  used,  the  coolest  portion   of  the  metal  from 

llie  ■  :  ihc  bath  enters  the  ladle  lirst.and  the  danj-cr 
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Fig.  4.— Ht-rouli  Furnace. 


Coming  now  to  the  second  and  more  important  class  of 
arc  furnace,  in  which  the  current  in  addition  to  passing 
through  the  arcs  passes  through  the  charge  itself,  it  would 
be  as  well  to  commence  with  the  earliest  of  these  furnaces, 
namely,  the  Hcroult  furiuce.  This  was  originally  made 
to  take  single-pha.>e  current.  The  general  arrangement  of 
one  of  these  furnaces  is  shown  in  F'ig.  4.  The  current 
enters  by  one  of  two  uppier  electrodes,  posses  lirst  through 
the  arc  gap,  then  along  the  surface  of  t 
by  means  ol  the  other  electrode  to  thi  . 
the  important  druwlxick  of  requiring  siiifjic-pluiNc  current, 
which  means  that  the  existing  power  supplies  luve.  in 
most  cases,  to  be  transformed  by  means  of  a  costly  and 
rather  inefficient  motor-generator  set  to  cither  single-phas« 
low-tension  current  at  the  furnace  voltage  or  else  single- 
phase  current  which  has  afterwards  to  be  transformed  dou  n 
10  ihc  furnace  voltage  bv  means  of  a  static  transformer  I'he 
tank  of  the  fu: 
.ire  provided  ui. 

furnace  tilts.     This  tilung  may  Ixr  enccteit  ^ 
in  the  small  sizes,  or  by  an  hvdraulic  ram  ur  .. 
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driven  tilting  gear.  The  electrodes  are  carried  in  special 
holders  wliich  arc  usually  water-cooled  and  attaclicd  to 
large  brackets  travelling  up  and  down  between  vertical 
guides  at  the  hack  of  the  furnace.  These  are  driven  bv 
means  of  rack  and  pinion  gearing,  wliich  is  usually  motor- 
operated,  the  motors  being  controlled  by  Thurj'  regulators 
designed  to  work  at  constant  voltage  for  this  type  of 
furnace.  The  furnace  hearth  is  made  of  layers  of  either 
magnesite  or  dolomite  mixed  with  tar  and  Ihorouglily 
rammed  together  so  as  to  form  a  solid  bottom  similar  to 
that  of  the  basic  open-hearth  furnace.  The  side  walls  are 
usually  of  magnesite  brick,  whilst  the  roof,  which  is  detach- 
able, is  composed  of  silica  bricks  held  in  a  steel  frame 
provided  with  two  holes  to  allow  for  the  insertion  of  the 
electrodes.  There  is  usually  a  water-cooled  ring  resting 
on  or  embedded  in  the  roof  round  the  electrode  holes. 


Fig.  5. — Girod  Furnace. 

Latterly,  a  3-phase  Heroult  furnace  has  been  introduced 
suitable  for  construction  in  the  larger  sizes.  Its  general 
design  is  similar  to  that  mentioned  above  except  that 
there  are,  of  course,  three  electrodes  instead  of  two.  Each 
electrode  carries  a  separate  phase,  and  the  arrangement 
has  the  advantage  that  the  usual  3-phase  supplies  can  be 
transformed  by  means  of  three  single-phase  transformers 
down  to  the  furnace  voltage.  The  Heroult  furnace  has 
the  disadvantage  of  surface  heating.  In  other  words,  the 
upper  layers  of  the  charge  are  always  much  hotter  than 
the  lower,  and  this  is  undesirable  when  making  high- 
quality  steels  requiring  considerable  quantities  of  ferro- 
alloys, as  these  sink  to  the  lower  portions  of  the  furnace, 
where  they  melt  only  with  difficulty.  Otherwise  the 
Heroult  furnace  is  very  efficient  when  melting  cold 
charges,  but  the  single-phase  type  is  open  to  the  objection 
that  the  fluctuations  in  the  power  taken  are  very  serious, 
as  it  is  obvious  that  if  the  arc  underneath  one  of  the 
electrodes  is   broken,  for   example,  by  the   falling  away 


of  melting  pieces  of  the  charge,  the  whole  load  is  instantly 
thrown  olf  tlic  supply  system. 

Tlie  Girod  furnace  is  typical  of  tlie  second  class  of  arc 
conduction  fiu'naces.  Its  principle  is  shown  in  Fig.  5. 
There  are  one  or  more  vertical  electrodes  according  to 
the  size  of  the  furnace  and  of  like  polarity.  Embedded 
in  the  bottom  and  forming  an  integral  part  of  the  furnace 
are  water-cooled  steel  studs,  whicli  project  slightly  above 
the  bottom  of  the  hearth  and  make  contact  with  the 
cliarge  itself,  and  so  convey  the  current  back  to  the 
generator.  Apart  from  the  difference  in  the  bottom  of 
the  furnace,  the  general  mechanical  arrangements  are 
similar  to  those  of  tlie  Heroult  type.  The  bottom  elec- 
trodes are  very  interesting,  and  have  been  at  different 
times  severely  criticized.  On  the  whole,  however,  by  suit- 
ably regulating  tlie  supply  of  cooling  water  they  may  be 
kept  from  melting  away,  or  on  the  other  hand  from 
seriously  cooling  the  bottom  of  the  furnace.  Published 
figures  show  that  when  melting  cold  materials  the  furnace 
bottom  will  last  for  120  to  160  operations,  which  is  a 
f.iirly  satisfactory  result.  With  these  metal  studs  at  the 
bottom  of  the  furnace,  fettling  is  very  diflicult,  as  care 
must  be  taken  not  to  insulate  them  from  the  charge. 
The  result  of  not  being  able  to  fettle  the  bottom  is  that 
the  size  of  the  hearth  gradually  increases,  and  of  course 
radiation  losses  become  greater  owing  to  the  thinner  walls 
and  bottom.  Single-phase  current  is  always  used,  and 
here  again  the  drawback  of  using  the  motor-generator  set 
compared  with  static  transformers  is  again  in  evidence. 
In  this  furnace,  apart  from  inductive  and  resistance  losses 
in  the  leads  and  the  resistance  losses  in  the  carbon  elec- 
irodes,  practically  the  whole  of  the  power  is  consumed  in 
ihe  arc  itself,  as  the  resistance  of  a  mass  of  fluid  metal 
several  square  feet  in  area  and  probably  a  foot  or  so  in 
depth  is  practically  negligible. 

It  is  understood  that  although  this  arrangement  of 
steel  studs  in  the  furnace  bottom  is  essential  to  the  Girod 
system,  yet  it  has  its  disadvantages,  and  in  order  to  over- 
come these  and  at  the  same  time  obtain  a  furnace  which 
will  work  from  the  usual  supply  mains  through  static 
transformers,  the  Electro-Metals  furnace  was  designed  a 
few  years  ago.  The  original  inventors  were  the  thi  ec 
Swedish  engineers,  Messrs.  Gronwall,  Lindblad,  and 
Slalhane,  who  have  designed  and  developed  the  Elektro- 
nietall  shaft  furnaces  for  the  reduction  of  iron  ores  which 
have  proved  such  a  great  success  in  Sweden.  The 
development  of  their  steel  furnace  has  taken  place  mainly 
in  this  country  where,  after  considerable  time  spent  in 
experimenting,  the  furnace  has  now  been  thoroughly 
established  for  commercial  working.  Fig.  6  shows  the 
main  principles  of  the  furnace.  Two-phase  low-pressure 
current  is  employed  and  this  is  obtained  from  a  3-phase 
system  through  two  single-phase  transformers  using  the 
well-known  Scott  connection.  Tliere  are  two  upper 
electrodes  each  carrying  a  separate  phase,  whilst  in  the 
bottom  of  the  furnace  beneath  the  basic  lining  is  a  third 
electrode  which  acts  as  a  neutral  return  common  to  both 
phases.  Thus  the  current  flows,  on  each  phase,  starting 
from  the  transformer,  along  the  copper  leads  to  one  of 
the  upper  electrodes,  through  this,  across  the  arc  gap, 
through  the  inetallic  charge,  and  thence  through  the  basic 
lining  to  the  bottom  electrode,  which  consists  of  a 
layer    of    special   carbon    mixture    covering   the   bottom 
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conlenti.  and  to  distribute  the  heat  from  the  hot  region 
immediately  below  the  arcs  evenly  throughout  the  whole 
mass. 

The  general  construction  of  the  Electro-Metals  furnace 
iloc>  not  differ  greatly  from  that  of  the  other  arc 
futnaccs.  The  lank  is  made  of  sleel-plate  work  suitably 
deMgned  to  a\  len  hot.     The  electrodes  are 

held    in   steel  id   on    horizontal    arms,   and 

fastened  to  a  carriage  which  runs  over  and  between 
two  vertical  channels.  The  carriage  is  driven  by  a 
vertical  screw  in  the  centre  of  these  channels,  and  the 
screw  in  turn  is  actuated  by  a  worm  wheel  and  worm 
coupled  to  a  small  electric  motor.  .\t  the  back  of  the 
lurnace  Uu-re  is  a  large  dt>or  for  the  chargmj;  and 
Ueiier.ll  wuiking  of  the  furnace,  and  in  the  bottom  of 
IS  a  small  spout  over  which  the  slag  is  poured 
■oving  It  from  the  furnace.  At  the  Iroiil  of  the 
furnace  there  is  another  spoui  through  which  the  whole 
of  the  cliarge  is  poured  into  the  ladle.  The  tilting  gear 
IN  placed  below  and  behind  the  furnace,  and  it  is  driven 
tiy  a  motor.     Tlie   latter  bv  means   of  suitable  reduction 
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a  short  time.  The  lining  of  the  furnace  is  similar  lo  that 
of  most  other  furnaces  except  that  over  the  bottom  plate 
there  is  a  layer  about  t|  in.  thick  o(  carbon  mixture, 
which  when  the  furnace  becomes  hoi  is  baked  into  a 
ilar  in  composition  and  structure  lo  the 
V,.  selves. 

llie  eici-' 

Fig.  7-     i' 

to  be  jt-phase,  is  taken  to  an  isolating  swiu  ihe 

higli- pressure  cubicle,   and   from   tliis   it   is   .   into 

two  ciictnts,  each  of  which  passes  to  a  suitable  oil  switch, 

arranged  with  auxiliary  contacts  fr       ' 

to  neulialue  the  effect  of  any  swl 

in.     It   Is  found   in   practice  that  a  1.. 

sav   Jv^  v>lts    gives    ihe   tv!    rt-siihs    <' 


gives  >  wear  and  tear  on  Ihe  furnace  root  and 

Sides,  s  ,^^.-..>  during  Ihe  latter  '••■. •    '' ■     im,..-« 

In  order  lo  have  these  t«o  piessiin. 
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nected  to  tappings  on  the  high-pressure  side  of  the 
transformers,  one  tapping  to  give  a  high  pressure  of  say 
So  volts  and  the  otlicr  to  give  about  50  volts.  These 
two  switches  are  interlocked  so  that  only  one  of  them 
can  he  put  in  at  one  time  and  the  change  from  the  high 
to  the  low  pressure  is  made  simply  by  tripping  one  switch 
and  then  moving  along  the  interlocking  bar  and  putting 
in  the  other  switch. 

The  instruments  installed  are  placed  on  the  low-pressure 
side  and  consist  of  an  ammeter  on  each  phase  and  one 
on  the  neutral,  which  are  operated  by  series  transformers 
placed  round  the  low-pressure  busbars.  A  voltmeter  is 
installed  which  gives  by  means  of  a  3-way  switch  the 
pressure  between  either  of  the  two  phases  and  earth  or 
the  pressure  across  the  two  phasei^. 

As  is  the  case  in  all  arc  furnaces,  the  current  flowing  in 
the  furnace  is  controlled  by  raising  and  lowering  the 
electrodes,  thus  increasing  and  decreasing  the  size  of  the 
arc  gap  and  so  making  the  resistance  greater  or  less 
according  as  the  current  is  smaller  or  larger.  In  small 
furnaces  this  adjustment  of  the  electrodes  is  made  by 
hand,  but  in  the  larger  ones  where  the  moving  portion 
of  the  electrode  and  holders,  etc.,  weighs  several  hundred 
pounds  a  motor  has  to  be  used.  These  motors  work  in 
conjunction  with  some  form  of  automatic  regulator,  pre- 
ferably of  the  Thury  type.  The  latter  are  connected  to 
series  transformers  on  the  phase  leads,  and  by  means  of 
rheostats  in  the  secondary  circuits  are  set  to  regulate  the 
current  on  each  phase  at  a  definite  figure.  When  the 
current  falls  below  this  figure  the  arm  of  the  regulator 
swings  over  and  makes  contact  with  the  leads  to  the 
motor,  so  giving  a  series  of  impulses  to  the  vertical  screw, 
thereby  lowering  the  electrode  until  the  current  increases 
to  the  proper  value.  Conversely,  when  the  current  become 
too  great  the  regulator  reverses  the  rotor  and  raises  the 
electrode,  thus  diminishing  the  current  flowing.  In  addi- 
tion to  the  control  of  the  electrode  motors  by  means  of  the 
automatic  regulators,  a  direct  control  is  effected  by  tram- 
wav-type  controllers,  which  in  conjunction  with  speed 
regulators  enable  the  electrodes  to  be  quickly  hoisted 
out  of,  or  lowered  down  into,  the  furnace. 

A  description  of  the  working  of  a  typical  charge  may 
not  be  out  of  place  as  some  of  the  difficulties  which 
designers  have  to  meet  in  electric  furnace  work  are  only 
brought  out  clearly  by  a  consideration  of  the  actual  work 
that  has  to  be  done  in  the  furnace  itself.  Assuming  then 
that  the  previous  charge  has  been  "  teemed "  and  the 
furnace  fettled,  the  cold  scrap  is  thrown  into  the 
furnace  hearth.  This  scrap,  which  is  preferably  of  steel 
or  wrought  iron,  is  usually  of  very  common  quality  and 
contains  anything  up  to  o"i  per  cent  of  both  sulphur  and 
phosphorus.  When  the  furnace  is  charged  the  current 
is  switched  on  and  the  electrodes  lowered  down  until  an 
arc  is  struck  between  them  and  the  upper  portion  of  the 
charge.  The  automatic  regulators  are  then  switched  on 
and  the  rheostat  is  set  to  give  the  required  current.  In 
the  case  of  a  4-ton  furnace,  which  the  author  proposes  to 
take  as  typical,  the  melting  current  is  about  5,500  amperes, 
the  pressure  at  this  load  being  about  75  volts  on  each  phase. 
The  heat  of  the  arc  soon  melts  a  large  hole  in  the  charge 
underneath  and  round  each  electrode,  which  continues  to 
travel  down  as  these  holes  become  deeper  until  a  bath  of 
fluid  metal  is  formed  in  the  bottom  of  the  furnace.     This 


bath  gradually  increases  in  depth  owing  to  other  portions 
of  the  cliarge  melting  into  it  and  the  electrodes  gradually 
rise  with  the  level  of  the  metal.  By  the  time  they  have 
risen  to  the  usual  working  level  of  the  bath  any  unmclted 
portions  of  the  charge  are  detached  from  the  sides  and 
pushed  within  the  hot  metal  in  the  centre.  During  the 
melting  the  slag  is  added  consisting  of  a  mixture  of  lime, 
fluorspar,  sand,  and  either  iron  ore  or  hammer  scale.  This 
slag,  owing  to  its  lower  density,  floats  on  the  top  of  the 
molten  metal  and  the  chemical  actions  of  refining  take 
place.  The  carbon  in  the  ^crap  is  oxidized  by  the  iron 
oxide  in  the  slag  and  is  given  off  in  the  form  of  carbon- 
monoxide,  which  rising  through  the  metal,  gives  the  ap- 
pearance of  boiling.  This  boiling  serves  to  bring  the  slag 
and  metal  into  more  intimate  contact.  The  silicon  and 
manganese  in  the  scrap  are  oxidized,  and  their  respective 
oxides  dissolve  in  the  slag.  The  phosphorus  is  oxidized 
and,  in  the  presence  of  the  lime  in  the  oxidizing  slag, 
is  formed  into  a  phosphate  of  lime,  which  enters  into  the 
slag.  A  portion  of  the  sulphur  is  also  oxidized  and  passes 
away  as  a  gas.  WHien  sufficient  time  for  these  reactions 
to  take  place  has  elapsed,  the  current  is  switched  off  and 
the  furnace  tilted  backwards  until  most  of  the  slag  has  run 
off  through  the  small  spout  at  the  back  of  the  furnace  into 
a  slag  bogie.  The  remaining  portions  of  the  slag  are  pulled 
off  by  means  of  rabbles  until  the  surface  of  the  metal  is 
practically  free  from  slag.  In  this  way  phosphorus  is 
removed.  The  recarburizing  additions  are  made  to  give 
the  required  carbon  to  the  steel  and  another  purifying  slag 
is  added.  This  consists  of  lime,  sand,  and  fluorspar,  and 
quickly  melts  when  the  current  is  switched  on.  The 
pressure  is  now  reduced  by  changing  over  from  one 
switch  to  the  other,  and  the  current  at  the  same  time 
is  lowered  to  about  2,000  amperes.  The  phosphorus  as 
stated  above  has  been  removed,  but  there  remains  among 
the  injurious  constituents  in  the  metal  the  bulk  of  the 
sulphur  and  in  addition  a  certain  amount  of  oxide  of  iron 
which  has  come  from  the  oxidation  of  the  scrap  during 
the  melting  and  from  the  oxidizing  slag  that  is  necessary 
for  the  removal  of  the  phosphorus.  The  metal  must  thus 
be  freed  from  this  oxide  and  from  the  sulphur.  The  oxide 
of  iron  in  the  metal  is  also  soluble  in  this  new  slag,  which 
takes  it  up  until  the  solvent  powers  of  the  two  fluids  are 
equal.  The  oxide  is  then  removed  from  the  slag  by  means 
of  the  addition  of  finely-divided  carbon  in  the  form  of 
powdered  anthracite,  which  reduces  the  oxide  of  iron  in 
the  slag  and  at  the  same  time  makes  a  reducing  atmo- 
sphere of  carbon  monoxide  inside  the  furnace.  In  these 
circumstances  the  oxide  of  iron  in  the  steel  is  continually 
passing  into  the  slag  as  the  carbon  reduces  it,  and  in  this 
way  the  whole  of  the  metal  is  gradually  freed  from  its 
oxide.  At  the  same  time,  under  the  reducing  conditions 
and  under  the  influence  of  the  chemical  composition  of 
the  slag,  the  whole  of  the  sulphur  is  automatically  removed 
from  the  metal  into  the  slag.  Thus  in  this  way  the  metal 
is  purified  into  high-grade  steel. 

These  reactions  result  in  some  very  interesting  changes 
in  the  slag  itself.  At  the  commencement  of  the  refining 
this  slag  is  black  in  colour,  but  as  the  oxide  of  iron  is 
removed  from  it,  it  becomes  gradually  white,  and  on 
cooling  down  to  atmospheric  temperature  falls  gradually 
into  a  white  powder.  The  steel  being  now  purified  is 
ready  for  "  teeming"  into  the  ladle,  its  composition  being 
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written    and    many  djit.t   have    been 


Much   has   been 
puhli>lml    c.  .     the    power    i  '    '  '     'ic 
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and  manufacturing  the  !>ame  products,  the  question  of 
the  relative  merits  of  the  different  types  of  furnace  from 
the  point  of  view  of  encrf^y  consumption  could  Ite  settled. 
As  far  as  one  can  ascertain  there  is  really  nut  much 
difference  in  the  actual  power  iicc<lcd  when  doiii);  (he 
same  work  in  the  dilTercnt  types  of  the  belter-known 
furnaces  ;  and  in  fact  when  decidiiif>  on  which  type  ul 
furnace  to  install,  the  questions  of  the  initial  cost  of 
the  plant,  its  suitability  for  running  off  existing  power 
supplies,  the  cost  of  repairs  to  the  furnace,  and  the  ease 
with  which  these  can  be  carried  out,  are  all  points  which 
arc  as  important  as  the  question  of  low  power  consump- 
tion. Much  depends  on  the  kind  of  raw  materials  used, 
upon  the  process  employed,  and  upon  the  quality  which  is 
desired  in  the  linal  protluct.  For  ex;iniple,  it  is  quite 
possible  by  "  killing"  the  steel  with  silicon  and  m.inganese 
(as  is  done  in  the  o|H:n-hearth  furnace)  to  produce  a  steel 
in  less  time  and  using  less  energy  than  when  employing 
the  deoxidizing  process  described  alxive,  but  at  the  same 
lime  the  steel  produced,  although  showing  a  satisfactory 
chemical  analvMs.  is  not  so  good  under  actual  working 
tests  as  is  the  steel  upon  which  more  time  is  spent  and 
more  power  used  for  deoxidation  in  the  best  manner. 
Naturally  (he  purpose  for  which  the  steel  is  to  be  used 
determines  the  nature  of  the  refining  process  which  ought 
to  be  employed  :  and  mild  steel  suitable  for  steel  castings 
can  be  produced  much  more  cheaply  than  the  highest 
qualities  of  tool  and  alloy  steels.  Then,  again,  the  si/c  of 
the  furnace   has   an  iinpiortant  bearing  upon  the  energy 
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become  melted.     A  dephosphorizing  slag  is  added  to  Ibe 
met.il  as  soon  as  it  is  poured  into  the  furnace  ;  arid  .if' 
this  has  been  allowed  to  work  it  is  removed,  ihc  tiiii- 
slag  is  added,  .ind   the  |  'in  exactly  the 

same  way  as  that  de>cni  iper. 

The  electiic  furnace  is  also  iiii':  as  an  auxiliary 

to  the  open-hearth  and  Bessemer  ,  .  being  used  (o 

melt  ferro-manganese  additions,  as  it  has  been  found  that 
the  saving  in  the  amount  of  this  alloy  required  more  than 
pays  for  the  cost  of  meUing  it  electrically. 

In  (his  coun(ry  the  held  for  the  electric  ■'     ' 
mainly  in   the  manufaclurc  of   tool  and   .. 
making  the  smaller  sizes  of  steel 
connection  with  the  open-hearth   .1 
producing  a  superior  prinluct.   Abroad.  However 

in  those  regions  where  water  ptiwer  is  plentilui 

trical  energy  can  be  produced  very  cheaply,  it  is  po^- 
in  fact    probable,  that  electric  furnaces  will   be   Used   tu 
produce  steel  in  hirge  quantities  instead  of  employing  the 
older  class  of  fuel-tired  furnaces. 


Discussion. 


^'*-  Mr.  J.  S.  Peck  :  A  few  vears  ago  when  the  electric 
furnace  was  mentioned  as  being  a  possible  means  of 
refining  steel,  it  was  hoped  (hat  if  it  did  not  revolutionize 
the  manufacture  of  steel  it  would  in  any  event  enable  a 
high  quality  of  s(eel  to  be  produced  at  a  comparatively 
low  cost  from  a  poor  quality  of  metal.  The  electrical 
manufacturer  was  specially  hopeful  because  he  foresaw 
good  business  ahead.  The  anticipated  results  have  not 
been  wholly  realized,  and  I  should  be  interested  to  lu'ar 
from  the  author  why  the  introduction  of  the  electric 
furnace  lias  not  been  more  rapid.  A  few  \e.irs  ago  some 
15-tun  electric  furnaces  for  refining  Bessemer  steel  were 
introduced  in  America,  but  I   have  not  heard  recently  of 


any   furnaces  of  similar  or   larger  size    being    adopted.  Mr.  ivc*. 

Is  the  on 

high  ?     \'. 

As  to   the    luliiai.c    ilscil,    liicic    Is    ccl  laiiily    a 

advant.igc  in  having  a  j-ph.isc  or  3-pliase  fiir:..i 

no  supply  engineer  wishes  to  have  on  his 

single-phase   load.       In  this   respect    Ihc    ;. 

furnace  appears  to  me  to  have  a  great  advaiilagc  Iv  . 
it   can  be   made   for   polyphase    working  down   to 
parativelv   small  sizes,  while  many    other  types  hj\ 

inits.      Ii 
^   it   IS  lu 
take  very  s(>ccial  precautions  in  the  design  on  acvxMitil  of 
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Mr.  Peck,  the  fact  that  there  are  a  number  of  low-tension  coils  in 
parallel,  and  it  is  also  necessary  to  bring  out  tappings 
from  the  high-tension  windings  in  order  to  vary  the 
voltage  applied  to  the  furnace.  If  the  tappings  are  cut 
out  in  the  ordinary  way  from  part  of  the  liigh-tcnsion 
winding  it  leaves  an  unsymmetrical  relation  between  the 
primary  and  secondary  windings,  and  very  heavy  local 
currents  are  likely  to  flow  from  one  secondary  coil  into 
the  other.  There  are  a  number  of  ways  of  overcoming 
those  difliculties,  but  in  general  it  is  necessary  to  arrange 
tlie  windings  so  as  to  keep  the  relation  as  symmetrical  as 
possible  between  the  primary  and  second.ary  windings. 
I  believe  this  is  the  first  paper  on  this  subject  which  has 
been  presented  before  the  Institution,  and  while  it  gives  an 
e.xtrcmel}-  clear  description  of  the  principal  t3'pes  of  fur- 
naces now  on  the  market,  it  seems  to  me  that  in  order  to 
make  it  complete,  and  in  order  to  make  it  a  valuable  work  of 
reference  for  the  members,  it  should  contain  more  informa- 
tion than  is  actually  given.  Some  of  the  information  that  I 
should  like  to  see  included  is  as  follows : — The  largest  size  of 
electric  furnace  that  has  been  made  so  far.  The  total  kilo- 
watt capacitv  of  electric  furnaces  now  in  use.  Is  the  rate  of 
increase  rapid,  or  slow  ?  Data  as  to  the  voltage,  current, 
number  of  kilowatt-hours,  and  the  time  required  for  making 
different  classes  of  steel  under  various  conditions.  The 
price  at  which  electricity  must  be  sold  in  order  that  the 
working  of  steel  furnaces  under  various  conditions  for  the 
production  of  steel  may  be  a  commercial  possibility. 

Jr.  Fayc-  Mr.  K.  jNI.  F.iYE-H.-ixSEX  :  It  seems  to  me  that  from  the 

electrical  engineer's  point  of  view  the  best  type  of  electric 
furnace  is  the  induction  furnace.  It  is  possible  to  make 
a  pure  induction  furnace  for  3-phase  working,  and  it  is 
possible  to  arrange  it  in  such  a  way  as  to  secure  a  fairly 
reasonable  power  factor  for  reasonable  sizes  and  frequen- 
cies. But  when  we  bring  the  suggestions  to  the  notice  of 
the  steel-makers  we  always  find  that  there  are  difficulties 
in  the  way,  as  mentioned  in  the  paper,  such  as  that  the 
steel-maker  must  have  good  working  room  and  also  a  high 
temperature  of  the  slag  for  getting  the  necessary  chemical 
reaction.  One  thing  which  limits  the  freedom  in  the 
design  of  an  induction  furnace  is  the  "pinch  effect,"  which 
prevents  the  bath  from  being  a  wide  and  shallow  channel. 
Most  of  the  commercial  electric  steel  furnaces  ai-e  made, 
on  the  arc  principle.  With  regard  to  the  arc  furnace, 
almost  the  first  consideration  from  the  supply  company's 
point  of  view  is  to  get  a  steady  load  and  at  the  same  time 
to  secure  a  reasonably  good  power  factor.  Those  two 
requirements  are  really  conflicting.  For  instance,  for  a 
small  steel  furnace  a  power  factor  of  0-97  might  be  ob- 
tained, but  one  would  then  have  to  build  the  transformer 
and  to  make  the  leads  between  the  transformer  and  the 
furnace  with  as  little  reactance  as  possible.  In  that  way 
one  would  get  a  good  power  factor.  But  if  we  do  that  the 
currents  taken  when  a  short-circuit  occurs  in  the  furnace 
are  very  large  and  will  be  objected  to  by  the  supply 
company.  For  a  small  furnace  we  can  by  proper  design 
and  lay-out  obtain  the  power  factor  which  we  wish  from 
the  point  of  view  of  not  getting  too  big  short-circuit 
currents.  For  instance,  if  one  makes  a  furnace  to  have  a 
power  factor  in  the  neighbourhood  of  o'g  the  short-circuit 
current  will  be  about  double  full-load  current.  When  we 
come  to  the  very  large  furnaces,  however,  it  is  impossible 
to  obtain  a  high  power  factor  because  of  the  unavoidable 


inductive  effects  of  the  leads  and  in  the  loop  round  the  Mr.  F:iy( 
furnace.  In  fact  one  comes  to  certain  limits  of  size  of  i^^"^'^"- 
furnaces  for  any  frequency  depending  upon  the  voltage 
that  one  is  willing  to  use  on  the  arc.  It  is  possible  to  raise 
the  limit  by  sucli  means  as  interleaving  the  leads  to  the 
furnace,  bringing  them  in  from  two  sides  so  that  each  loop 
only  carries  half  the  total  current,  etc.  But  still  the  fre- 
quency of  50  will  be  too  high  for  very  large  furnaces, 
though  it  is  quite  satisfactory  for  the  sizes  now  being  built. 
I  should  like  to  ask  the  autlior  regarding  the  advantages  in 
the  Electro-Metals  type  of  furnace  of  getting  the  current 
to  the  bottom  of  the  furnace,  whether  it  is  of  great  import- 
ance during  the  whole  period  or  only  towards  the  end  of 
the  charge  when  the  final  refining  takes  place.  If  it  is 
of  great  importance  only  during  the  refining  part  of  the 
process  there  are  other  arrangements  than  the  Electro- 
Metals  furnace  which  might  suggest  themselves  as  being 
improvements.  Assuming  that  it  is  necessary — or  if  not 
necessar}',  at  least  useful — to  have  the  current  at  the 
bottom  during  the  whole  time  of  the  charge,  I  think  that 
the  present  arrangement  of  the  Electro- Metals  furnace 
will  prove  to  be  the  best  for  steel  making. 

Mr.  G.  L.  RossER  :  I  should  like  the  author  to  state  Mr.  Ross 
whether  only  basic  steel  is  manufactured  in  the  electric 
furnace,  and  if  so  whether  the  basic  steel  so  manufactured 
is  superior  to  the  steel  manufactured  in  the  Siemens  open- 
hearth  acid  process.  Have  the  two  steels — i.e.  steel  made  in 
the  electric  furnace  and  steel  of  similar  analysis  made  by  the 
Siemens  open-hearth  acid  process — been  tested  for  tensile 
strength,  yield,  elongation  per  cent,  and  reduction  of  area, 
and  subjected  to  bending  and  shock  tests  ?  If  the  steel 
made  in  the  electric  furnace  proves  to  be  superior  this 
should  be  taken  into  account,  as  the  raw  material  used 
in  the  electric  furnace  would  be  much  cheaper  than  that 
used  in  the  Siemens  open-hearth  acid  furnace.  I  suggest 
that  the  author  should  refer  to  this  point  in  his  reply. 
It  would  be  extremely  useful  to  know  the  cost  per  ton  of 
steel  made  in  the  electric  furnace.  This  price  should 
include  the  cost  of  raw  material,  scrap,  dephosphorizing 
agents,  etc.,  and  also  the  consumption  of  electrical  energy. 
A  price  per  ton  should  be  given  separately,  including 
depreciation  of  furnace,  repairs,  and  renewal  of  carbons. 
Such  figures  would  give  the  steel  manager  the  opportunity 
of  checking  them  against  the  figures  already  obtained  in 
making  steel  in  open-hearth  furnaces  by  both  the  acid  and 
basic  processes.  Is  it  possible  to  over-oxidize  the  steel  in 
the  electric  furnace  or  to  get  a  "cold  tap"?  On  page 
539  the  author  says,  "  A  small  addition  of  aluminium  or  an 
alloy  of  aluminium  is  usually  added  at  the  end  in  order  to 
remove  any  traces  of  gases  which  may  remain  in  the  steel." 
Is  not  the  usual  practice  to  add  such  aluminium,  not  in  the 
furnace,  but  in  the  ladle  ?  On  the  same  page  is  the  phrase 
"from  which  it  is  teemed  into  the  ingots  or  castings."  I 
think  the  author  means  the  moulds  ;  the  ingot  is  the  metal 
which  solidifies  after  it  has  been  teemed. 

Mr.  H.  T.  Wilkinson  :  I  ask  for  information  more  from  Mr. 
the  point  of  view  of  the  supply  engineer.  I  should  like  ''''"'° 
more  definite  figures  of  the  kilowatt-hours  per  ton.  What 
is  the  maximum  demand  for  a  2-ton  or  4-ton  furnace,  and 
over  what  period  will  the  demand  occur,  or  rather  what 
will  the  load  curve  look  like  ?  It  would  have  been 
interesting  if  the  author  had  given  a  recording-ammeter 
chart  to  show  what  happened.     I  should  imagine  the  load  is 


K'nUKKTSON:     ELI-H'TK'li'    S^TKKI    \l  \K1\'C.    Kf 'U'V  \rKS      ^KrI■^SIOV 


.n 


cxn  iiliii);l\  \  jiKiblr,  and  Ihtrcfoic  iiu  «li  .  :  i  i  -u|'|l\ 
"*""  rii^iiiicci  15  not  .iii\i>>U'>  I'"  iihl.iiii,  I  >|iii.  i.illv  wlnii  il  i>  a 
l»ii^  wuv  lixMi  llic  '•latliiii.  Wlut  l>  tllc  tliili-  LtUcii  lor 
(Iculin^  uilli  .1  clii«it>c  ill  .t  >  toll  or  4-luii  furiuic.  and  liow 
oKrn  can  the  t.liai|>CN  l>c  dr.ill  Willi  one  after  tlic  otiii-i  r 
If  there  any  cleaning;  (leruKi  between  the  L'har)(e»  i  Then 
there  it  the  cost  of  upkeep  of  the  furnace.  1  know  in 
many  caMr!>  it  is  a  serious  item,  apart  from  tlic  cost  ol 
current  and  carbons.  There  is  the  fu-qiienl  rc-hnin);  ol 
lh<  which  makes  a  loiiMilerable  addition  to  t 

otiu  I  am  askiii){  on  bili.ill  of  a  frieml  tti  liitl 

who  IS  in  a  rather  unusual  iMisilimi.     lie  i--  n- 
the  electricity  >upply  station,  and  also  lot  ama  , 

ineni  which   includes  engineering  works  and  a  foundry. 
They  have  some  hundreds  of  tons  of  sciap  iron  which  they 
have  not  been  able  to  use,  and  ihe  conditions  are  such  that 
il  would  l>e  verv  convenient  for  him  to  be  .il  ' 
furnace  for  the  privliirtion  of  ••Xccl  from  the  v\ , 
"scrap  id.     Il  would  appear 

to  be  a  p  :li  departments. 

rknoj»,  Mr.  K.  iHOMAS  :  \Vc  liave  lound  dilVicully  in  obtainiiiK 
in  this  country  steels  of  a  particular  quality  ;  they  are  pro- 
duced on  the  Continent  of  a  lusher  grade  than  is  manu- 
factured here.  One  point  which  has  specially  impressed 
ine  is  tlial  makers  in  Sheffield  of  the  highest  repute  seem 
to  be  quite  unable  to  produce  similar  steel  at  different 
times.  They  will  show  a  sample  which  they  s:iy  has  not 
been  selected,  and  which  gives  excellent  results,  hut  after- 
wards when  they  arc  called  upon  to  supply  steel  ol  equal 
quality  in  bulk  they  are  unable  to  do  it.  That  has  hap- 
pened not  once  but  many  times.  They  are  quite  willing 
to  take  the  steel  back  and  to  show  customers  their 
laboratories,  at  the  s.une  time  explaining  that  they  have 
analysed  the  steel  most  carefully  and  examined  it  niicro- 
>copically.  Yet  the  steel  is  not  the  same.  They  cannot 
lind  out  the  difference.  If  we  give  them  a  specimen  of 
suitable  steel  they  will  spend  a  good  deal  of  time  in 
analysing  it,  and  at  the  end  they  are  unable  to  reproduce 
it  with  the  same  properties.  I  think  our  electrical  tests 
have  proved  far  more  searching  than  chemical  analysis  or 
any  of  the  physical  tests  that  can  be  applied,  and  the 
result  is  th.it  we  lind  differences  which  they  are  not  able 
to  appreciate.  I  do  not  know  much  about  steel  manu- 
facture, but  I  believe  that  the  firms  engaged  in  it  arc  apt 
to  have  the  mixing  done  by  foremen  who  have  grown  up 
with  the  work  and  who  have  had  great  experience.  These 
foremen,  I  think,  treat  their  material  in  much  the  sort  of 
way  that  a  domestic  cook  goes  about  her  work  ;  that  is  to 
say,  they  have  rather  a  contempt  for  scales,  weights,  and  so 
forth,  and  prefer  throwing  in  handluls  of  material  accord- 
ing to  their  own  experience.  1  know  this  is  not  quite  the 
case  with  some  linns  who  luive  iiitioduced  better  methods 
of  working  and  are  trying  to  become  more  searching  in 
their  analyses,  but  the  point  is  that  they  still  get  enormous 
differences  in  steels  which  they  wish  to  make  exactly  the 
same.  I  do  not  know  whether  it  is  due  to  the  ordinary 
furnace  methods  which  they  adopt,  or  to  impurities  in  the 
materiaU  that  they  procure.  I  have  a  suspicion  that  their 
chemical  analyses  are  not  yet  perfect  enough  and  tiny 
quantities  of  certain  impurities  gel  in  and  upset  matters. 
Or  it  may  be  that  after  they  have  obtained  pure  materials 
small  quantities  of  impurities  which  are  speci;illv 
deleterious  arc   introduced    in  tlie  melting  process.      For 


ol  tliii  question   ol   lh<  llul 

with   It    I    "I- "'v 

much  gii  1 

furnace.     ,\  |.>i  "l    , 
inallri    bill  «i>  f.«r 


Itie  oilier   day  whether   he   was  using  an  electric  furnace, 

said   that    he   hid    s|h:iiI   al>out     '< '    ''"     ""i   liad 

afterwards  given  up  using  it.     1  that 

either  Ihe  methods  were  very  un-  i~  "f 

the    electric   furnace    were    not  .  :    !  c   I 

Id   like   p. 
..d  atlvaii!  . 
elect!  ic    lurnace,    and     wiietiier    theie    is   any 
prospect  anil   any   convincing   experience    to    •  .t 

nunufacturers  will  Ik-  able  to  get  over  some  of  the  un- 
certiinties  in  their  product.  Also  can  he  give  any 
reasons  why  manufacturers  who  have  tried  these  furnaces 
have  abandoned   them  later  r 

Mr.  D.  S.  l'A.\Tt>N  :  'I'he  remarks  that  I  have  to  make  are  iic-Pauai. 
chielly  of   an   interrogatory  chai  . 

Mr.  I'eck  that  a  certain  amount  >  :  i 

is  required  in  order  to  render  the  paper  of  great  future 
value.  Mr.  Peck  has  already  put  forward  some  of  the 
queries  which  I  had  noted.  The  first  of  ihcin  is  whether 
electric  furnaces  are  actually  in  use  in  this  country  to  any 
considerable  extent.  The  extension  of  their  use  is  obviously 
a   question   of    cost — whether   the    »■  m    lie 

brought  to  a  level  which  will  justify  ;  cnt — 

and  from  that   point  of  view  1   should  like  to  liave   : 
Illation  as  to  the  price  of  electrical  energ\'  that  will  il  : 
them    commercially   practicable    for   different   clashes  of 
work.     Mr.   Kaye- Hansen    has   mentioned  the  subject  of 
power  factor.     I  am  rather  surprised  to  find  that  he  says 
difficulties  may  arise  from  the  reactance  of  the  leads.     I 
have  seen  a  number  of  Swiss  plants  with  arc  furnaces  for 
the   fixation  of  atmospheric  nitrogen,  in  connection  with 
which  there  have  been  difficulties  with  the  power  factor, 
but   from  exactly   the  opposite  cause!     In  some  cases    I 
belie\»    the   power  factor   is   approximately  o  j    leading, 
though  I  have  not  got  the  exact  figures.     I  should  hke  to 
know   what   the   author's   experience   has   been    with   the 
electric  steel  furnace,  whether  the  presence  of  iron  more 
than  counterbalances  the  tendencv  of  t 
to  produce  a  le.iding  current.     Thepc^v. 
of  the  points  which  will  infiuence  the  choice  ol  a  particular 
type  of  furnace  for  any  given  class  of  work.     On  page  538 
the  author  says,  "These  motors  work  in  conjunction  with 
•  some  form  of  automatic  regulator,  preferably  of  the  Thury 
type."     Why  docs  he  prefer  this  type  ?     My  experience 
has  ixren  that  with  very  large  current  variations  it  is  ni !  .i« 
inst.iiitaneous   in  action  as  some  of  the  other  tyfHrs    ;    : 
instance,  the  (iuttingcr,  or  Hrown-Hovcri  regulator  a« 
usually    called.     The   latter    type    appears    to    work    1;.     i 
rapiilly  when  large  variations  are  expei  lenced. 

Mr.  J.  X.  K\.\TO.S"    (comniunUtileJ}  :    I'his   jMp.ri    u    nKl  Mt   i-ioi-u 
have  been  more  interesting  if  the  author  had 
the  costs  of  working  of  each  type  of  plant  so  llial  ....i...uiuj; 
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Mr.  P.inion.  uscrs  niiglit  have  some  sort  of  guide  when  adopting  electric 
furnaces  in  this  country.  He  also  might  have  broiighl  out 
the  merits  of  electric  steel  castings  over  ordinary  grades 
now  in  use.  and  the  reason  for  adopting  the  method  of 
casting  referred  to.  I  visited  some  nine  months  ago  at 
Sherbrooke,  Can-ida,  a  worl<s  where  electric  furnaces  were 
entirely  used  for  smelling  ordinary  steel  and  manganese 
steel  castings,  including  electrically-smelted  bronze  bearings 
and  ferro-manganese  brake  blocks,  all  for  railway  and 
tramway  use.  The  type  of  plant  used  was  similar  to  the 
Heroult  furnace  described  l\v  the  author,  but  of  the  3-phaso 
type,  wherein  the  tliree  vertical  carbons  were  raised  or 
lowered  l\y  hand  gear  into  the  square  steel  case,  which 
was  lined  with  special  bricks,  dipped  in  tar,  and  mounted 
on  curved  rails  for  tilting  purposes,  the  tilting  being  effected 
by  hand  power  and  levers  at  each  end.  Water  cooling 
was  provided  round  the  electrode  holes,  and  the  electrodes 
were  7  in.  in  diameter  and  about  3  ft.  long,  screwed  male 
and  female  for  continuous  feeding.  This  represents  a 
2-ton  furnace,  which  invariably  receives  a  charge  of 
35-30  cwt.  of  metal.  The  power  was  supplied  l-)y  a  water- 
fall 7  miles  distant,  and  was  transmitted  to  the  works  at  a 
pressure  of  6,600  volts,  being  there  transformed  down  to 
no  volts.  The  time  taken  for  a  cold  charge  was  5  hours, 
but  as  the  plant  invariably  works  night  and  day  the 
remaining  heats  took  4  to  4J  hours.  I  myself  experienced 
considerable  delay  in  striking  an  arc  to  the  scrap  rivets, 
etc.,  but  when  the  arc  was  struck  the  ammeter  on  the 
high-tension  side  read  40  amperes,  so  that  the  start  repre- 
sented 264  kilowatts,  or  2,400  amperes  melting  current  on 
the  low-tension  side.  For  a  4  hours'  charge,  the  current 
consumption  diminishing  with  time,  900  kilowatt-hours 
were  taken  for  30  cwt.  of  metal  in  the  ladle.  This  is  a 
somewhat  better  result  than  the  author's  figures,  especially 
when  I  say  that  the  cost  of  energy  per  unit  was  o-id.,  the 
energy  being  purchased  in  bulk.  Compare  this  with 
the  cost  of  energy  in  this  country,  and  it  will  be  seen 
that  electricalh'-smelted  steel  can,  in  ordinary  times,  be 
placed  on  the  market  here  at  lower  prices  than  those  at 
which  it  can  be  produced  in  Sheffield  or  Newcastle.  With 
regard  to  the  quahty  of  the  product,  the  chief  difference 
between  the  castings  made  by  the  new  and  old  processes 
is  that  owing  to  the  low  percentage  of  carbon  in  electric. 
castings  many  ar^  used  without  annealing.  Higher 
qualities  of  steel  can  be  produced  electrically  than  by 
other  processes.  I  fully  agree  with  the  author  that  there 
is  a  splendid  tield  for  electric  steel  rails,  especially  of  the 
manganese  or  ferro-manganese  type.  Care  should  be 
taken  not  to  reduce  the  conductivity  of  rails  used  for 
electric  railways  and  tramways,  and  especially  where 
magnetic  slipper  brakes  are  in  use,  as  manganese  steel 
made  by  the  electric  process  is  practically  non-magnetic, 
more  so  than  manganese  steel  made  by  the  ordinary 
process. 

Robertson.  ^'r.  T.  D.  ROBERTSON  (in  reply)  :  Mr.  Peck  raised  the 
interesting  point  :  How  is  it  that  the  introduction  of 
electric  furnaces  has  not  been  as  rapid  as  was  predicted  ? 
Man}-  members  will  doubtless  remember  that  seven  or 
eight  years  ago  the  future  of  the  electric  furnace  was 
painted  in  very  bright  colours,  mainly  by  people  who 
were  exploiting  various  types  of  furnaces,  and  the  result 
was  that  when  electric  furnaces  were  built  and  put  into 
operation  much  experimenting  had  to  be  done  and  altera- 


tions made  in  order  to  make  them  serviceable  on  a  Mr. 
commercial  scale.  Unfortunately  these  experiments  had  '*°''"'^ 
usually  to  be  made  at  the  expense  of  the  hrm  wlio  had 
purchased  the  furnace  and  who  thus  became  prejudiced 
against  electric  furnaces  in  general.  The  result  of  such 
experiences  was  that  steel  makers  naturally  became 
sceptical  of  the  claims  advanced  by  furnace  makers,  and 
it  is  only  now  that  these  prejudices  are  wearing  off  owing 
to  the  fact  that  there  are  at  the  present  time  many  electric 
furnaces  in  satisfactory  operation.  Mr.  Peck  mentioned 
15-ton  furnaces.  These  have  been  used  in  America, 
chiefly  for  refining  fluid  Bessemer  metal  for  the  produc- 
tion of  steel  rails.  The  United  Stales  Steel  Corporation 
installed  them  mainly  with  the  idea  of  making  experiments 
on  a  large  scale  with  big  electric  furnaces  for  this  work  ; 
they  have  produced  a  lot  of  rails  which  have  been  put 
down  and  are  at  the  present  time  undergoing  tests. 
There  is  every  indication  that  the  results  of  those  tests 
will  be  very  satisfactory,  and  I  think  we  may  soon  look  for 
a  big  development  in  the  United  States  in  the  use  of 
large  furnaces  for  refining  crude  Bessemer  steel. 

Mr.  Peck  also  emphasized  the  point  that  it  is  a  big 
advantage  to  have  a  furnace  which  will  utilize  2-phase  or 
3-phase  high-tension  supplies  rather  than  one  which  has 
to  take  single-phase  current.  This  advantage  is  so  marked 
that  the  Heroult  furnaces  are  now  made  in  the  small  sizes 
to  take  3-phase  current  instead  of  single-phase  which  has 
until  recently  been  the  usual  practice.  The  largest  size 
of  electric  furnace  that  has  been  put  down  is,  as  far  as  I 
know,  a  Girod  furnace  of  20  tons'  capacity  which  has 
been  installed  in  the  south  of  France.  The  transformer 
capacity  required  for  electric  furnaces  does  not  increase 
directly  with  their  tonnage.  That  is  to  say  a  lo-ton 
furnace  does  not  need  twice  the  transformer  capacity  that 
is  needed  for  a  S-ton  furnace,  the  kilowatt  capacity  per 
ton  being  less  with  the  larger  sizes. 

With  regard  to  the  price  at  which  electricity  must  be 
obtainable  in  order  to  make  the  working  economically 
satisfactory,  this  is  really  dependent  upon  the  quality  of 
the  product  that  is  to  be  turned  out.  If  cheap  material 
suitable  for  steel  castings  is  to  be  made,  the  price  of  power 
will  have  to  be  lower  than  for  the  manufacture  of  the 
highest  grades  of  tool  steel.  Generally  speaking,  if 
power  can  be  obtained  at  O'S  or  o'6d.  per  kilowatt-hour 
the  electric  furnace  will  contpete  successfully  with  other 
processes  for  the  making  of  small  steel  castings,  and  it 
is  certainly  the  most  economical  apparatus  for  the  making 
of  the  highest  grades  of  tool  steel. 

I  can  quite  understand  that  from  an  electrical  engineer's 
point  of  view  the  induction  furnace  seems  almost  an  ideal 
arrangement,  but,  as  Mr.  Faye- Hansen  pointed  out,  steel 
makers  object  to  it.  It  is  essential  in  steel  making  to  be 
able  to  get  at  all  parts  of  the  furnace  conveniently  with 
working  tools  and  to  be  able  to  make  additions  to  the  slag 
or  remove  it  if  necessary.  In  the  induction  furnace  the 
heat  is  generated  within  the  metal  composing  tiie  ring 
round  the  transformer.  Consequently  the  slag,  which  lies 
on  the  top  of  the  metal,  receives  all  its  heat  from  the  metal 
and  is  therefore  always  cooler  than  the  metal  because  the 
upper  surface  of  the  slag  is  exposed  more  or  less  to  the 
atmosphere  during  the  whole  of  the  process.  For  this 
reason  refining  slags  that  have  a  high  melting  point  can- 
not be  employed.     In  the  arc  furnace  the  conditions  are 
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foniier»  are  UeMgnctl  to  ininiinifc  suctdrii  tluctujlioiib  in 
Ibe  load  on  the  furnace,  the  power  factor  is  lowered.  The 
thing  to  aim   at   in   the   design   is   to  !>trike  the   happy 

>hle    Huctiulioiis   and  reason 
sc  in  a   j-phase   furnace   it 
cuit  will  !  d  on  bolli 

•  >.'es   arc    t  is   just    a 

:  on  one  plusc  only,  so  that  thc 
.  y  much  reduced.  I  iiuy  say  that 
these  $bort-circuit:>  arise  during  the  melting,  when  the 
metal  in  the  neighbourhood  of  the  electrodes  has  almost 
reached  the  melting  fioint  and,  becoming  soft,  suddenly 
falls  against  the  elcctrovle,  forming  4  short-circuit  and 
resulting  in  a  sudden  overload,  which  is  obviated  by 
raising  the  electrode. 

.\nnthcr  point  raised  by  Mr.  Faye-Hansen  is  the 
\\  or  the  necessity  of  having  current  passing 
„  the  bottom  of  the  furnace  during  the  whole  of 
the  working  period.  It  is  necessary  for  this  to  be  the 
case  with  the  3-phase  arrangement  in  the  Klectro-Metals 
furnace.  This  current  passing  through  the  bottom  is 
particularly  useful  in  the  ri  '  i.;c,  as  it  enables  the 

circnhilion  nf  the  metal  to  l.i  iiid  keeps  the  hcarlli 

of    ;  ce    hot,    thus    avoiding    inequalities    in    the 

teiii:  'I  the  different  parts  of  the  metal. 

Mr.  Haxtun  asked :  Docs  the  cost  of  power  in  this 
country  justify  the  adoption  of  electric  furnaces  ?  The 
answer  is  that  this  question  must  be  decided  by  local  con- 
ditions. Given  a  certain  cost  for  power,  the  manufacturer 
who  pro(K>ses  to  put  down  an  electric  furnace  must  decide 
whc'  I  ices  that  he  will  obtain  for  his  product,  or 

the  .cnt  that  he  will  obtain  in   the  quality,  will 

justily  liic  ex:  of  electric  heating. 

It  IS  never  \  obtain  a  leading  power  factor  with 

an  electric  steel  furnace  because  there  is  always  consider- 
able inductance  in  the  leads  owing  to  their  pro.ximity  to 
iron  or  steel  in  various  shapes  and  forms  :  in  fact,  the 
furnace  casing  itself  has  a  considerable  amount  of 
inductance. 

The  point  in  regard  to  the  Thury  regulator  i^ 
esting.     Nearly    all    makers    insUll    Thury    re^;i 
tliiir  electric  1  cause  they  believe  this  is  the  only 

type    which    1  uil.      It    has    been    installed    for 
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in  the  electric  arc  turnace.     When  steel  is  melted  in  the 
crucible,  this   oxide  is  got  rid  of  bv  adding  de-oxidizing 
agents,  such  as  silicon,  manganese,  or  aluraiiiium.  or  their 
alloys.     Kven  -      '    '      '  :  very  mu^.' 
de-oxidalion  is  >^  in  the  c 


of  skill  which  IS  imparted  to  the  in.uiufacture  of  crucible 
steel  IS  higher  than  that  imparted  to  the  manufacture  ol 
electric  steel.  It  is  very  easy  to  make  bad  electric  steel 
by  bad  ni .         '        :i. 

Mr.    W  >~ked   for  a   statement    relafivr  to   the 

r    an 

the 

.1  of  one  01  these  luinace-s  dunng  the 

!. „  „  .    Take,  for  example,  a  2-ton  furnace 

in  which  the  total  lime  between  teeming  one   heat   and 
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Mr. 

Robertson. 


approximate  figures  biil  they  illuslratc  the  way  in  whicli 
the  load  is  divided  up.  Taking  the  case  of  a  furnace 
working  continuously — that  is  to  say  24  hours  per  day  for 
five  days  per  week,  and  allowing  time  for  making  repairs, 
about  20  charges  will  be  obtained  per  week,  and  assuming 
45  working  weeks  per  year,  the  load  factor  works  out 
at  about  40  per  cent.  The  power  factor  depends  entirely 
upon  the  way  in  which  the  leads  are  arranged,  but  in  a 
2-ton  furnace  the  power  factor  will  be  appro.ximately  o'c). 
I  should  mention  that  in  the  six  hours  there  will  be  an 
hour  taken  off  in  the  charging,  in  the  removal  of  the  slag, 
and  in  the  fettling  of  the  furnace  after  the  charge  is 
teemed. 

Mr.  Rosser's  question  dealt  with  liasic  steel.  I  think 
with  one  or  two  exceptions  all  electric  steel  is  made  on  a 
basic  bottom.  In  Germ.any  tw'o  or  three  years  ago  experi- 
ments were  carried  out  in  a  small  Heroult  furnace  making 
steel  on  an  acid  bottom,  but  of  course  in  that  case  there 
is  no  dephosphorizing.  It  is  simply  a  question  of  melting 
high-grade  raw  material.  Owing  to  the  deoxidation  of  the 
electric  steel  it  is,  when  properly  made,  superior  to  the 
best  acid  open-hearth  steel.  The  reference  in  the  paper 
to  aluminium  is  rather  ambiguous.  Aluminium  is  of 
course  added  to  the  metal  as  it  runs  out  of  the  furnace 
into  the  ladle. 

Mr.  Panton  has  given  some  interesting  figures  about  a 
small  Heroult  furnace  working  in  Canada  on  a  variety  of 
products.  The  difficulty  in  striking  an  arc,  to  which  he 
refers,  I  have  never  experienced  with  the  Electro-Metals 
furnace.  It  would  be  a  great  advantage  if  we  had  current 
at  i/iod.  per  unit  for  electric  furnace  purposes  in  this 
country,  as  the  cost  of  current  is  a  large  item  in  the 
cost  of  making  electric  steel.  I  am  glad  the  point  was 
mentioned  about  low-carbon  electric  steel  castings, 
because  that  is  a  point  in  favour  of  the  electric  process. 
Steel  castings  made  in  the  crucible — and  large  quantities 
of  small  steel  castings  are  so  made — cannot  be  melted  with 
very  low  carbon,  consequently  they  are  rather  hard  for 
machining  afterwards  and  have  to  be  annealed.  With  the 
electric  furnace  the  carbon  can  be  brought  down  as  low  as 
desired  and  many  castings  can  be  machined  up  without 
any  annealing. 


In  response  to  several  requests  made  during  tlie  discus-  Mr. 
sion  for  data  relative  to  tlie  cost  of  nuuiulacturing  electric  ^°^' 
sleel,  I  give  below  some  typical  working  costs  for  Klectro- 
Metals  furnaces  of  varying  capacity  making  steel  suitable 
for  high-quality  steel  castings  by  melting  common  steel 
scrap,  removing  phosphorus  and  sulphur  and  thoroughly 
deoxidizing. 

C.\P.\CITV    Ol'    FlUNACE. 


Number  of  casts  per  week 
Number  of  tons  per  week 
Number   of    tons    per   year   (45 

working  weeks) 
Transformer  capacity,  kw. 
Current   consumption    per    to4i, 

kw.-hours 
Electrode  consumption,  lb.   per 

ton 


Costs  per  Ton  of  Metal  in  the  Ladle. 


.1  Cwl. 

J*  Tnns 

5  Tons 

25 

20 

18 

.l''2.T 

SO 

90 

406 

2.2.=;o 

4.050 

300 

500 

900 

S50 

800 

750 

45 

40 

35 

+:    s.    d. 

1.  Scrap  at  55s.   per  ton 

(allowing  7  %   loss)     2   19     3 

2.  Current    at    o'5d.   per 

unit I   15     5 

3.  Electrodes     at      i|d. 

per  lb.         ...         ...     o     6     7 

4.  Labour  ...         ...     o     6     6 

5.  Materials  for  slags    ...     o     i     9 

6.  Alloys  adding  0-25  % 

Si  and  075  %  Mn...     046 

7.  Repairs  and  Mainten- 

ance  087 

8.  Ladle  costs     ...         ...     o     2  11 


£     s.     d. 

2   19     3 

I    13     4 

o  5  10 
o  5  8 
016 


£  s.  d. 
2  19  3 
I     TI       3 


041 
012 


046  046 


o    5  10 
019 


046 
o     I     5 


Total 


£6    5    (>     £5  17    8     .^-5  'I     3 


Management,  laboratory,  and  overhead  charges  are  not 
included. 
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In  »  report  miule  in  iW>7  hv  Sir  Alhert  Cappcl  to  ihc 

'l4in« 

c,  or 

c  l.ic  nuiny  ditlcicnccs  between 

.    I  tiiid  that  this  is  »(ill  more  llie 

with  regard  to   the  tropics,  where  many  diflicuhies 

.uikii.iwn  to  India  are  superimposed  on  those  experienced 

in  that  country.     Men  who  have  never  been  in  the  tropica 

Kit  tlie  chinatic  and  other  conse- 

cd  ill  those  parts  diticr  so  much 

in  any  other  part  of  Ihc   world. 

ration  to  say  that  these  lruul)lc^ 

responsible  for  the  maintenance 

. 111  a  tropical  country  more  worry 

ciy  \a  one  week  tlian   his  colle-igues  elsewhere 
:  .ciit.c  in  a  year.     It  is  not  so  much  the  aclu.d  heat 
that   IS   to   blame :  the   temperature   in    the   tropics 
■  I'.     This  is  in  no  way  iiiihcirable,  and 

.ilty  in  obtaining  app-tratii^  capablc 
iig  sui.il  heat  :  espcci-illy  as  in  the  tropics 
\  .  aioii  of  temperature  between  night  and  day 
IS  very  slight.  It  is  an  uiiexftccted  and  rare  pleasure  to 
those  who  live  in  such  countries  to  tind  the  night  tempera- 
ture dropping  to  even  80°  F.  The  main  troubles  are  due 
to  the  damp,  and  to  the  many  natural  elTects  caused  by 
damp  heat.     When  it  is  grasped  that  in  many  pKices  the 

varies   between   No  and  «>o 
j  ..['rcciate  the  reasons  for  the 

telephone  ciij^iiuer  s  more  or  less  emphatic  compUinls. 
When,  111  addition,  it  is  realized  that  this  damp  beat 
produces  a  marvellous  growth  of  vegetation — so  thick  that 
along  the  sides  of  the  country  roads  there  are  actual  walls 
of  ^recn  leaves,  fterhaps  80  to  100  feet  in  height,  so  dense 
that  It  Is  II  ■       to  pierce  :' 

clothes  li  Itodv.  an 


lile  IS  as  proiinc   as   the  vegetation,  and  sometimes  even 
more  trying,  then  one  is  in  a  position  to  understand  the 
difiicullies  and  to  syinpathue  with  the  tropical  engineers, 
but   these   are   not    the   only   troubles.     Lightning   has 
Vou  33. 


The    elecuical 

Nes 
do 

ide 


a    virulence    unknown    in    this   country. 

sir 

u 

their  l>esi  in  sonic  places  to  irn. 

For  instance,  in  some  parts  it  1- 

or  two  of  lines  wrecked  by  giraffes,  elephants,  or  monkey*. 

The  giraffes  roaming  over  the  wilds  of  East  Afnca  come 

up  against  a  telegraph  or  telephone  hne  ;  they  have  not 

the  sense  !■  '  ick  and  duck    '  "       ihe 

line   hill   til  .1  and  on,  can  le- 

ii  cm.   1  iiil-  or 

i>  :    Mr    1  .    !  <A. 

1  , 1»- 

lll„     ....     ....  ..  .10 

bamboo  |M>les  having  to  be  used,  wl  led 

long  enough  to  raise  the  wire  abov<r  im.  ma  ,>  ■■*  nicse 
long-necked  animals.  When  the  author  was  in  the  Malay 
Slates  he  saw  a  •  .c>- 

man,   drawing     .  d* 

of    elephants    in    his  disliivt    i 
poles   and   Ihe   lines.     In  this   . 
"His    Honoured    Master" — the    telegraph   i  lor 

instruction    how     he    should    arrest    these    ; -ine 

beasts  ! 

The  in.iin  reasons  for  bringing  this  paper  to  the  notice  at 
members  ol  the  Institution  are  to  impress  upon  them  the 
sc'  Alh  in    telephone  c  .'   ia 

li.  'he  ••!  iMiidcl'.ircf  ~  '.tie 

treat iiu-iit   that    :  in 

those  pails, and  i  -io« 

engineers  in  those  climes  nuy  obtain  many  usdul  bints 
which  will  go  towards  relieving  their  hard  lot. 

As    this    paper    is   more   immediately   concerned   with 
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p:»per   may   be  of   some  interest   to  all    branches  of   the 
electrical  engineering  profession. 

Instruments. 

So  far  as  white  ants  are  concerned,  we  (ind  that  the  use 
of  teak  practically  prevents  their  ravages.  The  author  has 
been  told  that  in  the  Gold  Coast  this  pest  is  so  voracious 
that  it  attacks  teak  as  willingly  as  any  other  wood  ;  but  he 
is  inclined  to  think  that  this  is  an  exaggeration,  and  he  lias 
certainly  not  heard  of  any  telephone  set  being  devoured  by 
these  insects,  or  even  attacked.  The  wdiite  ant  is  not, 
however,  the  only  troublesome  insect.  On  the  table  is 
an  instrument  to  which  a  swarm  of  bee-like  insects  of 
Nigeria  took  a  great  fancy  to  use  as  a  hive.  Their  entrance 
was  the  slot  of  the  switch-hook,  and  the  comb  formed  in 
the  interior  will  be  noticed.  The  comb  was  cleared  out 
many  times,  but  each  time  it  was  re-formed  by  the  insects, 
until  in  despair  the  engineer  had  the  whole  apparatus 
removed.  The  spider  is  a  real  pest  all  over  the  tropics  ;  it 
delights  to  retreat  into  the  telephone  case  and  to  build  for 
itself  a  nest  therein  ;  so  that  it  is  no  uncommon  experience 
to  find  instruments  entirely  liors  cic  combat  from  the 
diligent  work  of  this  insect. 

To  circumvent  the  insect  plague  it  is  essential  that  these 
telephone  cases  should  be  sealed  up  as  closely  as  possible. 
The  switch-hook  should  carry  a  brass  plate  which  keeps 
the  slot  in  which  the  arm  works  entirely  covered.  It  is 
also  desirable  to  have  no  terminals  above  the  instrument, 
but  to  take  the  conductors  through  holes  into  the  case  and 
seal  up  these  holes.  Besides  this,  the  internal  wiring 
should  be  made  as  simple  as  possible  ;  the  wires  must 
not  be  bunched  together,  but  well  stapled  to  the  body 
of  the  instrument  in  separate  ways.  It  is  generally  found 
that  enamel  insulation  with  a  silk  covering  is  very  suitable, 
though,  as  will  be  seen  later  on,  enamel  insulation  does  not 
always  give  satisfaction. 

How  many  engineers  in  this  room  would  dream  that  in 
a  tropical  climate  the  ebonite  sheath  of  a  receiver  would 
become  soft  and  pliable  ?  Yet  on  this  table  there  is  a 
receiver  from  the  West  Indies  the  sheath  of  which  was 
softened  with  the  heat,  and  when  clasped  behaved  like 
"  plasticine."  Many  others  did  exactly  the  same.  Of 
course  this  is  easily  remedied  by  using  blocked  brass 
sheaths  covered  with  enamel ;  but  one  only  learns  such 
things  by  experience.  In  another  tropical  country  a  lot  of 
trouble  was  caused  by  the  insulating  block  which  carried 
the  contact  springs  in  a  capsule  transmitter  of  a  micro- 
telephone  being  warped  by  the  damp  heat,  so  that  both 
springs  touched  the  metal  case  of  the  capsule  and  short- 
circuited  the  microphone. 

Happily,  in  most  of  the  tropics  the  faults  in  the 
subscribers'  instruments  caused  by  lightning  are  very 
few,  and  so  long  as  the  engineer  takes  the  precaution 
to  fix  the  lightning  protector  at  the  point  where  the  wires 
enter  the  house  little  trouble  need  be  feared.  Where  the 
casual  custom  of  fixing  them  near  the  instrument  is 
followed  it  is  not  uncommon — as  at  least  one  engineer 
learnt  to  his  cost — for  the  building  to  be  set  on  fire. 
Until  the  protectors  were  fitted  to  the  eaves  of  the  roofs 
outside  the  building  walls,  the  telegraph  offices  in  Northern 
Nigeria  were  repeatedly  burned  down  through  lightning. 

The  only  other  trouble  hkely  to  be  experienced  with  the 
subscriber's   instrument   is   that  due  to  maltreatment  by 


the  subscriber  himself.  It  may  be  said  that  the  same 
trouble  is  equally  prevalent  here,  but  the  author  doubts 
whctlier  it  is  quite  so  bad.  The  tropical  climate  is  not 
conducive  to  an  equable  temper.  People  naturally  get 
irritable,  especially  if  tliey  have  lived  in  that  trying  climate 
for  some  years.  Even  in  this  country  the  vagaries  of  the 
telephone  cause  occasional  outbursts  ;  there  it  is  far  worse, 
especially  as  the  subscribers  know  that  the  operators  at 
the  exchange  are  usually  of  a  lower  race  not  possessed 
of  much  mental  power.  Moreover,  the  instrument  is 
largely  used  by  their  boys — i.e.  native  servants — and  that 
practice  accounts  for  many  faults.  Nevertlicless,  the  most 
absurd  fault  that  the  author  lias  ever  heard  of  was  due 
entirely  to  the  stupidity  of  a  white  man.  This  man,  the 
owner  of  a  large  rubber  estate,  complained  bitterly  time 
after  time  of  his  instrument  ;  the  native  inspector  was 
constantly  in  the  house  tampering  with  it,  without  much 
success.  Finally  the  engineer  himself  went  to  see  the 
instrument  and  discovered  that  this  ingenious  subscriber 
was  in  the  habit  of  using  the  mouthpiece  of  his  micro- 
telephone,  which  hung  from  a  wall-instrument  by  his  desk, 
as  a  cigarette  ash  tray.  In  fact  the  microphone  was  full 
of  tobacco  ash. 

The  late  Sir  William  Preece  often  asserted  that  nine- 
tenths  of  telephone  troubles  were  due  to  the  ignorance 
of  the  subscriber.  The  author  is  sure  that  the  tropical 
engineer  would  heartily  agree. 

Exchange  Switchboard. 

There  has  been,  for  some  years  past,  very  considerable 
discussion  concerning  the  question  of  what  type  of  board 
should  be  used  in  the  tropics  ;  and  until  lately  the  craving 
of  the  tropical  engineer  was  to  have  thenp-to-date  central- 
battery  system.  There  is  at  present  a  tendency  to  progress 
even  beyond  this  and  make  a  demand  for  an  automatic 
system.  From  many  points  of  view  either  of  these  systems 
would  be  a  considerable  boon  to  all  concerned.  Tliere  is, 
however,  one  obstacle  in  the  way,  which  in  the  author's 
opinion  is  at  present  insuperable.  This  hindrance  he  pro- 
poses to  deal  with  more  in  detail  in  connection  with 
line  faults  ;  but  he  can  say  here  that  the  maintenance 
of  really  satisfactory  insulation  on  overhead  lines  is 
almost  impossible  in  the  tropics,  and  if  with  this  poor 
insulation  a  pressure  of  24  or  40  volts  was  applied  to  the 
line,  even  moderately  fair  working  of  the  system  would  be 
extremely  doubtful.  The  author  has  therefore  set  himself 
strongly  against  the  central-battery  board,  unless  a  Govern- 
ment is  prepared  to  place  the  whole  system  underground — 
which  is  usually  prohibitive  in  cost  seeing  that  some  of  the 
subscribers'  premises  are  perhaps  20  miles  or  more  from 
the  exchange.  At  Port  of  Spain,  Trinidad,  there  is  a 
central-battery  system ;  it  was  installed  by  a  company, 
but  they  do  not  find  it  satisfactory,  and  they  have  had  to 
connect  the  distant  suburban  and  country  subscribers 
to  a  separate  magneto  board. 

Now  if  this  is  the  case  with  a  central  battery,  what 
chance  is  there  of  satisfactorily  maintaining  an  automatic 
system  ?  Not  only  are  we  to  expect  insulation  troubles 
with  the  high  pressure  on  the  lines,  but  there  are  also  the 
somewhat  intricate  selectors  and  pre-selectors  and  other 
apparatus  which  would  have  to  work  in  a  climate  capable 
of  causing  trouble  even  in  a  simple  magneto  system.  In 
Havana,  Cuba,  an  automatic  system  is  working  and  appar- 
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One  other  most  trying  and  frequent  worry  in  an  ex- 
change is  the  objection  that  subscribers  have  to  "ringing 
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Fig.  I  shows  the  arrangement.  A  small  lamp  and  clear- 
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create  a  disturbance  with  the  subscriber  or  cause  much 
inconvenience.  In  fact,  it  would  only  act  as  a  warning 
to  the  staff  that  the  line  requires  attention.  Besides,  it  is 
unlikely  that  both  lines  of  two  subscribers  connected 
through  to  each  other  would  have  a  low  insulation 
resistance,  and  the  fact  of  the  clearing  signal  being  given 
on  one  cord  only  would  call  llic  opcratoi's  attention  to  the 
connection. 

Line. 

The  normal  type  of  overhead  construction  now  em- 
ployed in  most  tropical  countries  is  fairly  well  standardized. 
The  poles  used  are  either  of  a  type  with  wrought-iron 
taper  tubes  and  cast-iron  bases,  or  of  the  Hamilton  type 
which  are  built  up  of  tubes  of  riveted  sheet  steel. 


more  troublesome  in  that,  whilst  the  clearing  away  of 
these  trees  would  be  of  very  great  assistance  in  keeping  up 
the  insulation  resistance,  the  high  cost  of  doing  this  in  most 
places,  and  the  reluctance  of  the  Government  and  the 
public  to  allow  this  work  to  be  carried  out  owing  to  their 
inability  to  realize  that  trees  can  interfere  with  the  working 
of  a  telephone  system,  hamper  the  engineer  from  taking 
the  only  real  measure  which  would  enable  him  to  reduce 
very  appreciably  this  fault. 

There  are  usually  in  the  towns  and  suburbs  rows  of 
trees  on  either  side  of  the  roads,  gorgeous  flowering  trees 
which  it  would  be  undoubtedly  a  pity  to  cut  down  or  even 
lop.  Here  underground  cables  would  obviate  the  trouble  ; 
or  in  some  places  where  the  liouses  are  low  it  is  possible 
to  erect  poles  between  and  run  wires  over  them  and  away 


To  line 


B,JB.K.  lling--bacli  key,  for  ring-ing'  on  the 
answering-  cord. 

G.S.K.  Generator  switching'  key,  for  changing' 
from  hand  to  power  g'enerator. 


1,000 


Hechanicdl 

restoring' 

indicator 


Night 
bel 


I    -ioo 

Resistance  to  be 
fitted  here  when 
a  rtiultipl 
insCdIled 


Power 
g'enerator 


.     Hand 
►generator 


-y-J  batterij 


400" 

Resistance  to  be 

fitted  here  when 

a  multiole  is  installed. 


ao-resistance  spool  to 
be  fitted  here  when  a 
multiple  is  installed. 

Fig.  I. — Circuits  for  Magneto  System  with  Generator  Calling  and  provided  with  Supervisory  Lamps  in  Exchange 

Cord  Circuit. 


In  most  parts  it  is  hopeless  to  use  wood  poles,  owing  t'o 
the  prevalence  of  white  ants,  which  in  a  very  few  years 
demolish  the  whole  of  the  interior  of  such  poles.  The 
arms,  on  the  other  hand,  are  fairly  often  of  this  material, 
for  the  white  ant  will  not  work  its  way  up  15  or  more 
feet  of  iron  tube  to  reach  these  arms,  and  in  some 
countries  most  excellent  hard  wood  is  obtainable  locally. 

Where  hard  wood  is  not  obtainable,  tubular  iron  arms 
are  employed.  These  arms  carry  6,  8,  or  12  Cordeaux 
porcelain  insulators,  mounted  on  iron  stalks.  Thus  the 
very  best  practice  is  followed,  and  the  lines  which  the 
author  has  seen  suffer  in  no  way  as  regards  workmanship 
and  finish  when  compared  with  lines  in  this  country.  Yet 
the  average  insulation  of  these  lines  is  very  low.  The 
atmosphere,  witli  a  humidity  of  80  or  90  per  cent,  naturally 
has  considerable  effect  in  reducing  the  insulation  resist- 
ance, as  is  the  case  here  in  times  of  damp  fog,  when  the 
humidity  is  about  the  same  as  the  normal  value  in  the 
tropics. 

A  more  troublesome  factor,  however,  is  the  vegetation, 


from  the  trees.  Outside  the  towns,  however,  the  roads 
run  through  dense  jungles  or  thick  plantations  of  rubber 
trees  or  coco-nut  palms.  Open  land  is  unknown  in  the 
tropics,  except  to  some  extent  in  districts  of  tea  planta- 
tions ;  though  not  always  there.  The  normal  clearing  for 
roads  is  60  feet,  but  in  practice  such  a  clearance  is  often 
not  maintained  or  even  made  ;  and  with  even  60  feet 
clearings  the  line  must  be  within  20  feet  of  the  trees  at 
the  best,  and  is  actually  often  less  than  10  feet.  These 
trees  vary  from  20  to  100  feet  in  height,  and  the  great 
majority  have  long  branches  or  big  leaves — such  as  the 
coco-nut  palms  or  the  feathery  branches  of  the  bamboo — 
so  that  unless  a  further  50  feet  clearance  is  made  on  the 
side  of  the  line  away  from  the  road,  and  properly  main- 
tained, contacts  and  breakages  due  to  falling  trees  must 
remain  almost  a  daily  experience. 

Unfortunately  it  is  not  only  the  expense  of  clearing 
which  has  to  be  considered  ;  that  of  keeping  down  the 
undergrowth  is  also  a  considerable  annual  charge.  On 
the   other  hand,   to  suggest  that  all  lines  should  be  laid 
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tion  ;  bul  to  the  author  it  appears  somewhat  dangerous  for 
the  pubhc  :  if  a  wire  were  to  break,  any  one  motoniiv; 
alon)>  that  road  miglit  be  caught  by  the  broken  end  jiuI 
thus  suffer  serious  damage. 

Another  line  trouble  that  the  tropical  engineer  is  bound 
to  experience  is  caused  by  insects.  This  M>unds  absurd, 
but  in  such  climates  Nature  is,  if  (tossible,  more  prolilic 
with  insect  life  tlian  with  vegetation,  and  »oiuc  insect 
groups  delight  in  making  their  homes  between  the  petti- 
coats of  insulators.  The  author  has  seen  an  insulator  so 
covered  with  a  spider's  nest  as  to  be  itself  invisible,  the 
base  of  the  nest  being  on  the  arm  and  the  apex  above  the 
insulator.  Of  course  this  was  an  extreme  case,  and  was 
on  a  line  which  ran  through  the  jungle  and  had  not  yet 
been  brought  into  use.  Such  insects  are,  however,  found 
throughout  the  tropics,  which  means  that  constant  atten- 
tion on  the  part  oi  tlic  linesmen  is  necessary  to  prevent 
the  insects  getting  such  a  hold  on  the  insulators.  It  is 
quite  Usual  to  lind,  formed  in  a  single  night,  webs  glisten- 


Telegraph  Kngineer  of  British  Guiana,  first  brought  to  the 

.uiihor's  noticv 
iii^uLilors.     Ill   ' 

street,  one   tlu  .    line   wiili   p<^>rceiaiii    . 

the  other  the  u.   _.  ,,ht  line  with  .America:; 

lators.     Here  the  in>cct  pest  only  lasts  for  a  laro 

in  the  year  ;  but,  when  it  comes,  the  porccia.::  .;.- iutors 
are  blocked  up  with  insects  and  their  webs,  whilst  the 
-  ,       ..        ■    .      .IS  ever.     'I' 

II    t'ob:<  ! 
I      \ 

are  nude  ol  glass.  I'he  ordinary  glass  insulator  is  more 
hygroscopic  tlian  porcelain  :  therefore  the  author  is  m- 
cliiied  to  think  that  if  oil  insulators  of  gla-kS  could  be  e.isily 
obtained,  considerable  improvement  in  the  insulation 
sliould  result. 

Ml.  J.  Sayers.  of  the   \' 
use  of  oil  insulators  on 
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between  Derby  and  St.  Pancras  was  most  efficacious, 
and  that  they  maintained  satisfactory  insulation  even  in 
the  worst  weather;  it  is  thus  possible  that  if  oil  insulators 
of  glass  which  would  not  attract  insects  were  used  in  the 
tropics  the  results  should  be  equally  advantageous.  Un- 
fortunately such  insulators  are  not  at  present  obtainable. 

Another  widespread  source  of  line  trouble  in  the  tropics 
is  lightning.  In  manv  places  thunderstorms  are  of  almost 
daily  occurrence  throughout  the  greater  part  of  the  year. 
In  certain  towns  a  single  storm  will  often  result  in  50  per 
cent  or  more  of  the  subscribers'  telephone  lines  being 
earthed  at  the  pole  boxes,  this  being  caused  by  the  strong 
discharges  through  the  protectors  to  earth,  which  carry  so 
much  carbon  dust  across  the  gap  as  to  place  the  two 
carbon  blocks  in  contact  ;  so  that  practically  after  every 
storm  a  number  of  linesmen  had  to  be  sent  to  all  those 
boxes  to  clean  the  protectors. 

This  trouble  can,  however,  be  cured  to  a  great  extent  by 
using  the  vacuum  tj'pe  of  protector,  in  which  the  two 
carbon  blocks  are  inserted  in  an  exhausted  glass  tube,  the 
opposite  surfaces  being  serrated  and  fixed  about  1/16  inch 
apart.  These  protectors  are  now  used  to  a  considerable 
extent  by  Mr.  Cadman  in  the  Malay  States,  and  are,  the 
author  believes,  found  to  be  quite  satisfactory.  Occasion- 
ally an  extra  heavy  discharge  will  burst  the  tube,  but  they 
are  very  easily  replaced.  This  possibility,  however,  makes 
it  essential  that  fuses  shall  also  be  inserted,  for  if  a  dis- 
charge were  so  heavj-  as  to  burst  the  protector,  the  line 
would  be  no  longer  protected  and  a  subsequent  discharge 
might  damage  the  cable  seriously. 

The  one  disadvantage  of  these  protectors  was  their  size, 
which  involved  the  use  of  a  very  large  pole  box,  even  for 
25  lines  ;  but  a  new  type  of  box  designed  early  this  year 
has  practically  solved  this  difficulty.  This  box  is  shown 
in  Fig.  2.  The  protectors  are  arranged  in  two  vertical 
rows  on  either  side  of  a  long  and  narrow  chamber,  which 
holds  the  fanned-out  conductors  of  the  underground 
cable  and  can  be  filled  up  with  bitumen.  Fuses  are 
arranged  behind  the  protectors  at  the  back  of  the  box, 
and  a  double  sheet-iron  cover  encloses  the  whole  box. 
From  the  top  a  wrought-iron  pipe  goes  up  the  pole, 
carrying  the  leading-out  wires,  which  latter  are  in- 
variably twin-conductor  lead-covered  cables,  each  twin 
terminating,  in  accordance  with  the  British  Post 
Office  practice,  in  two  Purves  and  Sinnot  terminal  in- 
sulators. These  insulators,  owing  to  their  covered-in  and 
bitumen-filled  jointing  chambers,  are  found  to  give  very 
great  satisfaction.  Altogether  this  makes  a  well-enclosed 
compact  system  for  these  distributing  poles,  with  good 
lightning  protection  and  satisfactory  insulation.  It  is  a 
general  rule  not  to  distribute  more  than  25  subscribers' 
lines  from  one  pole.  Occasionally,  however,  when  lines 
are  distributed  from!  one  pole  in  two  different  directions, 
this  pole  may  serve  50  subscribers'  lines,  i.e.  100  conduc- 
tors. The  pole  box  in  this  case  is  somewhat  large,  but 
once  it  is  fixed  it  is  quite  satisfactory,  and  it  does  not 
weigh  more  than  100  lb. 

.\  letter  from  Mr.  Sayers,  of  the  Midland  Railway,  pub- 
lished in  the  Electrician  last  October*  dealt  with  the  sub- 
ject of  lightning  protection,  and  described  a  method  of 
guarding  a  line  of  wires  from  lightning  by  erecting  an 
earthed  hne  along  the  tops  of  the  poles.  This  practice  has 
*  EUclrician,  vol.  74,  p.  55,  1914. 


been  applied  to  electric  light  and  power  lines  for  some 
years,  but  the  author  believes  that  though  the  suggestion 
had  been  made  before,  Mr.  Sayers  was  the  first  to  test  this 
method  on  telegraph  or  telephone  lines.  An  iron  wire  is 
stapled  to  the  tops  of  the  poles,  and  also  connected  to  their 
earth-wires.  At  each  end  it  terminates  in  an  earth-plate. 
This  arrangement  liiis  been  found  most  effective  in  guard- 
ing the  lines  from  lightning.  The  author  would  therefore 
like  to  call  the  attention  of  all  engineers  in  the  tropics 
to  this  arrangement,  and  to  suggest  that  they  should  try 
this  earthed  wire  on  their  telephone  lines. 

For  underground  work  in  the  tropics  tlie  usual  practice 
is  to  use  armoured  lead-covered  air-space  cables  terminat- 
ing in  boxes  on  distribution  poles,  and  hitherto  the  engi- 
neers have  followed  the  British  Post  Office  practice  of 
making  the  joints  so  that  dry  air  can  be  periodically 
pumped  through.  The  author  is  inclined  to  think  that  this 
is  a  mistake,  and  that  the  American  solid  joint  would  give 
much  less  trouble.  If  the  cable  is  well  sealed  with 
paraffin  wax  immediately  it  is  opened  for  jointing,  the 
damp  could  not  enter  it  unless  the  lead  covering  was 
damaged.  If  such  an  accident  did  happen,  the  length 
would  have  to  be  replaced.  Exactly  the  .same  result 
must,  however,  occur  if  the  practice  is  to  employ  open 
joints  and  dry  air  pumping.  Once  the  damp  has  the 
chance  of  entering  a  cable  in  the  tropics,  no  amount  of 
pumping  will  drive  it  out  completely,  and  the  length  must 
be  replaced  without  much  delay.  Of  course  the  use  of  the 
pump  might  keep  the  damaged  cable  going  to  some  extent 
for  a  week  or  so  ;  but,  on  the  other  hand,  the  accident 
might  very  well  cause  a  reduction  in  the  insulation  of  the 
whole  system,  for  until  the  hole  is  repaired  the  damp  can 
enter  the  cable,  and  damp  works  through  a  long  length 
in  a  very  short  time.  It  must  be  remembered  that  with 
native  workmen  it  is  not  always  easy  to  learn  of  the  acci- 
dent until  some  time  has  passed.  Another  thing  is  that 
with  the  British  Post  Office  system  the  various  tapped  and 
plugged  holes  at  different  points  of  the  underground 
system,  for  pumping  in  air,  are  all  possible  inlets  for 
the   damp. 

Armoured  lead-covered  cables  are  normally  very  free 
from  faults,  except  those  due  to  damage  caused  by  men 
working  on  the  roads.  There  is  in  Shanghai  a  curious 
flying  insect  which  is  able  to  bore  holes  in  which  to  lay  its 
eggs  in  the  lead  covering  of  overhead  cables,  but  the  author 
knows  of  no  case  in  a  tropical  country  where  an  insect  has 
damaged  an  armoured  lead-covered  cable,  or  where  the 
damp  has  caused  faults  if  the  joints  are  securely  protected. 
In  low-lying  water-logged  soil  it  has  been  found  desirable 
to  lay  the  cables  in  troughs  filled  with  bitumen,  but  other- 
wise armoured  lead-covered  cable  gives  extremely  little 
trouble. 

Staff. 

The  last  trouble  peculiar  to  the  tropics  to  which  the 
author  wishes  to  refer  to-night  concerns  the  local  staff.  It 
would  obviously  be  far  too  expensive  to  obtain  from 
England  not  only  engineers,  but  inspectors,  foremen,  and 
linesmen.  For,  speaking  generally,  no  white  man  can  live 
in  the  tropics — with  any  pretension  to  comfort — -on  less 
than  ;£25o  per  annum  ;  and  in  countries  where  the  men 
have  to  pay  for  their  voyages  home  and  back  when  leave 
is  granted,   they   should   receive  about  ;£300  per  annum, 
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.  I>liuii  ol    cr>|H>nMl>ililv,  nui  tuw  iIiom;  uIiu 

Tliua  lli> 
'     iff    ll>< 


iiii.linrti   !>'   In  . 

who  have  iiu  |x.>wcr  ot  oontrulliii^  ttioc  liiicMiicd,  and  whu 
arc  equally  rr^tdy  lo  Uack  :  whilM  iii  Ihc  iiiji..iii\  ..i  ilir 
Iropicai  «x>lonie»  the  Chief   Kii^iiicer  it  It 

.'  4>M«tanI»  to  allow  o(  proper  su|h:im-i'ii  ui  m 
.11. 
J. 
uni\ . 

lit    a    iNa:  1-ui     as    llic 

I     ^        :    a  A  %uIk  l'0!ital    l>epart- 

nieni,  he  naturally  ranks  with  postal  subordinate  officer- 
although  the  whole  responsitMlity  of  the  maintenance  aiKl 
eitensioii    of    the   telephone    and    telegraph    systems    of 
11  his  shoulders.     This  may  be  a  very 
■v.  seeing  that  the  Government  control 
Ills  very  i 
..liandtcU, 
In  I  «.■  ol  liiis  practice,  the  Kiigincci  >  - 

eveiN  --         .\cr  than  It  should  be.     Further,  us  In 
officer  and  the  heads  of  Uie  Uoveriunent  arc  very  rare!'' 

Iech;v    • ■  they  arc  unable,  in  many  cases,  to  appreciate 

the  V  of  the  Engineer's  proposals,  nor  do  they 

iiice  of  allowing  the  Chief  Engineer  a 
I  trained  assistants,  or,  often,  ol  grant- 
ing; ic^sunal>l<:   salaries. 
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llial  il  he  ).' 
health,  gri  J ; 

'  >   give    up   all   hopes   ul    biiiigiiig    up  hi%   umh  children. 

'    '-'Iv    for    these     tiupiLal     culuiiies     tlicic     arc     certain 

'ages,  oi    lalhei   atlra^.timis   there,  aitd  the   Bntistier 

-       If   this  were  ool  the 
.iiiablr. 

lilC.>Ulilui      llupCS     litut     Ii>i9     )'.*i 

ferl  that  the  tropical  eii^incci,  Ij. 

deserves  our  sympathy  and  also  ibc 

, ^sjon  for  the   way  in  which  he  su ihi* 

trying  work,  though  almost  invariably  underrated,  under- 
paid, and  overworked. 

As  has  been  already  pointed  out.  this  paper  deals  entirely 
.Mth  wlut  is  called   "weak  cir 
«lrong  current     ciijjinrcr  •■' 
'.lablc   c>T 
very   sin. 
iiion,   lightning,  and   nu  ilso 

-V :;mes  feeling  the  pinch  d;..   ,,   ... ; i  for 

the  senior  officials.     The  author  thcrcfurc  hope«  that  the 
statements  in   tins   paper  .  c  ol  interest  lo   power 

engineers   although   it   li.  a  lorm  of  engineering 

with  which  they  are  not  usually  as»octated. 
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Mr   John   Gavey  :  I    have   no   first-hand  knowledc       f 
telephone   troubles  in    the    Iropics,  but  1   have  had 

L-   of    Ihc    dilficulties    that    arise    in    sub-tro)n>.al 

I  say  between  30  degrees  and  40  degrees  South 

latitude,   corresponding   roughly   with    the    littoral   of    the 

Mediterranean.     In  that  district  very  frequent  and  heavy 

storms  occur,  termed  pamperos,  storms  which  arise  on  the 

pampas  to  the  east  of  the  Andes,  sweep  right  across  the 

country    and  destroy   everything    en    rouU.      Fortunately 

c   a  front   not   niucli   exceeding  half  a  mile,  and 

they  very  ctfcclively  destroy  everything  on  that 

>    does    not    involve    extensive    repairs    like    the 

m   this   country.      The    best    way   of    restoring 

communication  quickly  when  heavy  lines  are  concerned 

is  to   provide  a   supply  of    "interruption  cables,     which 

can  be  dispatched  from  the  depot  without  delay.     Among 

the  minor  troubles  there  is  one  caused  by  a  bird  termed 

the   hornero.    anglue    "  baker, '    which    uses    the    native 

alluvial    soil   to   build   a   nest   (a   sisecimen   of    which    i 

on    the    table)    on    the     arms    of     the    telephone    pole- 

between  the   wires,  the  result  being  that  in  wet  wealhei 

thoe   wires  arc  short-circuited.     That   difficultv  is  over- 


Ncituai  wires  iciwecn  the  arms  :  thus  *•  H*» 


otne  by  runnin 

:  the  bird  attempts  to  build  round  these  vertical  t»ues 
it  obslfucls  the  entrance  tw 
instinct  leache>  it  lo  :<vi>id.  Ai. 
1-.  Iliat  due  '  >.      In  this  ca>e  it  i 

Irom  the  >(  ,  in  the  (setticoatsoi  ; 

but  from  an  entirely  different  reason.  It  appears  that  oo 
the  pampas  there  are  innumerable  millions  of  spiders  of  a 
vciy  Mii.ill  type  that  breed  in  the  grass.  As  soon  as  they 
come    to    life    t'  "      ..    '      which    1' 

larrics  acrosi  1!  ^  are  so  1 

1  .  . 

and  >.  iits.     1  he  trouble  is  s^ 

some         -    -       ..^  of  the  Argentine  Go\i. . 

actually  suggested  that  men  should  l>e  employed  to  sweep 
away  these  webs  from  the  wires.  It  con  be  imagined  what 
It  would  mean  to  sweep  i.ooo  miles  of  line  twice  a  year. 
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mains    naluioil)     lu. 
thickly    populated    j 
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Sir  John       spiders  do  not  propagate  as  they  do  on  the  pampas.    I, 
Oiny.  ^j,g  interested  in  the  author's  remarks  as  to  the  perforation 

of  lead  cables.  Some  time  ago  I  had  to  go  into  this 
question  and  I  found  that  the  lirst  mention  of  the  subject 
was  by  Mr.  John  Hcsketh,  the  electrical  engineer  to  the 
Australian  Government,  in  a  communication  *  to  the  St. 
Louis  Congress  in  1904.  He  there  described  live  species 
of  bugs  or  beetles  wliich  perforated  lead  cables.  I  came 
across  certain  specimens  in  Buenos  Aires  between  1908 
and  1910,  and  I  propose  to  show  on  the  screen  a  largely 
magnified  illustration  of  the  perforation.  The  photograph 
undoubtedly  proves  that  the  author's  suggestion  is  correct, 
viz.  that  these  beetles  perforate  the  lead  in  order  to  lav 
their  eggs  in  the  perforation  and  not  for  gastronomic 
purposes.  In  the  second  slide  the  opening  where  the 
vertical  perforation  took  place,  and  the  interior  longi- 
tudinal cavity  can  be  most  distinctly  seen.  The  actual 
specimens  from  which  these  photographs  were  taken  are 
on  the  table.  In  my  investigations  some  question  arose 
as  to  whether  termites  perforate  lead.  The  two  cases  that' 
came  to  my  knowledge  were  doubtful.  One  case  related 
to  a  series  of  gutta-percha  cables  covered  with  lead.  The 
lead  was  not  continuous,  and  the  termites  evidently 
entered  where  the  lead  covering  had  not  been  made  good. 
The  second  case  was  also  doubtful.  The  termite  was  not 
discovered,  and  it  was  considered  responsible  for  the  damage 
merely  because  the  perforation  appeared  to  represent  the 
type  of  hole  that  a  termite  would  make.  I  think  in  that 
case  the  verdict  must  be  that  the  charge  was  "  not 
proven."  I  observe  that  the  author  is  in  favour  of  solid 
joints  in  lead-covered  cables,  i.e.  filling  the  joints  with 
an  insulating  compound.  Opinion  is  rather  divided  on 
that  point.  In  the  United  States  the  joints  are  universally 
filled  with  compound.  In  England  we  have  not  done  so, 
nor  in  South  .-America.  My  reason  for  not  quite  approving 
of  the  filling  of  the  joint  is  that  it  is  almost  impossible  to 
get  an  insulating  material  to  expand  and  contract  in  unison 
with  the  e.\pansion  and  contraction  of  the  lead.  As  soon 
as  a  perforation  occurs  in  the  joint  I  am  afraid  that  the 
moisture  will  find  its  way  through  to  the  wires  by  capillary 
attraction  along  the  narrow  interstice  between  the  insulat- 
ing material  and  the  lead.  In  connection  with  staff 
matters  I  am  glad  to  say  that  we  do  not  experience  much 
trouble.  We  find  no  difficulty  in  getting  supervisors,  and 
the  one  trouble  that  we  suffer  from  in  South  America 
is  the  loquacity  of  the  people.  The  public  will  exchange 
compHments  with  the  operators,  such  exchange  of  compli- 
ments considerably  delaying  the  putting  through  of 
the  calls.  We  are  using  our  best  endeavours  to  induce 
the  people  to  adopt  the  Anglo-Saxon  taciturnity  in  deahng 
with  telephones.  We  have  achieved  a  little  success,  and  I 
hope  we  shall  get  a  little  more. 
Mr.  Cook.  Mr.  W.  W.  Cook  :  The  author  has  chosen  a  very  inter- 
esting subject  for  his  paper,  but  I  think  we  were  entitled 
to  look  to  him  for  a  little  more  serious  treatment  of  it. 
Some  good,  no  doubt,  will  result  from  discussing  the  details 
of  construction  mentioned  in  the  paper,  but  I  think  still 
better  results  would  have  been  obtained  if  he  had  spent 
more  time  in  setting  out  the  operating  conditions  of  the 
apparatus  which  he  is  considering.      It  is  very  difficult, 

•  G.  Hesketh.  a  new  danger  to  lead-covered  aerial  telephone 
cables.  Transactions  of  tlie  InUt  national  Electrical  Congress  at  St.  Louis, 
vol.  3,  p.  438,  :904. 


for  instance,  to  discuss  the  relative  merits  of  common  Mr.  co 
battery,  local  battery,  and  automatic  working  if  we  are 
given  no  information  as  to  the  size  of  tlie  place  under 
consideration.  There  are  some  indications  in  the  paper 
that  the  author  is  chicily  thinking  of  comparatively  small 
and  isolated  systems,  but  if  he  has  to  deal  with  a  large 
installation  in  the  tropics  I  think  he  will  find  the  mainten- 
ance of  his  attitude  towards  the  central-battery  system 
as  difficult  as  that  of  some  of  the  overhead  lines  mentioned 
in  the  paper.  It  is  somewhat  surprising  to  hear  an 
engineer  say  that  he  has  "set  himself  strongly  against 
the  common-battery  system"  unless  all  the  lines  are  put 
underground.  It  reminds  me  of  the  time,  probably  some 
15  years  ago,  when  it  was  gravely  asserted  that  the  system 
could  not  be  applied  to  London  on  account  of  the  number 
of  overhead  hues.  Almost  any  kind  of  system  will  give 
some  sort  of  service  on  a  small  scale,  but  I  think  the 
system  to  which  the  author  pins  his  faith  is  quite  unsound. 
No  satisfactory  service  can  be  given  in  a  place  of  any 
importance  when  the  insulation  of  the  lines  is  so  low  that 
the  standard  common-battery  circuits  cannot  be  used,  and 
nothing  but  harm  can  result  by  shutting  one's  eyes  to 
the  real  facts.  Another  aspect  of  the  paper  on  which 
I  think  the  author  lays  himself  open  to  criticism  is  on 
the  traffic  side.  There  are  very  brief  references  to  traffic 
but  they  are  rather  significant.  On  page  547  he  says  that 
some  opinion  as  to  the  operators'  ability  can  be  formed 
from  the  fact  that  they  can  only  attend  to  from  60  to  80 
lines.  He  gives  no  information  as  to  the  calling  rate  at 
all,  and  therefore  we  cannot  draw  any  real  conclusions. 
In  two  cases  that  came  under  my  notice  recently  the 
calling  rates  were  10  and  2J  per  line  per  day  respectively. 
An  equal  number  of  subscribers  in  those  cases  would  have 
given  loads  in  the  ratio  of  4  to  i.  Perhaps  the  author 
can  give  us  the  number  of  unit  calls  answered  in  an  hour, 
and  also  some  idea  of  the  unit  call  adopted.  At  the  top 
of  page  548  he  does  not  seem  to  mind  whether  the  operator 
receives  one  supervisory  signal  or  two,  and  I  noticed  that 
in  explaining  the  diagram  he  referred  to  those  supervisory 
signals  as  clearing  signals.  Of  course  that  is  only  one 
of  their  functions.  The  author  is  not  quite  correct  in 
stating  that  Mahommedan  women  cannot  act  as  operators, 
and  I  have  a  slide  here  showing  some  Mahommedan 
women  operators  at  work.  I  have  also  seen  some  very 
good  half-caste  operators,  and  I  do  not  think  it  pays  to 
be  pessimistic  on  the  question  of  native  labour.  A  great 
deal  can  be  done  by  training.  With  regard  to  line  con- 
struction, in  the  centres  of  large  towns  underground  work 
of  course  pays,  and  generally  in  undeveloped  places  the 
low  excavation  and  reinstatement  costs  enable  us  to  place 
cables  underground  with  a  smaller  number  of  conductors 
than  would  be  justified  otherwise.  The  same  reasons 
that  lead  to  the  adoption  of  conduits  in  this  country  seem 
to  apply  equally  well  in  other  places  and  I  should  have 
thought  that  there  would  have  been  very  few  cases  in 
which  armoured  cable  laid  direct  in  the  ground  would 
have  proved  economical.  I  was  rather  glad  to  see  the 
author's  remarks  about  the  filled  joint.  I  am  sorry  to 
differ  from  Sir  John  Gavey,  but  I  consider  that  a  great 
deal  of  money  has  often  been  wasted  by  pumping  through 
cables  to  clear  faults  which  would  not  have  occurred  if 
the  joints  had  been  filled.  There  is  very  little  mention 
in  tlie  paper  about  overhead  cables — a  class  of  construe- 
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obtained  by  simply  looking  al  ilieiii.  A  lar^c  number 
ot  records  tor  this  country  were  given  in  a  paper  "^  read 
before  the  Meteorological  Society.  For  Scarborough  the 
mean  montlily  average  taken  over  a  period  ot  jo  years 
is  given  as  K4  per  cent.  The  maximum  was  (>i  per  cent 
iiimum  78  per  cent.  On  the  face 
10  be  almost  as  had  as  the  cases 
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drop  of  temperature),  and  partly  to  the  steady  persistence 
of  these  conditions. 
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Mr.  Sllngo.  breakable  insulator,  its  base  being  of  asbestos.  We  arc 
bfjjinning  to  make  them  in  this  country  now  for  the  reason 
that  1  liave  just  stated.  It  has  non-hygroscopic  and  good 
insulating  properties,  and  it  cannot  he  broken  by  a  stone 
or  a  bullet.  Tlic  Post  Office  experience  with  oil  insulators 
lias  not  been  satisfactory.  Some  were  tried  on  a  line  in 
an  exposed  position  on  the  north-east  coast  of  Scotland 
where  the  oil  was  blown  out  during  high  winds.  It  is 
possible  that  the  design  of  the  insulator  w.as  at  fault.  If 
the  author  of  the  paper  makes  any  further  experiments  in 
this  direction  I  would  suggest  that  he  try  a  heavy  green 
oil  such  as  is  used  for  creosoting  wood,  but  free  from 
phenols  and  acids.  This  oil  is  a  powerful  antiseptic  and 
would  assist  in  overcoming  the  insect  difficulty.  Another 
suggestion  I  would  make  for  extreme  conditions  is  to 
serve  the  line  wire  where  it  is  bound  to  the  insulator  with 
adhesive  insulating  tape,  painted  with  weatlierproof  in- 
sulating paint,  the  served  wire  being  bound  in  with 
insulated  wire.  Probabh'  a  more  effective  method  would 
be  to  insert  say  two  or  three  feet  of  weatherproof 
insulated  wire  at  this  point  and  connect  up  tlie  bare 
wire  at  each  end  by  means  of  copper  jointing  sleeves. 
In  some  parts  of  South  America  it  has  been  found 
necessary  to  use  continuously-insulated  wire  through- 
out in  order  to  overcome  the  trouble  due  to  spiders'  ' 
webs.  In  the  matter  of  lightning  protection,  even  with 
our  comparatively  tame  English  thunderstorms,  it  has  been 
found  essential  that  the  arresters  should  be  placed  as  near 
as  possible  to  the  point  of  entry  of  wires  into  a  building, 
and  this  practice  is  insisted  on  in  the  Post  Office  regula- 
tions. The  choking-back  effect  of  a  length  of  internal 
wiring  between  the  arrester  and  the  telegraph  or  telephone 
instrument  is  a  valuable  aid  to  the  efficient  action  of  the 
protector.  The  auxiliary  protection  of  a  fuse  in  the  line 
circuit,  which  the  author  mentions  near  the  end  of  his 
paper,  no  doubt  reduces  danger  in  the  case  of  a  protracted 
thunderstorm,  where  the  wire  is  subjected  to  repeated 
lightning  strokes,  but  it  must  not  be  forgotten  that  the  dis- 
charge which  actually  blows  the  fuse  has  in  every  case 
found  its  way  to  earth  somewhere  on  the  internal  side,  and 
has  damaged  the  cabling  or  the  instrument,  and  carried 
with  it  the  potentialities  of  conflagration.  For  this  reason 
I  cannot  accept  a  fuse  as  in  any  sense  a  substitute  for  a 
lightning  protector,  and,  where  danger  is  considerable,  I' 
think  it  is  the  best  practice  to  build  up  the  efficiency  of  the 
protector  proper  b)'  making  it  include  two  or  more  spark- 
gaps  separated  by  small  and  strongl)'  insulated  inductance 
coils  which  serve,  as  one  m.ay  say,  to  chop  up  the  high- 
voltage  waves,  and  greatlv  increase  the  probability  that 
they  will  be  caught  by  one  or  other  of  the  spark-gaps  at  or 
near  a  point  of  maximum  intensity.  I  should  like  to  ask 
whether  the  author  has  tried  protectors  of  the  hermetically 
sealed  copper-tube  type,  as  they  are  not  so  liable  to  break 
down  as  the  type  in  general  use.  It  would  be  well  to  fit 
them  in  a  box  on  the  next  pole  to  the  leading-in  pole,  the 
protectors  being  connected  to  the  lines  by  strongly  insulated 
leads.  It  is  of  great  importance  that  the  wires  used  for 
leading-in  or  for  connecting  paper-core  cables  to  aerial  lines 
should  be  insulated  with  a  good  dielectric.  The  insulation  of 
the  wires  now  used  for  this  purpose  by  the  Post  Office  will 
stand  a  pressure  of  over  5,000  volts.  The  strong  dielectric 
helps  to  absorb  the  energy  of  the  lightning  discharge.  In 
this   connection   the   experience   of   the    Newcastle-upon- 
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Tyne  Electric  Supply  Co.'s  system  of  aerial  high-tension  Mr.  Sllnj 
work  (see  discussion  on  Mr.  Welbourn's  paper  above 
referred  to)  is  instructive.  There  is  one  other  point  which 
I  should  like  to  mention.  An  automatic  exchange  has 
been  erected  at  Simla,  and  before  it  was  completed  an 
order  was  given  for  an  extension.  The  following  is  an 
extract  from  an  official  report  upon  that  exchange  in  the 
year  1913-14.  "  An  automatic  tercphone  exchange  with 
700  lines  was  successfully  installed  at  Simla  and  has  proved 
very  popular,  the  public  finding  it  more  rapid,  efficient, 
and  reliable  than  the  old  system."  That  is,  I  think,  a  very 
good  testimony.  I  am  very  glad  that  this  subject  has  been 
introduced,  and  I  hope  that  this  is  the  first  of  a  number  of 
papers  dealing  with  it,  because  I  am  sure  that  the  ventila- 
tion of  a  problem  like  this  must  be  to  the  benefit  of  all 
telephone  engineers. 

Mr.  J.  E.  Kingsbury  :  I  should  like  to  repeat  the  Mr^_ 
remarks  of  Mr.  Slingo  in  regard  to  the  great  advantage  of 
a  paper  of  this  practical  nature  which  gives  the  manu- 
facturer at  home  some  direct  information  regarding  tlic 
climatic  and  other  conditions  wliich  his  apparatus  has 
to  meet.  So  far  as  telephone  apparatus  is  concerned,  we 
were  given  some  of  the  results  of  tropical  experience  at 
quite  an  early  stage.  I  recall  that  the  magneto  as  manu- 
factured for  European  use  was  modified  as  the  result 
of  tropical  experience.  Some  of  the  early  American 
magnetos  which  then  contained  a  number  of  iron  castings 
were  sent  to  somewhere  in  the  East.  Fortunately  a 
representative  of  the  manufacturer  was  on  the  ground  and 
saw  them  unpacked  ;  the  result  was  that  any  part  of 
the  instrument  that  could  be  made  of  brass  or  anything 
but  iron  was  so  made  thereafter.  Some  friends  in  the 
tropics  wanted  us  to  make  the  magnets  of  brass  also  ! 
I  am  sorry  to  hear  the  results  that  have  been  obtained 
with  enamelled  wire,  because  I  was  in  hopes  that  enamel- 
ling had  got  over  one  of  the  difficulties  which  had  been 
found  with  so  many  other  substances.  Insects  are  not 
only  troublesome  in  insulators.  We  had  trouble  with  a 
multiple  switchboard  cable  and  the  cause  could  not  be 
discovered  for  quite  a  long  time.  Eventually  it  was  found 
that  moths  had  made  their  home  in  the  wool  covering  of 
the  wires.  I  was  in  hopes  that  enamelling  would  enable 
that  trouble  to  be  overcome,  and  from  what  the  author 
tells  us  I  am  still  in  hopes  that  it  will  do  so  in  the  case 
of  the  comparatively  large  wire  of  which  the  cable  is 
composed,  although  it  does  not  appear  to  be  free  from 
trouble  in  the  smaller  wire.  On  the  subject  of  cable 
joints  I  am  in  somewhat  of  a  dilemma,  for  I  must  dis- 
agree with  either  the  author  or  Sir  John  Gavoy.  It 
will  have  to  be  with  Sir  John  Gavey,  for  I  confess  that 
the  author's  remarks  on  the  sulijcct  of  solid  joints  seem 
to  me  to  have  a  substantial  foundation.  The  air  drying- 
out  system  is  rather  a  luxury.  I  can  quite  conceive 
that  it  may  be  very  much  better  to  have  a  solid  joint, 
because  it  has  been  clearly  proved  that  that  is  where 
protection  is  required.  It  must  be  remembered  that  the 
solid  joint  is  practically  one  of  theliuksin  the  development 
of  the  completely  dry-core  cable.  Previously  the  cable 
was  filled  throughout  its  entire  length.  It  was  then 
decided  after  very  careful  consideration  that  the  point  of 
danger  in  a  lead-covered  cable  was  at  the  joint,  and  in 
a  draw-in  system  the  cable  was  not  subjected  to  any 
trouble  except  at  that  point.     It  may  be  assumed  that  in 
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insulation  trouble.  This  in  tropical  countries  is  not  due 
merely  to  heat  but  to  the  combination  of  heal  with 
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of  the  sort  that  the  author  has  referred  to  have  not  been 
experienced.  In  those  trying  conditions  many  features 
of  home-engineering  practice  are  «)uile  unsuitable.  Red 
fibre,   K  .:l  UM:d  at   home,  but  llu 
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Preece,  Cardew,  &  bnell  that    uralite   is   so   hygr 
tliat    a   fungus  growth    is    set    up    which    is    al- 
ininiical    to   good    insulation.      These   trying    con. 
however,   do   not  apply    by  any  means   to   all   counims 
and    places   in   the  tropics.      The  coast    belts  and   low- 
ly-      ■  -n  those  countries  are  ^',  trying 
C*  ;                     j{  there  are  places  in   I                                 i    these 
cuunUica  uhich  .1                    ratnely.  and  indeed  extremely, 
dry  ;     and    in    c                 .;    the    CLjuipmenl    for    tropical 
countries   this   point  should  be  borne  in   mind.     Altitude 
iiuLrs  all  the  difference.     It  is  quite  a  common  thing  to 
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anything  like  a  good  standard.  It  is  no  unusual  thing  in 
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L-    for    the     11-  ,     ;• 

I  h:ive   hiid  i 


replacc<i  -    and  I  can  say  (lie  pr^  i 

opinion  I-   ...^  insulation  troubles  uiic.    . 

battery   system  far   outweigh   any   advantage^  r 

from  It.     In  the  sy-'  '  '     '        •' 

has   )>one  so  far  I  > 

ironi  liu  I 

:     the    ct 
cieui .    aiui     III    doing    t 

praclKc  Ml  tar  as  it  is   ;  i 

under  the  existing  distribution  conditions,  wliich.  uvtiii^  lo 
the  low  subscriber  density,  consists,  to  a  larger  extent,  oi 
open  wires.     Another  speaker  has  referred  to  Simla,  where 


111   >>ouih   Airica   wiiere  the   automatic    s\ 

;  ■,.c-:\    to  do  well.     In    i\.t--^    Iiit'h  and   d; 

K  should  be  I  .  well  sca~ 

li  ^iiiiiifc^   "'*    -"'""^s  at  li.t   II,. :i.^.     I  tiave  iij.i 


d    be 


of  a  tine 


L'Ce  uf  Uritish-iiiade  cabinet 


It  Mas  III  I 

Wide  in   1'.         _    . 

in   hot     countries    are   subject    to  dust    storms,   and   all 

equipment    for  such  places  sltouUl  he  dustprv«W  as  far  as 
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possible.  This  would  specially  apply  to  any  automatic 
■  system.  The  author  has  dealt  very  fully  with  cnamellcd- 
wire  troubles,  but  I  am  inclined  to  tliink  tliesc  troubles  arc 
not  confined  to  the  tropics,  although  they  are  bound  to  be 
felt  more  there  owing  to  the  damp  penetrating  the  wind- 
ings of  coils.  I  have  lieard  it  said  by  two  manufacturers 
that  in  the  process  of  L'namclling  it  is  impossible  to  give 
the  wire  a  uniformly  thick  coating  of  enamel.  The 
smaller  the  gauge  of  wire  the  greater  liability  there  is  for 
the  coating  to  vary,  and  in  the  liner  gauges  the  covering 
may  be  a  mere  film  in  places,  and  there  may  even  be, 
here  and  there,  minute  spots  without  any  covering  at  all. 
The  author's  experience  shows  that  there  is  a  risk  of 
insulation  weakness  in  enamelled  wire,  and  there  is  room 
for  further  investigation  of  the  matter  by  manufacturers. 
Practically  all  enamelled  wire  used  for  coil  windings  is 
made  to  Post  Oflice  specification.  Among  other  tests 
this  provides  for  a  lo  in.  sample  piece  of  wire  being 
stretched  to  lo  per  cent  of  its  length,  after  an  hour's 
immersion  in  water,  and  while  so  stretched  it  is  again 
immersed  in  water  and  subjected  to  a  pressure  of  lo  volts, 
and  the  enamel  must  stand  this  without  breaking  down 
electrically.  I  am  inclined  to  think  this  test  is  not  severe 
enough  to  bring  to  light  the  minute  imperfections  I  have 
referred  to,  and  which  appear  to  be  the  cause  of  the 
trouble  referred  to  by  the  author.  I  suggest  that  the 
length  for  test  be  much  increased,  that  it  be  stretched  in 
a  bath  of  mercury  instead  of  water,  and  that  the  pressure 
be  increased  to  50  volts.  The  larger  gauges  of  wire  used 
on  coils  would  no  doubt  stand  this,  but  a  gauge  would  1 
think  be  reached  at  which  the  insulation  would  break 
down,  and  no  enamelled  wire  so  small  as  this  critical 
gauge,  whatever  it  may  be  determined  to  be,  should  be 
used,  on  tropical  equipment  at  an}'  rate.  Where  high- 
resistance  windmgs  are  required,  larger  bobbins  wound 
with  larger  wire  should  be  used.  The  author  has  referred 
to  the  white  ant  and  other  insect  pests  in  tropical  countries. 
The  natural  abode  of  white  ants  is  in  the  earth,  but 
they  travel  considerable  distances  through  tunnels  of  their 
own  making,  and  they  have  a  wonderful  way  of  sensing 
the  position  of  things  they  are  fond  of.  They  have  a 
marked  partiality  for  most  kinds  of  wood,  and  that  is  one 
of  the  main  reasons  why  it  is  almost  impossible  to  use 
wood  poles  in  most  tropical  countries.  The  ants  work  in 
the  dark  and  in  silent  situations.  They  are  most  destructive 
of  woodwork  in  buildings,  which  they  usually  enter 
through  weak  points  in  the  foundations,  but  they  are 
easily  kept  at  bay  if  the  foundations  and  the  walls  for  two 
vor  three  feet  above  the  ground  are  built  with  cement.  I 
have  never  seen  a  telephone  attacked  by  them.  The 
mere  ringing  of  the  telephone  bell  would  disturb  them, 
and  once  disturbed  they,  as  a  rule,  quickly  run  back  in 
their  tracks,  which  they  close  up  behind  them,  and  make 
for  quieter  places.  Glass  insulators  would  probably  be  a 
cure  for  spiders  but  not  for  all  insects.  Hornets,  for  in- 
stance, build  anywhere  about  the  arms  and  insulators. 
But  if  the  insect  trouble  were  mitigated  by  the  use  of 
^lass  insulators,  I  am  afraid  the  standard  of  insulation 
would  suffer.  In  Canada  wliere  the  climate  is  very  dry 
^lass  insulators  are  the  standard,  but  on  long-distance 
lines,  and  in  damp  localities  porcelain  insulators  are  used 
to  keep  the  insulation  up  to  as  high  a  standard  as  possible. 
It  would  not  be  a  costly  experiment  to  try  glass  insulators 
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Wciglilnian. 


NATAL. 


LINE    INSPECTION    REPORT. 

The  District  Engineer, 

I  liave  to  inform  you  that  Lineman left  this  oflice 

at m.  on  the IQ,..,  to  inspect  tlie Section  of  tlie 

line,  and  that  he  returned  at m.  on  the 19... 

I  have  put  to  him  the  questions  printed  below.     The  answers  recorded 
are  his  and  they  appear  to  be  given  in  good  faith. 


.19.. 


Signature., 


QUESTIONS. 


If  so, 


Has  he  e.^amined  all  poles  on  the  line  ? 

how  many  did  he  find  loose  ? 
{a)  Did  he  earth  up  and  re-ram  the  latter  ? 
In  his  examination  of  the  poles  did  he  find  any 

bases  cracked  at  the  top  ?     If  so,  how  many, 

and  how  many  collars  are  required,  and  for 

what  sizes  of  bases  ? 
Has  he  cleared  the  line  of  bush,  and  branches  of 

trees,  and  undergrowth  ? 
{a)  Has  he  maintained    all   clearances   through 

trees  at  their  original  width  ? 

(b)  Have  any  new  plantations  of  wattle  or  other 
trees  been  started  on  the  line  ?  If  so,  where 
and  of  what  extent  are  they  ? 

(c)  Are  there  an}'  fruit  or  ornamental  trees  on 
the  line,  and  are  these  likely  to  come  into 
contact  with  the  wires  in  windy  weather  ? 
{It  should  be  understood  that  a  Native  Line- 
man must  not  cut  down  trees  on  private 
lands,  or  interfere  in  any  way  with  fruit  or 
ornamental  trees.) 

Has  he  cleared  all  cobwebs,  hornets'  nests,  kite 

tails,  etc.,  from  the  line  ? 
Has  he  cleared  the  insides  of  all  insulators  he 

found  dirty  ?     If  so.  how  many  ? 
Has  he  examined  all  stays,  and  are  all  in  good 

and   tight  condition  ?     How    many   has   he 

tightened  ? 
Has  he  examined  all  tapes,  binders,  and  binding 

wires,  and  are  all  in  order  ?     How  many  of 

each  has  he  renewed  ? 
Has  he  replaced  all  defective  insulators  ?     If  so, 

how  many  ? 
Has   he   fitted   any    insulators   with  new  india- 
rubber  washers  ?     If  so,  how  many  ? 
Has  he  tightened  all  nuts  of  spindles,  arms,  etc., 

and  are  these  nuts  secured  with  iron  binding 

wire  twisted  round  the  bolt  hard  up  against 

the  nut  ? 
Are  all  arms  in  good  condition  ?    Have  any  been 

replaced  ?     If  so,  how  many  ? 
Has   he   tarred  or  painted  any  poles,  stays  or 

arms  ?     If  so,  how  many  of  each  ? 

(a)  Did  he  remove  all  traces  of  rust  before 
applying  the  tar  on  the  pules  and  stays  ? 

(b)  Did  he  exercise  care  to  avoid  bedaubing  the 
insulators  and  wires  with  tar  ? 

Are   all   lightning    rods    tightly    fixed,    and    in 

upright  position  ? 
Are  there  any  spare  materials  on  the  line  ? 

so,  of  what  kinds  and  where  situated  ? 


If 


GENERAL    REMARKS. 


ANSWERS. 


-All  sections  of  line,  with  the  exceplion  of  those  inspected  quarterly  by 
Electric  Train  Staff  Linemen,  should  be  inspected  by  a  Native  Line- 
man once  a  month,  and  a  report  furnished  to  the  District  Engineer, 
by  the  Officer  responsible,  on  this  form  by  first  post  after  the  perform- 
ance of  the  inspection. 
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uKm^Mili    I  '  ^   VII   ,1   I'.i.i 

411   ' 
llll. 

klall  1  h4Vr  h4d  nuiiv  ycar>  ciL|H-riri>cc  Willi  lulivc  liiu- 
mcii  u<  ihc  tinuKclli^cnl  M>rt  rclcrrcd  lu  in  the  pupri, 
nirn  whu  cuulil  neither  read  nor  write  and  whu»c  only 
ainliitum  wait  to  )>et  lhrou)>h  life  with  a>  little  work  to 
their  cretlit  a  po»Mble.  When  one  ol  lhe>c  men  wa»  »eiit 
out  uii  line  m^iiilciianoe  work  he  wum  jii^I  4s  likely  u»  nut 
lo  call  in  4t  J  liiriidly  kraal  .iiul  "pciul  lii->  liinr  there. 
Un  hi«  return  his  report  would  l>e  wh.itcvcr  hi~  n 

led  hull  tu  make  it.     l'>ually  he  did  not  ovctt.iv  'l;i- 

nalion  and  merely  reportc<l,  "  Kverylhing  in  )iood  order." 
To  circumvent  this  weakness  a  line  inspection  report  form 
was  brought  into  use  on  which  the  controlling;  ofticcr  had 
10  write  the  native's  replies  to  a  number  ol  set  questions 
as  to  the  work  he  h.td  actually  done.  With  the  introduc- 
tion ol  this  lorin  irepro<luced  herewith i  it  was  felt  tlut 
much  better  work  was  ^d{  from  the  native  linciiicii. 
These  men  were  supervised  by  responsible  and  capable 
Kuropcaii  hnemcn,  who  again  were  supervised  by 
engineers,  and  the  system  of  telegraphs  and  telephones 
which  connected  almost  every  town  and  hamlet  in  the 
colony  was  maintained  in  a  thoroughly  eHicicnt  state. 

Mr.  E.  A.  LAiuiaw  :  Telephone  subjects  arc  very  rarely 
discussed  before  the  Institution.  I  am  certain  I  shall  be 
voicing  the  opinions  of  the  telephone  engineers  that  more 
papers  on  this  subject  are  required.  In  the  paper  the 
author  mentions  practically  two-thirds  of  the  globe,  and 
I  should  like  to  ask  him  whether  he  considers  that  the 
equipment  and  apparatus  should  be  uniform  for  all  those 
places  or  whether  special  apparatus  should  be  designed 
and  lifted  in  those  climates  where  there  is  a  very  humid 
atmosphere.  As  an  instance,  the  climate  of  Nairobi  is 
very  hot  and  dry,  but  in  the  Malay  States  it  is  very  hot  and 
damp.  L'niform  apparatus  migtit  perhaps  be  an  advan- 
tage, but  the  question  of  cost  must  come  into  the  matter,  as 
apfiaratus  designed  and  made  for  very  hot  and  damp 
climates  would  probably  cost  more  than  that  used  in  this 
country  with  satisfaction.  It  would  appear,  therefore, 
that  it  would  only  be  necessary  to  have  special  apparatus 
for  very  humid  atmospheres.  I  notice  that  the  author 
recommends  that  teak  should  be  u>ed  for  subscribei  s' 
instruments.  I  am  of  opinion  that  teak  is  possibly  the 
very  best  wood  to  be  used  in  the  tropics.  It  is  much 
better  for  wall  instruments  than  metal,  as  from  an  opinion 
expressed  by  engineers  from  the  tropics  all  metal  wall 
instruments,  however  well  enamelled,  soon  deteriorate  and 
look  very  shabby.  The  enamel  cracks  and  rust  appears 
on  a  great  part  of  the  metal.  I'his  fault  diK-s  not  appear 
on  desk  type  of  instruments  as  these  instruments  are  not 
usually  fitted  on  or  near  a  wall.  Teak,  however,  is  not 
quite  as  handsome  to  look  at  as  walnut  but  is  a  good 
practical  wood.  With  regard  to  the  system,  I  should  like 
lo  agree  with  everyone  on  this  matter,  but  as  1  cannot,  I 
should  like  to  dis.igree  with  the  view  implied  bv  Mr.  Cook 
that  countries  with  a  humid  atmosphere,  partly  untrained 
staff,  long  lines  some  15  miles  long,  oj^cn  wires  running 
through  trees,  should  be  fitted  with  a  conimon-b.ilterv 
system.  With  a  inagiicto  system  lines  coulil  l>e  worked 
and  give  a  fair  service  even  though  the  insulation  is  not 
perfect,    whereas    if    the    common-battery   system    were 


the   line 


aiice    t>eyond    I  tic    ' 

working.     The    iiu: 

probability  occur    with    a 

cause  Ihc  service  to  the  pulWi^  i^.  .-i  ■■.   .. 

with    a    magneto    system.      Tlicre   arc 


...•II 

.    o< 


1 


can    1m:   settled.      I 

Another  inleiestiiii 

enamelled  wire  for  relay  coils.      1  lie 

gels  from  the  author's  paper  is  that  :...  -.. 

wire  for  relay  coils  is  wrong.     1  think  he  hat 

enamelled  wire  lias  not  come  up  to  <  • 

it  IS  no  l>etter  lor  this   class  ol    wcf 

wires.     The  fault  which   he   nici.' 

the  wire,  has   l>een   found  in   th:- 

cntly  not  nearly  su  -.ei :  •• 

due  to  coils  becoming;  n 

places   like    Plymouth,   Tunbridge  WelK,    Hastings,    and 

Cilasgow,  and  I  beheve  that  the  Host  Ofhcc  are  still  eiperi- 

encing  trouble  through   coils  becoming  disconnected  due 

to  corrosion,     1  think  that  p     '  >^ 

not  been  given  in  the   past 

the  trouble  and  what   really  lu-.  . 

would  appear  that  in  districts  wl  1. 

winding,  and  the  coil  is  subjected  to  .> 

electrolysis  is  set  up  and  the  wire  be- 

finally  disconnected.     The  author's  suggestion 

cally  sealing   up  the   coil  and   Lc  

appears  a  giHxl  one  and  in  liuni. 
believe,  overcome  any  irouNe.     I 
interested  to  hear  the  re-'.;!l-  !h:i« 
the  experiments  which 

Mr.  A.  J.  Sti  HHs  :  1  V 
author  was  prepared  to  endorse  the  dictum  of  a  critic  ot 
48  years  ago  as  being  applicable  to  himself  and  his  col- 
leagues  to-dav.  I  really  cani)ot  believe  that  the  English 
tcli'j  iieer  has  -  '     failed  to   .     '  1 

the  '    of   the  l  f  r   in  d. 

telej4ia|'h  matters.      It  is,  iu'  : 

that  one  of  the  dillicullies  \K  i 

getting  a  correct  indication  of  the  trouble  complained  ol. 
With  a  very  long  experience  of  the  design  of  apparatus  and 
of  telegraph  plant  I  have  always  been  impressed  with  this 
point.  Time  after  time  somebody  has  said,  "Oh,  we  are 
alwavs  having  trouble  with  this:  cannot  something  tvrdone 
for  us  ?  "     On  replying,  "  Why  do  you  i*-'\  we 

are  told,  "  I  could  not  >ce  how  to  get  o\ci    .  .c."     I 

alwavs  answer,  "  If  you  report  the  trouble  it  is  lor  the 
'coii->ulting '  enginetrr  to  lind  the  solution.  I  suggest  lo 
the  author  that  he  should  impress  this  upon  the  engineers 
in  the  tropics.  Let  them  send  samples  oi  the  trouble, 
with   the  clearest  explanation  that  thev  can  offer,  and  1 

think  it  mav  s.ifely  be  promised  that  t '1 

engineer  will  go  a  long  way   towards 

Ot  course  I  do  not  mean  to  say  that  t 

graph  engineer  can  produce  any  very  .  ■. 

fauna   and    flora   of   the  tropic-s  !      Noliung  tnat    we  can 

suggest  will  prevent  a  herd  of  elepltants  from  rubbing  up 


I 
...  It 
•  )  the 

1 

.-      ..ul 

aid    1 
•he  author  i>.  .. 

,  ;  ised  to  find  that  the  »»»- 
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stubbs.  against  a  bamboo  pole  to  tlie  disturbance  of  its  alignment  ; 
but  even  in  such  matters  as  that,  one  has  known  where 
smaller  cattle  have  been  kept  away  from  tlic  poles  by  the 
simple  device  of  putting  a  pile  of  loose  ballast  around  each 
of  the  poles.  In  regard  to  the  common-battery  system, 
subject  to  correction  by  those  who  have  a  wider  experience 
of  -America  than  I  have,  I  believe  that  it  is  something  in 
the  nature  of  standard  practice  in  the  United  States  not  to 
connect  these  very  long  circuits,  but  to  locate  them  on 
a  special  magneto  switcliboard.  This  appears  to  be  the 
plan  adopted  at  Port  of  Spain,  to  which  the  author  takes 
exception.  It  may  strengthen  the  author's  position  to 
know  that  the  British  Post  OlSce  has  already  adopted  the 
American  plan  of  boiling-out  the  joints  of  paper-core  cables 
with  hot  paraffin  wax,  and  that  the  screw  nozzle  attach- 
ment is  recognized  as  obsolete  practice. 

Mr.  G.  McAlpixe  :  I  am  afraid  that  the  author  has  so 
'"°^'  thoroughly  covered  the  subject  of  telephone  faults  in  the 
tropics  that  there  is  nothing  left  for  me  to  add  from  my 
own  experience,  but  perhaps  I  may  amplify  those  which 
he  has  enumerated.  There  is  one  class  of  line  construc- 
tion which  the  author  has  not  referred  to,  namely,  lines 
which  follow  tropical  coasts.  There  the  disadvantages  to 
which  he  refers  are  particularly  exaggerated.  On  a  sea- 
coast  in  the  tropics  w-hich  is  subject  to  monsoons  all  the 
year  round,  the  lines,  insulators,  poles,  and  everything  else 
are  practically  encrusted  with  damp  salt  throughout  a  large 
portion  of  the  vear.  Obviously  it  is  impossible  to  use  iron 
poles  in  such  circumstances,  and  wood  must  be  employed. 
Teak  is  found  to  be  the  only  useful  wood.  Iron  wires 
likewise  are  impossible  ;  and  we  are  obliged  to  use  copper. 
Light  copper  wires  of,  say,  loo-lb.  section  are  not  advisable 
from  the  economic  point  of  view  inasmuch  as  they  corrode 
away  in  less  than  lo  years.  As  a  consequence  one  is  forced 
to  adopt  the  expensive  method  of  using  somewhere  about 
400-lb.  copper  wire  for  all  lines  erected  in  such  localities. 
In  several  colonies  copper-clad  steel  wire  has  been  tried, 
but  I  am  sorry  to  say  that  it  has  been  found  to  have  a  life 
of  less  than  three  months.  All  sorts  of  methods  have  to  be 
tried  to  remove  the  salt  and  maintain  the  insulation  of  the 
circuit.  Frequent  washing  has  proved  to  be  the  best  out 
of  many  methods.  Washing  followed  by  oiling,  although 
it  seemed  successful,  in  the  end  made  the  difficulty  worse. 
As  a  contrast  to  that  particular  class  of  line  in  the  tropics 
one  sometimes  comes  across  the  other  extreme.  The 
climate  may  be  particularly  good,  the  atmosphere  clear 
and  dry,  but  then  one  is  confronted  with  the  difficulty  of 
the  geography  of  the  country  itself.  In  rolling,  hilly 
country,  such  as  one  finds  in  the  tea-growing  districts,  it  is 
impossible  to  maintain  more  than  about  eight  or  ten  poles  to 
a  mile  owing  to  the  irregular  contour  of  the  country.  That 
introduces  the  problem  of  the  tensile  strength  of  the  wire. 
L"ckily  in  such  localities  the  wind  pressure  does  not  reach 
high  values,  so  that  in  spite  of  the  ridiculously  small 
number  of  eight  poles  per  mile  there  are  many  hundreds 
of  such  lines  working  satisfactorily.  The  best  average 
conductor  in  such  cases  has  been  found  to  be  of  150-lb. 
silicon  bronze.  In  the  case  of  telephone  wires,  owing  to 
the  long  span,  a  spacing  of  24  inches  in  a  vertical  plane  has 
been  found  to  give  the  best  results.  As  regards  the  poles 
for  use  in  such  a  locality,  it  is  obvious  that  the  factor  of 
transportation  is  the  dominant  one.  The  weight  must  be 
kept  small,  because  everything  has  to  be  carried  on  coolies' 


backs.  Therefore  Hamilton  steel  poles  or  something  of 
the  sectional  type  become  essential.  Another  class  of  route 
atTecting  tlie  pole  question  is  where  the  line  is  parallel  to 
the  railway.  In  such  cases  one  may  generally  obtain  dis- 
carded railway  rails  ;  hence  a  problem  found  in  all  tropical 
countries  is  the  manufacture  of  poles  out  of  railway  rails, 
generally  of  about  72  lb.  section.  When  made  locally  such 
poles  are  found  to  be  cheaper  than  any  imported  type. 
The  average  life  of  telephone  instruments  as  used  in  many 
tropical  colonies  is  not  more  than  five  years.  Enamelled 
sheet  iron  which  is  used  in  some  designs  of  telephone 
instruments  is  absolutely  non-permissible  ;  it  is  corroded 
through  by  rust  in  a  few  months.  One  difficulty,  which 
tends  to  conservatism  and  which  I  do  not  think  I  have 
seen  mentioned  elsewhere,  as  regards  the  introduction  of 
new  and  modern  types  of  instruments  in  tropical  countries, 
is  found  in  the  character  of  the  natives.  Petty  jealousy 
runs  so  high  between  the  native  shopkeeping  classes  that  if 
a  new  improved  type  cf  telephone  instrument  is  installed 
for  one  subscriber,  unheard-of  faults  develop  in  a  most 
mysterious  way  in  the  telephones  of  the  neighbouring 
subscribers.  This  goes  on  until  at  last  the  instruments 
have  to  be  taken  away  and  replaced  by  the  more 
modern  or  prettier  type.  That  is  not  merely  a  whim- 
sical experience  ;  it  is  exceedingly  widespread  and  serious 
because  there  is  no  cure  for  it.  It  is  impossible  to  prove 
that  the  faults  are  due  to  mischief  ;  one  has  simply  to  take 
them  as  they  come,  and  in  the  end  it  offers  a  very  serious 
obstacle  to  the  introduction  of  new  types.  Previous 
speakers  have  referred  to  enamelled  wire.  Personally  I 
have  tried  every  variety  of  enamelled  wire  that  I  could  get 
in  the  tropics,  not  for  the  rather  trying  conditions  imposed 
by  use  in  coils  but  merely  to  test  the  vi^ire  as  such.  It  was 
used  for  wiring  purposes  underneath  instrument  tables  ; 
but  under  such  good  conditions,  where  the  greatest 
potential  never  exceeds  50  volts,  the  wire  in  every  case 
broke  down  in  about  three  months.  In  conclusion,  I  think 
the  thanks  of  every  colonial  telegraph  or  telephone  engi- 
neer are  due  to  the  author  for  having  brought  forward  the 
very  serious  difficulties  of  an  administrative  character 
which  hamper  this  branch  of  engineering — especially  in 
the  smaller  colonies.  Not  only  is  the  engineer  in  danger 
of  becoming  a  mere  "  red  tape  worm,"  but  he  is  compelled 
to  work  under  an  organization,  generally  of  a  territorial 
order,  which  is  by  no  means  suited  to  his  requirements. 
The  merits  of  functional  organization  cannot  very  well 
be  appreciated  by  the  non-technical  heads  of  postal 
departments.  It  is  this  administrative  trouble  which  is 
the  explanation  of  the  very  inadequate  salaries  paid  to 
colonial  telegraph  engineers  ;  whose  remuneration  is 
governed,  not  by  their  responsibilities,  but  by  the  salaries 
paid  to  postal  and  clerical  officials. 

Mr.  H.  Laws  Webb  :  I  agree  with  Mr.  Cook  that  a  good 
many  details  are  omitted  from  the  paper.  Perhaps  the 
author  will  give  us  some  of  them  in  his  reply.  I  refer 
particularly  to  such  subjects  as  development,  the  number 
of  subscribers  to  be  served,  and  rates.  It  is  idle  to  discuss 
the  kind  of  central-office  equipment  proposed  to  be  used 
if  we  do  not  know  the  number  of  subscribers,  the  density 
of  subscribers  in  the  area,  and  the  probable  growth.  I 
think  information  as  regards  those  points  would  add  to  the 
value  of  the  paper.  The  difficulties  referred  to  in  the 
paper  may  be  classified  generally  under  three  headings  : 


Mr. 

McAlpine. 
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CO»U  and  j^ -^.     Some  ol  llie  iroiililc^  

with  the  iiiktriiineiilii  iiiit;lit  be  overcome  by  the  Ukc  ol 
!.Ie«l-C4>e<l  iii»trumeiit«.  I  .ini  not  »ure  wlietlier  the  author 
meiilii'iied  uiie  (Hiiiit  ol  iiiipui  Uiice  in  native  and  »eini- 
civilized  com  '  c 

oi  the  u»ef>.  'C 

way  pail>  ol   Ine  woiul    by  tlic  u»e  ol    mi  .ii»liu- 

mcntv  Keleieiice  lia»  been  made  to  li  ■  ,  'ice  ol 
»ub!«cnbcri,  but  I  tliutlc  the  telephone  adininutration 
cannot  avoid  all  rcspouMhility  on  the  ground^i  ol  the 
i^noiaiicc  of  the  ^ubMrriber.  The  i)>noraiice  of  the  sub- 
scriber IS  really  due  in  the  main  to  the  admini^tralioii 
which  net;lrcu  to  educate  hiin,  and  a  threat  deal  cm  be 
du!  ij  the  service  bypropereducatioii.il 

wv:  I-  administration.     The  question  ul 

central-oitice  cquipineiit,  as  1  have  just  said,  is  naturally  a 
function  of  the  development  of  the  area  that  one  is  dealing 
with,  and  it  is  impossible  to  say  arbitrarily  that  the  central 
battery  will  not  do,  or  that  ma^^iicto  is  the  proper  apparatus 
if  one  does  not  know  the  size  and  development  of  the  area 
which  one  is  considering.  As  to  operators,  that  is  another 
point  where  it  is  maiiilv  a  question  of  administration.  One 
cannot  have  good  opveralors  unless  one  has  a  properly 
equipped  training  school,  .ind  a  competent  and  efficient 
chief  operator  or  matron  to  train  them.  If  one  has,  one 
can  do  wonders  with  very  unproiuising  material.  As 
Mr.  Cook  has  already  shown  by  his  lantei  n  slide. 
Mahommedan  girls  do  actually  work  as  telephone 
operators.  In  Constantinople  we  were  rather  surprised 
to  find  that  Mahommedan  girls  would  become  operators. 
We  expected  to  recruit  the  staflf  entirely  from  the 
Christian  and  Jewish  communities,  but  as  a  matter  of  fact 
Mahommetlans  did  offer  their  services  and  proved  com- 
petent opKrrators  under  proper  training.  As  regards  glass 
insulators,  1  have  no  doubt  the  author  knows  that  glass 
insulators  arc  used  very  commonly  in  the  I'nited  States, 
where,  although  the  conditions  are  naturally  not  so  severe 
as  they  often  are  in  tropical  countries,  they  arc  at  certain 
times  of  the  year  very  severe.  Kefcrencc  is  made  in  the 
paper  to  armoured  lead-covered  cable  laid  solid,  which  is 
of  course  not  good  practice  in  a  place  where  there  is  Ukely 
to  be  development,  or  where  the  cable  might  have  to  be 
withdrawn  and  larger  sizes  substituted.  If  it  is  Ukely  to 
be  a  6xture  such  construction  is  often  convenient  and 
cheap. 
'»■'»  Mr.  G.  H.  Nash  :  After  reading  the  paper  1  sent  for  my 

Company^  fiU-  dealing  with  this  question  and  found  them 
to  be  ap  iv  4  inches  thick  and  teeming  with  infor- 

mation  :    ^  ^  the   protection   of    tropical   apparatus ; 

therefore,  in  a  sense,  I  desire  to  offer  a  protest  that  such 
an  important  subject  should  be  dealt  with  at  only  one 
meeting,  because  discussion  sufficient  for  many  has  neces- 
sanly  to  be  ciowded  into  one.     Many  of  the  points  that   I 


I  liave  lui    ■■• 

>,  .1    I 


central  point  at  wli: 
and  •     •    '       •       ' 
ol  ni 

act  1    I'-'i    llic    s 

nr- r  lie   !■>   Iheni     > 


their  apfviratus.     An  example  may  j>erliap»  ill  . 
|>oint  more  clearly,  and,  for  this,  I  will  take  a  « 
instrument.     How  should  the  woo<lwork  be  tin 
inside  and  out  .'     What  kind  of  jiiiish  1-  '      •   -nouiu  il 

In-  oiled  or  shellaced,  hnislied  wax  01  For  tl»c 

Mlelalwork    some    >  ^ucltJ      a    yellow 

.    linisli.    others    a    ;  liron/e,    and    <-!>irr» 

nickel-plalt..     .\gain.    should    screws    be     i. 
making  wootl  joints  ;  if  so.  should  they  be  or 
or  iron  ?     Are  wood  joints  allowable  :  if  so,  what  kind  of 
glue  should  be  used,  ordinary  or  marine  ?     Information  is 
sought  reuarding  the  insulating  properties  of  the  set.  bv>tli 
in   L  ■■   with  the    method  oi   w 

insu.  ..liable  between  the  as- 

such  as  spiiiigs.     Is  there  a  tendency   lui 
to  be  deposited  between  the   springs,   the  _; 

their  insulation  ?  What  material  should  be  used  tor 
separating  the  springs,  ebonite  or  mica  i  Is  it  desirable 
to  ventilate  the  set  ?  I  believe  that  the  foregoing  will 
have  indicated  a  few  of  the  points  which  arise  in  one  s 
iiiiiid  III  connection  with  the  instrument  alone.  These  and 
lis  arise  when  referring  to  sw 

-  used  on  them.  1  believe  I  .  • 
show  that  the  subject  is  a  vast  one  and  mat  tiic  iiuiiiu- 
facturer  who  lias  to  make  apparatus  for  the  tropics  ha>  a 
considerable  amount  of  difficulty  to  contend  with  and  he 
should,  therefore,  receive  as  much  information  as  possible 
regarding  the  experience  that  has  been  obtained  by  those 
who  use  tropical  apparatus  and  to  whom  we  must 
necessiirily  look  for  help.  In  conclusion.  1  siiould  like  to 
ask  our  colleagues  who  reside  in  the  tropics  to  make  a 
rule  of  giving  full  details  in  connection  with  any  trouble 
when  writing  home  complaining  al>out  it.  It  has  been  my 
experience  that  such  details  are  frequently  lacking,  with 
the  result  titat  we  are  inchned  to  believe  that  the  failures 
are  more  often  due  to  the  use  of  native  employees,  who  arc 
not  capable  of  giving  the  same  uttentK>n  llu.1  a  normal 
mechanic  would  do,  and  in  laying  the  ! 
to  overlook  possiblv  the  cllcct  wh,^ 
may  be  actually  producing. 

Mr.  E.   U.    Walkek  :     I    should   like    to   make   a   few  Mr  Wj 
remarks  in  support  of  what  Mr.  Wcightman  has  said  with 
regard  to  tropical  conditions.     The  climate  on  the  <.'!-' 
may  be  very  damp  and  hot  and  the  humidity  very*  con 
more  particularly  in  the  rainy  season,  during  which  pciuu 
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Mr.  Walker,  most  of  the  instruments  :ind  overhead   wires  have  insiifli- 
cient  insulation  resistance,  but  in  the  inner  part  of  the 
country  and  in  the  higlilands  the  cUmatc  will  be  dry  and 
any   sort   of  telephone   system   will    work   well.      1    have 
noticed  the  difference  in  the  plains  of   India,  in  Ceylon, 
and  also  in  the  interior  of  Brazil.     Then  with  regard  to 
the  instrument  itself,  I  think   for  tropical  use  it  requires 
a  little  more  attention  than  it  usually  receives.     The  micro- 
phone should  always  be  damp-proof.     In  many  instances  I 
have  noticed  tliat  clieap   telephones   are  used,  and   their 
water-proof  qualities  arc  left  entirely  out  of  sight.     With 
regard  to  the  telephone  receiver,  in  a  damp  climate  the 
diaphragm  is  very  likely  to  get  coated  with  moisture  dur- 
ing the  night  and  early  morning,  so  that  the  vibrations  of 
the  diaphragm  are  damped  and  speech  becomes  indistinct. 
I   think  that  manufacturers  should  pay  more  attention  to 
the  preparation  of  the   diaphragm.     The  upkeep   of   the 
instrument  deserves  the   careful  consideration  of  all  tele- 
phone engineers.     I  am  very  glad  that  the  question  of  the 
insulation    of    overhead    wires    in    connection    with    the 
common-battery  system  has  been  mentioned.     For  good 
work   the   cable   system   should   be   complete  up   to   the 
subscriber's  instrument,   whether   the   cables   are   under- 
ground or  overhead.     The  aerial  cable  is  eminently  suit- 
able for  moderately  long  distances,  and  is  probably  almost 
as  cheap  as  an  overhead  open-wire  system  at  the  present 
time.     The  author  has  suggested  the  use  of  glass  insulators 
with  an  oil  rim  for  overhead  wires  instead  of  the  ordinary 
Post  Office  pattern  of  porcelain  insulators.     We  have  tried 
the  porcelain  insulator  with  the  oil  rim  on  long  lines  in 
India,  and  we  have  found  that  the  oil  soon  gets  covered 
with  a  coating  of  dust ;  its  properties  then  fail.     In  the  end 
the  insulator  is  no  better  than  the  plain  porcelain  double- 
cup  insulator  at  present  used.     I  am  glad  the  author  has 
borne  testimonj'  to  the  arduous  work  and  the   constant 
vigilance  necessary   on  the   part   of  all  engineers  in  the 
tropics,  because   I  am  sure  they  do  not   always   get   the 
praise  and  credit  that  they  deserve  for  all  the  trouble  they 
take, 
jir.  Mr.  H.  H.  H.ARRISON  :  For  some  time  our  practice  with 

Harrison.  tropical  instruments  has  been  to  use  teak  for  the  wood  and 
to  sub-divide  the  interior  winding,  running  it  in  chases 
filled  with  compound  or  wa.x.  With  regard  to  the  poor 
insulation  of  open  lines  mentioned  by  the  author,  I  should  , 
like  to  ask  whether  he  has  used  the  so-called  indestructible 
cable  invented  by  Hackethal.  Tlie  author  has  referred  to 
the  automatic  system  in  use  in  Havana,  Cuba.  I  cannot 
say  how  far  the  climate  at  Havana  compares  with  that 
of  some  of  the  tropical  places  which  he  mentions,  but  I 
know  that  from  the  telephone  engineer's  point  of  view  it  is 
troublesome.  I  have  brought  a  chart  with  me  (Fig.  A 
herewith)  which  illustrates  the  phenomenal  telephone 
growth  i.i  Havana  since  the  installation  of  the  automatic 
f  vstem.  With  regard  to  the  question  of  enamelled  wire, 
we  were  animated  by  the  same  hopes  as  everybody  else 
when  we  first  took  up  its  manufacture  and  applied  it  to  the 
coils  of  telephone  instruments  and  other  apparatus  which 
we  make.  I  may  say  that  in  the  initial  stages  of  manufac- 
ture there  was  a  decided  difficulty  in  getting  anything  like 
a  uniform  coating  on  the  smaller  sizes  of  wire,  but  we  are 
getting  over  that  difficulty  now.  It  is,  perhaps,  hardly 
necessar}'  to  tell  the  author  that  there  have  been  consider- 
able improvements  in  the  manufacture  of  enamelled  wire 


during  the  last  two  years,  at  the  beginning  of  which  period  Mr. 
I  presume  tliis  paper  was  in  conlcmplation.  Our  practice  •'"■^°"- 
at  the  present  time  with  telephone  and  tclegrapli  instrument 
coils  is  to  use  enamelled  wire,  silk-covered  and  impreg- 
nated, and  that  has  given  very  good  results.  We  have 
received  no  complaints  since  that  method  was  adopted. 
With  regard  to  the  author's  suggestion  as  to  impregnating 
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Fig.  a.— Curve  showing  the  Growth  in  the  Number  of  Tele- 
phones connected  to  the  System  of  the  Cuban  Telephone 
Company. 

coils  wound  witli  enamelled  wire,  it  would  probably  be 
better  for  him  to  consult  the  manufacturers  of  such  wire, 
as  the  impregnation  might  not  suit  the  particular  composi- 
tion that  the  manufacturer  of  the  wire  adopts.  The 
author's  reference  to  Mr.  Sayers'  practice  on  the  Midland 
Railway  in  connection  with  quadruplex  circuits  is  very 
interesting.  The  working  margin  with  respect  to  leaky 
circuits  is  very  much  greater  in  the  case  of  a  double- 
current  duplex  circuit  than  with  a  single-current  duplex 
circuit.  In  the  quadruplex  we  have  double-current  and 
single-current  duplex  working  combined,  and,  consequently, 
quite  apart  from  the  split-signal  difficulty  on  the  "  B ''  side, 
there  is  also  the  inherent  difficulty,  due  to  leakage,  on  this 
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.1  .<l>jut  J50  K. 
The  clectro-linning  serves  not  only  lor  liccpinn  the  steel 
from  rusting  but  ia  the  best  surface  (or  stoviii)'  ciumels  to 
grip.  Insects  do  not  from  choice  hve  on  metal-work,  and 
if  any  distortion  is  going  to  take  place  it  will  do  so  in 
the  oven  before  the  in>lruinent  is  a>seinbled  or  adjusted. 

.inents,  it  >hould  be  borne  in 
them  are  su  costly  that   it  is 
.lard  design.     Insulation 
cr)  IS  the  source  oi  much 
trouble,  and  I  do  not  think  they  should  be  employed  since 
they  contract.     Only  to-day  I  was  examining  a  telephone 
instrument  which  had  ebonite  insulation.    It  had  only  been 
in  Use  for  two  years  and  every  insulated  nut  and  screw- 
was  loose.     Another  drawback  to  the  use  of  ebonite  is  its 
cr.    A  hne  copper  wire  in  pro\  ■ 
will   break  off   short  if  bcnl   .   . 
for  disconnection.     1   should  very  stt>  c  the  use 

of   mica,  and    I    should   like  to  ask  1  :    what   his 

experience  has  been  with  this  class  of  instrument.  In  the 
case  of  receivers  for  the  tropics  I  should  not  only  suggest 
a  metal  case  but  also  a  metal  cap  ;  the  cap  need  not  Ik- 
roundcd  for  the  ear  as  I  tind  tlat  ones  are  quite  comfort- 
able to   uscr'i.     The    polcpieccs    of    the   magnets    in    llic 

cd  as  I  tind  that  ri: 
.  nts  have  been  in  t 
^  where  it  is  not  possit>ic  to 
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tiansmitter  will   give  the  better  translm^slon,  and  if  the 
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1  lie  telegraph  ofhcer  came  to  us  ai 
lor  a  >    '  '     '       use  he  said   the  giiaiic-   wn 
and    '  lals   were   always  upsetting   : 

line.      1  explained   to  liiMi   that    a   i 
expensive.      I  told  hini  *•!  liieM.  cai : 

to  say  that  the  suggestion  was  adopted  aitd  (xuvcd  aktut- 
lutely  efficient. 

Mr.    \V.   AirKES'    (iommumUiileJ] :    Manufacturers     are  >•'• 
indebted  to  the  author  for  this  paper,  for  t*-'  >»  n  i»ow 
know  better  the  conditions  prevailing  in  tK  -lod 

can  design  then  '  ^^'i^'   icii:cj»ce 

to  telephone   ii.  ^  made  of  instru- 

Ulcllts    with   a  IUcl.>i   (..^m;  ,    1 
liavc  been  tried   and  whethei 
able.     The  author  mentions  that   he  is  enti 
of   magneto   systems,   and    qiuhfics    llu^ 
introducing  automatic   cleam 
diagram.     His  reasons  are  ^ui  im  mhwv.i...  ^ 
a  reasonable  insulation  on  the  lines,  and  (fr)  the  fact  that 
of  the  lines  are  about  JO  ..;      With  reference 

former,  it    is   !■■    be   boi  'd   that  there  Were 

main    ill    I  '10    pilol     lo    1 1  1   of 

coiniiKiii-li  wcro  ot    the  ;he 

insulation  could  not  be 

opposed  Its  introduction  :,..   , —  —  ...     .^, 

proved  that   the  objection   wjts   not    well  founded.     The 
-      •     ■  -  '  '      ■  •   ■•  'v^ed. 
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Mt,  Altktn.  system  (the  latter  being  suitable  fov  workinj;  on  lines  tliat 
are  adequate  for  the  former).  The  author  quotes  instances 
of  both  common-battery  and  automatic  exchanges  in 
tropical  climates,  and  according  to  most  reports  these  are 
reasonably  satisfactory.  The  author  also  objects  to 
automatic  systems  because  of  the  intricate  selectors  and 
other  electro-mechanical  step-bv-step  mechanisms  ;  doubt- 
less, trouble  might  be  experienced  willi  these  when  a  film 
of  moisture  covers  them,  but  such  apparatus  are  not 
essential  features  of  an  automatic  system.  The  Relay 
Automatic  Telephone  Company  have  developed  a  system 
using  relays  entirely,  and  it  is  acknowledged  by  the 
author  that  relays  have  proved  perfectly  satisfactory  for 
use  under  tropical  conditions.  Relays,  which  require 
little  .idjustment,  are  suitable  for  enclosing  in  small  units 
with  covers  tliat  practically  enclose  them  in  a  sealed 
chamber  and  should,  in  my  opinion,  give  every  satisfaction. 
Automatic  relay  switchboards  are  suitable  for  small  or 
large  exchanges  and  should  be  economical  in  first  cost  and 
maintenance.  The  author  gives  very  little  information 
regarding  sizes  of  installations  required  and  traffic  con- 
ditions, and  I  should  be  pleased  if  he  would  specify  what 
sizes  of  boards  are  usually  required,  that  is,  the  present 
equipment  and  probable  ultimate  capacity,  and  also  the 
approximate  number  of  calls  per  line.  It  would  be  in- 
teresting also  to  know  whether  these  are  generally  used 
entirely  for  local  work,  or  whether  there  is  a  considerable 
amount  of  inter-exchange  and  long-distance  work. 

Mr.  Noble.  Mr.  W.  NoBi.i-;  {communicated)  :  Given  a  material  which 
will  successfully  resist  or  prevent  the  attacks  of  insects, 
there  should  be  no  difficulty  in  preventing  them  from 
obtaining  access  to  a  telephone  case.  Such  a  material  is 
evidently  available  in  teak,  and  I  see  no  reason  why  mild- 
steel  cases  thoroughly  enamelled  should  not  be  satisfactory. 
In  a  well-made  telephone  of  good  design  it  would  be  easy 
to  place  a  brass  plate  which  would  move  with  the  switch- 
hook  and  would  yet  fit  so  well  as  practically  to  close  the 
instrument.  As  regards  the  terminals,  it  is  common  prac- 
tice to  place  them  inside  the  instruments.  It  is  now 
a  number  of  years  since  the  Post  Office  ceased  to  buy  the 
old  tj'pe  of  ebonite  receiver  case.  The  trouble  was  not 
that  the  sheath  became  soft  and  pliable  ;  but  when  the 
receiver  was  accidentally  knocked  off  the  telephone  hook 
or  off  the  subscriber's  desk  it  was  broken  so  frequently 
that  the  Post  Office  came  to  the  conclusion  that  an  altera- 
tion in  design  was  necessary.  A  brass  case  was  adopted  to 
give  the  necessary  strength,  and  this  case  was  covered 
with  a  closely  fitting  ebonite  sheath  slipped  over  the 
brass  and  held  in  position  by  a  screwed  end  cap. 
This  produced  a  very  good  receiver  body,  but  in  the 
effort  to  reduce  the  cost  of  construction  a  trial  was 
then  made  of  a  brass  case  coated  with  enamel.  The 
result  was  unsatisfactor\',  but  one  of  the  objections  to 
the  use  of  an  enamelled  brass  case  in  this  country  will  not 
apply  to  the  tropics.  I  refer  to  the  fact  that  in  very  cold 
weather  the  use  of  an  enamelled  receiver  case  has  a  very 
chilling  effect  upon  the  fingers.  The  main  objection  is 
that  the  enamel  soon  wears  off  that  portion  of  the  receiver 
shank  which  comes  in  contact  with  the  hook  in  which  the 
receiver  rests  when  not  in  use.  We  had  many  receivers 
brought  into  use  in  busy  Public  Call  Offices  and  they,  after 
a  short  period,  acquired  a  decidedly  brassy  hue.  Other 
materials  for  coating  receiver  bodies  were   tried,  among 


them  a  substance  known  as  "  Pellolit"  wliich  gave  results  Mr 
much  superior  to  enamel.  It  was  found,  however,  that 
extension  of  the  number  of  ebonite  working  firms  had 
considerably  reduced  tiie  cost  of  coating  metal  articles, 
and  ebonite  "cured"  on  to  the  brass  case  of  the  receiver 
has  for  some  years  been  the  Post  Office  standard  practice. 
We  have  a  testing  machine  which  automatically  lifts  a 
receiver  tliree  or  four  inclies  and  throws  it  on  to  an  ordinary 
receiver  switch-hook  every  two  seconds,  and  tliereby  we 
have  made  comparisons  of  tlie  resistance  to  wear  of  various 
materials  in  conditions  very  analogous  to  tiiose  obtaining 
in  practical  use.  We  found  that  whereas  most  grades  of 
enamel  wore  through  to  the  brass  in  four  or  five  thousand 
throws,  Pellolit,  about  25  mils  thick,  stood  about  60,000 
throws,  whilst  ebonite  coatings  of  the  same  thickness  have 
been  subjected  to  as  many  as  300,000  throws  and  yet 
shown  hardly  any  sign  of  wear.  One  or  other  of  the  fore- 
going methods  may  provide  a  solution  of  lliedilTicul  ties  whicli 
the  author  has  experienced  with  ebonite  receiver  cases  in  the 
tropics.  With  regard  to  lightning  protectors,  these  should 
of  course  be  fixed  on  the  stonework  of  the  building  near 
the  point  where  the  line  enters.  The  protector  lead  should 
be  connected  direct  to  a  good  earth.  Much  of  the  trouble 
in  the  tropics  is  due  to  bad  earth,  and  where  a  test  proves 
that  the  earth  at  the  building  is  not  good  a  wire  should  l)e 
run  back  until  a  low-resistance  earth  is  found.  The  author 
is  opposed  to  the  use  of  the  common-battery  and  automatic 
systems  in  the  tropics  and  expresses  himself  strongly  in 
favour  of  the  magneto  system.  His  objection  to  the  former 
systems  seems  to  be  based  upon : — (a)  Insulation  difficulties 
if  the  system  is  aerial  with  open  lines  ;  {b)  high  cost  if  the 
system  is  underground  with  long  subscribers'  lines.  If 
either  of  these  objections  were  removed  presumably  the 
author  would  not  favour  the  magneto  system  so  strongly. 
Now  it  seems  to  me  that  a  compromise  would  remove  the 
difficulty.  In  a  town  most  of  the  subscribers  are  located 
within  the  town  boundary  and  their  lines  are  comparatively 
short.  Why  should  not  these  subscribers  be  served  by 
underground  cables,  whilst  those  whose  lines  are  too  long 
for  economical  underground  service  could  be  reached  by 
means  of  open  wires.  If  the  exchange  were  of  the  common- 
battery  type  a  large  percentage  of  the  subscribers'  lines 
could  be  equipped  and  worked  on  ordinary  common-battery 
principles,  while  those  subscribers  whose  lines  were 
such  that  the  insulation  was  likely  to  fall  below  a  certain 
figure  or  are  outside  the  limit  for  common-battery  work- 
ing could  be  dealt  with  on  a  magneto  signalling  basis. 
These  long  lines  could  have  their  answering  jacks 
concentrated  at  a  definite  part  of  the  switchboard,  but  it 
would  not  be  necessary  to  place  them  on  a  separate 
board  or  to  remove  them  from  the  multiple.  As  regards 
the  employment  of  automatic  equipment  in  tropical 
countries,  such  equipment  would  require  to  be  designed 
and  constructed  by  engineers  thoroughly  conversant  with 
tropical  requirements.  But  automatic  equipment  of  the 
types  now  on  the  market  would  not  remove  the  staff 
difficulty  entirely.  It  must  be  remembered  that,  although 
operators  are  displaced,  the  apparatus  that  takes  their  place 
requires  attention  of  a  highly  skilled  character,  and  the 
requirement  of  an  increased  technical  staff  may  cause  an 
administration  as  much  as,  if  not  more,  trouble  than  the 
provision  of  an  operating  staff.  In  dealing  with  the  ques- 
tion of  operators,  the  author  states  that  only  60  lines  per 


I'KKiai-:       1  KI.Kl'HDNh     IKDUBI.KS    IN     III!     TK'OIMCs      IJ|SClsSU»\ 


.1  thai  ihcM 


|H»i(i>>ii   can    hr  |>Uc«», 

1^- -   

H. 
ail 

llu 
OII> 
(Nl 

ni< 

Cl'l:  

Ilii>  ill  and  iiulK4ti\r  ol  4  vriy  luu 

opt<  Jii.i);  ...1... .  •.-■„  ..  .>  4  (acl  llul  l4»l  ycjr  the  iiunilK-r 
oi   lino  per  |K>Mlion  in  Ihr  Avenue  KkL-|i4n|!c  (l^iidon) 

Wu- 

A~ 

ami  4>  V,   (lie 

nuinttci  If    llic 

iiuthor  hod  luKl  u»  Ik>..  als  llic  t>|>ci4lur!>  handled 

in  the  bi>~'  ''  il'  'miut  Wv    i  lave  liccn  l>ettcr  able  to 

form  a  i  i.     I  nii)>lit  add  that  I  liavc  before  me 

particulai N  Ol  iiir  numl>er  <  '   ' "       ■'  r's  poMtion 
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Minimum  „  ,,  ,.  „  56 
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Dtfltculties  or  worric!.  due  to  the  failure  of  subscribers  to 
"rinK  olT"  are  not  conlined  to  the  tropics.  It  has  always 
been  tin  :cc  in  thi>  ^  :'i.tt  where  subscribers 

have  to  a  lar^c  |  .      nl  thcni  fail  to  do  so. 

The  only  iciiicUy  i>  to  install  auluiiialic  MKnalliii><  .irran(>e- 
ments.  From  my  knowledge  of  the  saluties  olicred  I  am 
of  opinion  that  colonial  posts  for  telegraph  and  telephone 
engineers  are  not  sufhciently  attractive  to  induce  able 
officers  to  apply  for  the  appointments.  The  prospects  in 
the  Home  Service  are  now  so  good  that  senior  ofhcers  of 
wide  experience  will  not  go  to  the  tropics  for  the  salaries 
offered.     .\ii  id  telegraph  engineer  will  not  go  to 

the  Ciold  C\  ,.  .V  for  a  salary  of  ^'350  to  jt400  per 

annum  ;  nor  to  Lgaiida  for  £3$°  •''  i.-45o.  <^'en  though 
given  the  high  sounding  title  of  "  Assistant  Postmaster 
Cieiicral  and  Telegraph  Kngineer."  The  author  near  the 
close  of  his  paper  says,  "...  Happily  for  these  tropical 
colonics  there  are  certain  ad\-antages,  or  rather  attractions 
there,  and  the  Britisher  is  always  inclined  to  be  ad- 
venturous. ..."  1  should  like  to  ask  liim  what  the  attrac- 
tions are  ;  there  arc  certainly  no  pecuniary  advantages  tn 
able  and  cxpcrunccd  men,  and  even  IJiilish  telegraph 
engmcers  will  not  adventure  for  nothing.  The  author  also 
refers  to  the  serious  responsibility  of  the  officers  main- 
taining telephone  and  telegraph  lines  "seeing  that  the 
control  of  large  native  populations  depends 
I  ably  on  the  efficient  working  of  the  telegraph 
ci  should  place  more 
.^  in  order  to  attract 
i'Ciieiice  and  ability  to  do 
y.  One  other  reason  wliv 
I  be  offered  is  tliat  the  Home 
.^-.  Advances  in  salaries  in  many  of 
the  ranks. 

Mr.  W.  L.  PRBECE  (in  refly) :  IJeforc  dealing  with  the 
points  raised  in  the  discussion  1  feel  that  I  must  apologue 
for  not  making  myself  clear  on  two  important  points.     The 
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knowledge  of  this  will  proltably  cause  koine  of  the 
speakers  to  modify  their  views  regarding  the  system  lo 
be  emploved. 

Sii   " 
ties  ' 

One  i    liuiii   1; 

exi>ci  n   South   A 

wires,  and  this  is  unquestionably  a  most  •«riuus  ; 

solve.     I  remember  discussing  this  matter  with  M.      ... 

the    Chief  Telegraph   Kngineer   to  the   Buenos   Ayres   & 

•  "acific  Railway  Company  a  short  tun  '  '.  '    ' 

he  told  nic  that  he  was  able  tu  overc 

some  extent  by  having  not  ' 

widely  apart — 011  an  arm,  lliu 

in  the  vertical  plane.     For  he  lound  tnat  tiu 

by  these  webs  were  usually  those  on  the  -^ .    ^         c 

wind  which  blew  the  webs  on  to  the  wires  being  strong 
enough  to  break  webs  connecting  wires  which  were  ver- 
tically separated.  1  am,  however,  speaking  here  from 
memorv,  and  1  am  unable  to  put  my  hands  on  the  notes 
I  took,  and  Mr.  Stubbs  is  now  in  South  America  If  I  mav 
say  so,  I  think  Sir  John  has  not  :  1 

of  solid  joints,  for  he  refers  to' an 

u-^ed  for  the  joints,  .\ctually,  paraltin  wax  is  used.  1  tie 
cable  is  dipped  into  a  bath  of  hot  melted  paraffin  u  .t 
immediately  the  seal  is  broken,  and  as  there  is  a 

vacuum  in  the  cable,  the  wax  is  suo'     '  the  cable  1   i  j 

distance  of  several  inches,  thoro  ;.  :ii!  the  end.     It 

■    l>e   remembered    ■ 

iiid,  so  that  any  i  v 
ring  IS  very  minute.     I  rati.  e  lauit  :»ir 

John  fears  would  ever  be  exjv  , 

Mr.  Cook  \k-as  somewhat  severe  on  my  statements,  but  I 
nevertheless  believe  that  if  he  had  had  any  exjyrrience  of 
these  real  tropics  with  the  damp  heat,  vegetation,  etc.,  he 
would  ha  elf.     Wliat 

IS  the  ri  .m  ?     The 

t.ilkiiig  quoJ,: 

lli.iii  with  a  1  . 

the  total  line  resistance  exceeds  a  lew  huii 
when  the  insulation  is  low.     There  is  no  .. 
central-battery  supervisory  circuits  which 
with  the  clearing  circuit  introduced  into  the  .<>  > 
both  are  equally  advantageous  to  the  user.     Th 
real  advantage  rests  in  the  more  rapid  handling  01  i:.i.  >.a.i>. 


564 


PREECE:   TELEPHONE   TROUBLES   IN    THE   TROPICS:    DISCUSSION. 


Mr.  Pr«cc.  But  in  the  tropics  the  number  of  calls  per  hour  is  invariably 
lower  than  is  the  case  in  English  towns,  and  the  urgency  of 
rapid  handling  is  therefore  far  less.  .\  central-battery  instal- 
lation costs  more  to  erect  and  more  to  maintain,  especially 
in  the  tropics,  than  a  magneto  system.  With  all  due  defer- 
ence to  Mr.  Cook  and  to  Mr.  Slingo,  an  engineer's  duty  is 
to  recommend  the  most  suitable  system  having  due  regard 
to  the  expense  of  the  plant  both  for  installation  and  main- 
tenance. It  is  not  his  duty  to  recommend  to  local  authori- 
ties the  latest  system  just  because  it  has  been  found  the 
most  suitable  in  other  places.  Local  troubles  and  local 
finance  must  be  carefully  considered.  Both  English  and 
.\merican  engineers  are  inclined  to  treat  fhe  central-battery 
system  as  a  sort  of  fetish  and  think  it  should  be  employed 
on  every  and  anv  occasion  without  considering  the  special 
local  conditions.  To  argue  as  Mr.  Cook  does,  that  because 
the  National  Telephone  Company  were  wrong  in  resisting 
the  introduction  of  the  central-battery  system  15  years  ago 
owing  to  their  wires  in  London  being  overhead,  therefore 
I  am  wrong  in  resisting  the  use  of  that  system  in  the 
tropics,  is  absurd.  In  London  satisfactory  insulation  of 
overhead  lines  is  always  obtainable,  in  the  tropics  it  is 
not,  and  can  never  be  under  present  conditions.  The 
objections  raised  to  the  introduction  of  the  central-battery 
system  in  England  some  15  years  ago  was  mainly  due  to 
prejudice  and  to  a  fear  of  the  unknown.  The  objection 
to  the  introduction  of  this  system  into  the  tropics  is 
due  to  knowledge  of  the  special  difficulties  which  would 
have  to  be  overcome,  the  unnecessary  expense  which 
would  be  incurred,  and  the  absence  of  any  essential 
advantage.  Overhead  lead-covered  cables  are  used  and 
are  satisfactory,  but  to  employ  an  overhead  cable  when 
the  line  consists  of  only  four,  six,  or  eight  conductors  is 
not  economical  and  economy  is  a  ruling  question  in  these 
tropical  countries.  Also  in  many  cases  lines  of  poles  are 
erected  to  carry  two  circuits,  and  year  by  }'ear  these  cir- 
cuits gradually  increase  in  number.  The  time  may  come 
when  the  engineer  feels  himself  warranted  in  dismantling 
this  line  and  running  an  aerial  cable,  but  this  involves 
considerable  expense  which  he  has  fully  to  justify  to  his 
Government.  He  often  finds  it  less  troublesome  to 
continue  with  the  overhead  line  ! 

Mr.  Cook  refers  to  steel  rails  and  concrete  poles,  but 
neither  can  be  used  when  road  transport  is  necessary. 
The  expense  of  transport  quickly  raises  the  cost  of 
these  poles  far  above  that  of  the  Hamilton  or  other  iron 
pole.  Even  light  iron  poles  which  cost  25s.  f.o.b.  are 
found  to  have  cost  even  £;}  by  the  time  they  are  erected 
in  certain  up-country  districts.  Steel  rails  are  used  most 
successfully  on  railways,  as  Mr.  Mc.A.lpine  pointed  out,  and 
concrete  poles  can  be  used  in  towns,  but  for  country  lines 
they  are  out  of  the  question.  I  have,  unfortunately,  no 
meteorological  figures  at  hand  to  be  able  to  answer  Mr. 
Cook's  question  on  this  point.  But  there  is  no  doubt  that 
in  tropical  countries  of  the  special  type  I  dealt  with,  the 
humidity  is  always  extremely  high  the  whole  of  the  24 
hours  and  during  the  greater  part  of  the  year. 

Mr.  Slingo  is  quite  right  in  saying  that  the  central- 
battery  system  has  proved  itself  to  be  a  good,  efficient, 
and  economical  system  in  temperate  zones.  But  when 
difficulties  are  such  that  the\-  can  only  be  overcome  by 
a  very  large  expenditure  of  mone}',  it  is  not,  as  I  have 
already  said,  the   function  of   the  engineer  to  overcome 


them  in  order  that  tliat  system  may  be  applied.  If  the  Mr.  Pn 
use  of  a  simpler  system,  which  gives  sufficient  satisfaction, 
can  be  obtained  at  a  lower  cost,  any  engineer  having  due 
regard  for  the  fmancial  side  of  tlie  question  must  recommend 
the  simpler  system.  Mr.  Slingo  is  perfectly  right  about 
the  automatic  system  ;  it  would  be  unquestionably  an 
immense  boon  to  the  population  of  the  tropical  towns, 
and  it  may  yet  come.  But  1  doubt  if  he  would  be  so  keen 
to  introduce  it,  even  into  this  country,  if  most  of  his 
mechanics  and  attendants  were  uneducated  coloured 
men,  and  if  his  white  assistants  required  more  than  double 
the  salary  they  now  receive  in  order  to  live  decently. 
In  the  tropics  the  question  of  a  properly  trained  staff 
is  far  more  serious  than  in  any  other  part  of  tlie  world. 
Mr.  Slingo,  like  most  English  engineers,  does  not  realize 
this.  Mr.  Slingo  speaks  highly  of  tlie  enamelled  wires 
which  pass  the  British  Post  Office  tests.  Unfortunately 
those  which  have  given  trouble  had  passed  those  tests,  and 
I  hear  that  the  Post  Office  are  not  free  from  similar  troubles. 
I  am  very  glad  to  hear  that  glass  insulators  are  being 
tested  by  Mr.  Slingo.  I  tried  to  get  some  a  year  or  two 
back,  but  the  difficulty  of  having  them  made  to  fit  a 
standard  screwed  stalk  then  blocked  the  way.  Mr.  Slingo 
states  that  these  insulators  should  be  supported  by  a  hard 
wood  pin  specially  treated.  This  is  a  sliglit  drawback  and 
I  believe  elsewhere  iron  stalks  are  used.  I  sent  to  Nigeria 
some  of  the  indestructible  insulators  to  which  Mr.  Slingo 
referred  ;  in  six  months  they  disintegrated  !  I  must  thank 
him  very  much  for  the  suggestion  to  try  lightning  pro- 
tectors enclosed  in  hermetically  sealed  copper  tubes.  I 
have  not  come  across  these  and  I  feel  sure  that  they 
would  be  well  worth  testing.  Most  of  the  tropical  engineers 
now  use  the  British  Post  Office  type  of  leading-in  wires 
and  find  them  most  satisfactory. 

Mr.  Slingo  mentioned  the  automatic  exchange  at  Simla. 
Unfortunately  Simla  has  not  a  tropical  climate  at  all ;  it  is 
more  like  this  country. 

Mr.  Kingsbury  is  another  telephone  engineer  who  does 
not  appear  fully  to  understand  the  difficulties  experienced 
in  the  tropics.  I  have  already  dealt  with  the  points  raised 
by  him. 

I  am  glad  to  find  that  both  Mr.  Weightman  and 
.Mr.  Laidlaw,  who  both  know  a  great  deal  about  tropical 
conditions,  agree  with  my  views.  Mr.  Weightman,  in  his 
communication,  answers  many  of  the  criticisms  very 
conclusively. 

Mr.  Stubbs  raises  an  important  point  as  regards  the 
difficulty  in  obtaining  information  about  faulty  apparatus. 
This,  however,  no  longer  obtains  to  any  great  extent ;  the 
engineers  now  do  send  home  the  actual  faulty  apparatus 
and  detailed  particulars  regarding  its  failure.  But  the 
difficulty  in  many  cases  lies  in  correctly  diagnosing  the 
reasons  for  the  failures,  and  in  reproducing  the  conditions 
here  which  caused  the  failures  there.  This  was  the  great 
impediment  to  the  discovery  of  the  true  reason  for  the 
breakdown  of  the  coils  wound  with  enamel-insulated  wires. 
Obviously  unless  one  knows  the  fundamental  cause  of  the 
fault,  one  cannot  be  sure  of  constructing  apparatus  which 
will  overcome  the  troubles.  The  suggestion  of  Mr.  Stubbs 
and  Mr.  Siemens  for  preventing  damage  by  wild  animals  is 
undoubtedly  efficacious  with  cattle,  camels,  and  such-like 
animals,  but  when  it  comes  to  giraffes,  elephants,  and 
monkeys,  who  can  reach  the  wires  in  the  centre  of  the  spans. 
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if  lar^t'  as  were  found  in  the  tropics,  but  as  this    , 

is  i;  \>se  their  point.     Development 

sti^  !i    ito  lines   are    inslalled    and 

wl.  lines  in  less  that  lo  years 

wt'.  iry.      He    and    Mi.   Cook 

rclcrrcd  to  the  use  ol  Mohammedan  women  as  operators. 
It  is  rather  remarkable  that  such  women  will  work  in  Con- 
stantinople, they  certainly  would  not  do  so  in  Mala\-a  and 
have  not  so  far  come  forward  elsewhere. 

Mr.  Webb  sut^ests  that  llie  telephone  administration 
sli'  lie    the    subscriber.      To   do   so   in    tropical 

co!  re  the  users  are  CVovernment  officials,  planters, 

Tj  icse,   and    Malays   is   a   serious    undert.ikiii}^. 

Tlu  ic  difficulty  in  doing  it  even  in  this  country. 

Mr.  Na»h  spoke  from  the  point  of  view  of  the  manu- 
facturer, and  raised  a  most  important  question.  The  fact 
that  almost  every  tropical  engineer  has  his  own  opinion  of 
the  finisli  and  general  construction  of  the  apparatus  he 
requires  docs  lead  to  complications  in  the  f.ictory,  and 
certainly  tends  to  increase  the  cost  of  the  plant.  But 
this  trouble  is  almost  insuperable.  There  can  l>e  no 
central  institute  or  authority  which  could  override  the 
views  of  the  local  engineer.  No  doubt  if  such  discussions 
as  this  could  be  held  whilst  all  the  engineers  were  at  home, 
some  imftortant  decisions  might  well  result  by  the 
ventilation  of  their  sever.il  views.  Unfortunately  never 
more  than  two  or  three  are  at  home  at  the  same 
time  «*  that  the  ch.inccs  of  bringing  them  and  the 
ni  •  s  all  together  are  very  remote. 

:  drew  attention  to  certain  important  troubles 
n* '  od  in   the  pafter,  but   which   require    careful 

ct':    :.„:i  by  manufacturers.     He   mentioned  also  one 

great  drawback  to  the  use  of  oil  insulators  ;  but  it  must 
be  '  '  '  '.  lut  that  in  the  damp  tropical  climate  which 
I  referred  to,  dust  is  almost  non-cxi>tent,  and 

il  .\h    havers  found  that  on  the  Midland   Railway  the  oil 
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This  is  most  important. 

Mr.  Scruby  isquite  right  in  -•  '•■••■•  "•  ■'  '•'••■■  "•  '  ■■'"  '""^ 
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Mr.   Aitken's   remarks    have    Iktcii    alicaily 
except  that  concerning  the    Relay  .^utuinatic    i 
Conifvaiiy.     I  do  not  think   it   can   be  said  that  1    ^;    -^ 
of    the  relays   in   the  tropics  as    having   proved   eiii      . 
satisfactory.     In  fact   at   present  they  have,  as  I    stj't  : 
given  considerable  trouble,      hut  if  this  can  he  ^ 
overcome  the  new  automatic  system  should  be  j 
to  the  tropics. 

Mr.  Noble  mentions  a  most  important  factor  in  rn^tinng 
good  lightning  protection,  namely  that  of  liavi   . 

g<Kxl  earth.     In  some   tropical   places  this  is  u _.- 

obtain,  though  not  so  much  so  in  the  damp  chniate  with 
which  this  paper   is   mainly  concerned.     It   is  also   ■    ■■ 
desirable  to  luve  the  carth-wirc  without  turns  or  l 
Most  of  the  colonies  tiiid  ttu- 
to  the  receiver  to  be  llic   :!i' 
see  tliat  Mr.  Noble  rcc 
more  elaborate  system? 

is  a  most  serious  one,  of  an  increased  skilled  stall,  as  : 
salaries  must  be  far  higher  than  those  paid  in  temp<.;^:^ 
/ones.     Mr.   Noble's  figures  ol   the  number  of   hnes   per 
(>osition  arc  very  valuable.     But  tl.  '  '  .  -   r^ 

to  large  boards  ;   I   was  dealing   . 

I  think,  the  normal  figure  is  loo  huts  jti   i.K»i;iv^;i.     1   ^j> 
extremely  pleased  lo  read   Mr.  Noble  >  remarks  regarding 
suitable  salaries  for  the  engineers  in  tropical  countries.     1 
can  only  hope  that  they  will  ^x  read,  marked,  learnt,  and 
inwardly  digested  by  all  tropical  Postmaster-Generals  and 
the  heads  of  the  various  CKJvernraents.     .\lso  that,  as  the 
Biilish  I'ost  Oflice  is  often  asked  to  supply  their  engineers 
to  the  colonics,  the  home   Knginecring  Department  will 
make  this  f>oint  quite  clear  in  future. 
1   must  express  my  deep  thanks  ti 
their  criticisms.    The  only  chance  of  >. 
ing  difficuUics  is  to  liavc  the  \iews  of  diflcrent  engine* is 
set  forth  as  fully  as  possible.     The  only  regret  I  feci  is 
that    it    was    not  |K>ssible  to  discuss  completely  the  sub- 
ject in  the  one  evening. 
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Introduction. 

In  the  manufacture  of  engineering  apparatus  keen 
competition  has  directed  increased  attention  to  every 
factor  affecting  economic  production.  Labour — as  regards 
workmen  and  staff— is  one  of  the  most  important  of  these 
factors,  and  the  object  of  this  paper  is  to  discuss  the 
requirements  of  trainmg  for  the  various  grades  of  employ- 
ment in  the  manufacturing  industry  and  the  lines  on  which 
such  training  can  most  effectively  be  carried  out. 

The  problem  has  received  much  attention  from  our 
foreign  competitors,  especially  in  connection  with  the 
efficient  training  of  workmen.  In  Germany,  for  example, 
the  training  of  youths  who  intend  to  enter  a  manufacturer's 
works  has  been  dealt  with  on  a  national  basis.  In  the 
United  States  a  similar  movement,  but  on  somewhat 
different  'ines,  has  been  strongly  supported  by  engineering 
aid  other  manufacturers.  In  this  country,  while  a  great 
aeal  of  attention  has  been  paid  to  the  training  of  the 
technically  educated  man,  comparatively  little  has  been 
done,  other  than  by  individual  employers,  to  determine 
and  provide  the  best  possible  training  for  youths  who  are 
to  become  skilled  workmen. 

The  grades  of  employment  to  be  considered  may  be 
divided  into  two  classes,  namely,  those  of  a  non-technical 
character,  and  those  for  which  technical  training  is  essen- 
tial. The  former  comprises  skilled  workmen  and  charge- 
hands,  and  the  latter  such  positions  as  those  for  works 


and  departmental  managers,  designers,  leading  draughtsmen 
and  foremen,  testers,  and  commercial  engineers. 

Preparation  for  "  non-technical "  positions,  in  so  far  as  it 
is  made  at  all  in  this  country,  is  by  means  of  "trade" 
apprenticeship,  for  which  youths  enter  works  straight 
from  school  at  the  age  of  from  14.  to  16,  and  are  "  bound  " 
to  a  trade  until  the  age  of  21.  For  the  "technical" 
positions  many  works  provide  a  special  practical  course, 
which  may  be  termed  "engineering"  apprenticeship,  the 
purpose  of  which  is  to  afford  a  broad  experience  in 
manufacturing  processes  and  metliods  rather  than  a  high 
degree  of  manual  skill. 

In  many  works  the  distinction  between  "trade"  and 
"engineering"  apprenticeship  is  clearly  drawn,  in  others 
a  "  trades "  course  only  is  provided.  In  the  latter,  the 
better-educated  and  most-promising  apprentices  who  have 
obtained  some  technical  knowledge  are  allowed  wider 
scope,  and  thus  are  fitted  in  a  measure  for  technical 
employment.  Some  works  make  no  effort  at  all  to  train 
men  for  technical  positions,  and  rely  on  recruiting  their 
staff  from  other  firms,  a  policy  whicli  in  the  long  run 
is  very  short-sighted. 

To  secure  the  greatest  gain,  both  to  the  individual  firm 
and  to  the  industry  as  a  whole,  it  is  important  to  aim  at 
training  each  youth  so  as  to  develop  to  the  utmost  his 
latent  ability,  and  to  prepare  him  most  expeditiously  for  the 
position  for  which  his  education  and  ability  fit  him.  If  he 
is  capable  of  rising  from  the  "non-technical"  to  the 
"technical"  grade  of  employment,  and  there  is  need — 
as  is  usually  the  case — for  him  in  the  latter  capacity,  it 
is  obviously  an  economic  waste  to  keep  him  in  the  ranks. 
If,  on  the  other  hand,  he  does  not  possess  such  ability,  it  is 
equally  important  to  train  him  so  as  to  develop  to  the 
fullest  extent  his  capacity  as  a  skilled  workman. 

While  it  is  important  to  provide  facilities  for  the  able 
youth  to  rise  from  the  ranks  to  a  technical  position,  it  is  an 
error  to  assume  that  every  trade  apprentice  is  capable  of 
so  doing  and  to  direct  educational  efforts  solely  to  that 
end.  The  fundamental  fact  must  be  recognized  that  the 
majority  of  such  apprentices  will  work  at  the  bench  all 
their  lives,  and  their  training  should  consequently  be  such 
as  to  fit  them  for  this  sphere. 

Non-technical  Employment. 

The  ordinary  workmen  comprise  three  main  classes  : 
(a)  the  craftsman  or  skilled  workman,  (6)  the  specialist, 
and  (c)  the  unskilled  labourer.  Of  these  the  first  two 
classes  only  call  for  consideration  here. 

The  craftsman  and  specialist  require  quite  different 
knowledge  and  characteristics.  The  former  needs  to 
concentrate  considerable  thought  upon  his  work,  to  possess 
initiative,  delicacy  of  touch,  co-ordination  between  hand 
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On  the  other  hand,  such  work  us  the  asscnihling  of 
mechanical  and  electrical  iittintjs,  repetition  work  in 
machining,  press  work,  and  various  other  branches  of 
electrical  manufacluri.-,  all  fall  within  the  scope  of  the 
specialist 

Sdftlion  /i>r  /f,l,/<•^  apfiinlmyliif:  —  Fitness  lor  any 
vocation  depends  u|K>n  inherent  characteristics,  and  to 
ensure  a  supply  of  suitable  Libour  for  the  engineering 
industries  it  is  first  of  ail  necess.iry  to  select  carcluUy  those 
youths  who  are  permitted  to  enter  the  skilled  trades. 

While  the  problem  of  devising  some  si^tisfaclory  means 
lor  determining  the  vocational  fitness  of  a  youth  is  engaging 
considerable  attention,  the  elTorts  hitherto  applied  appear 
to  have  resulted  in  very  little  practical  benefit  to  the 
engineering  trades.  In  this  connection  teachers  who 
ore  in  daily  contact  with  youths  in  the  elementary 
schools  could  render  much  assistance  by  observing  those 
likely  to  be  suited  for  skilled  handicrafts.  Apart  from 
more  exacting  psychological  tests,  a  youth's  proficiency 
in  freehand  drawing, — indicating  co-ordination  between 
hand  and  eye, — aptitude  for  handicraft  in  wood  or  metals, 
— as  shown  by  such  work  done  in  schools — evidence  of 
CMiistruclive  faculties, and  l^entfor  mechanicil  contrivances, 
.ill  iiulicale  to  some  extent  suitabihty  for  a  skilled  trade, 
li  observation  on  these  lines  is  supported  by  a  first-hand 
knowledge  on  the  part  of  the  teacher  of  the  requirements 
of  the  trade  and  of  its  scope  and  possibilities — a  knowledge 
which  should  be  acquired  by  study  and  by  visiting  engi- 
neering works  and  co-operating  with  employers — a  latent 
desire  for  such  a  vocation  might  be  developed  and 
fostered  in  the  student. 

In  view  of  the  various  features  influencing  the  choice 
<^'  •'  ^uch  as  the  financial  ptosition  of  the  parents 

•»nil  L-   in   the   vicinity   of   an    industrial  district, 

collaboration  between  the  educational  authorities  and 
parents  may  do  much  to  prevent  the  mortgaging  of  the 
future  of  a  youth  suitable  for  the  engineering  trades  by 
diverting  him  from  the  allurements  of  blind-alley  occupa- 
tions. 

/■  —While  there  is  much  to  be 

.ii-«'' of  the  youths  fiermitted   to 
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to  develop  his  mechanical  intelligence  anil 

think  logically,  to  absorb  knowledge  liom  <-•-- — .■ 

to  appreciate   the  value   of  science,   to  discount  ru, 

thumb    practice,    and    to   be   wilting   to   learn   from    inc 

knowledge  and  experience  of  others. 

While  there  is  much  ■ 
tion,    under    present    c> 
entering  a  skilled  trade  because  oi   llI^  v^ 
is  so  haphazard    that    organized   efforts  ai< 
ensure    the    proper    selection    of    youths.     No    vo(.^i 
affords  such  possibilities  of  secure  employment,  cou. 
wall  unlimited  opportunities  of  advancement,  as  that  1. : 
engineering  trades,  and  it   is  : 
a  vocation  the  youth  possessi:., 
physique,  and  greatest  inlelligeacc. 

KeijuireiiKiili  ot  training  tor  IraJa  iipprtHltcakif  — 
L'ndcr  modern  conditions  the  old-time  personal  relat:  i.- 
between  master  and  apprentice  are  no  longer  possilli.. 
The  apprentice  nowadays  is  directly  under  the  control 
of  a  foreman,  who,  while  often  capable  and  desirous  of 
teaching  him,  is  more  usually  burdened  so  much  with 
routine  duties  as  to  be  unable  to  do  so.  In  s' 
a  skilled  Workman  will  gladly  assist  an  appre. 
in  others  trade  knowledge  and  experience  is  jciiuuaiy 
guarded. 

Under  such  conditions  a  great  deal  of  the  apprentice- 
ship period  is  liable  to  be  inefficiently  utihtcd,  and  even 
in  those  works  where  special  eflorts  are  made  to  teach 
manual  operations  correctly,  there  is  a  great  deal  of  trade 
knowledge  of  importance  to  an  apprentice  and  which  he 
Is  unable  to  obtain  readily  in  the  '•hops. 

Suitable  training  comprises  two  phase*,  nimelv.  prac- 
tical experience  in  the  processes  and  :  >>ng 
to  the  craft,  and  trade  instruction,  i.(.  a  ^  :  the 
principles  underlying  the  methods  and  processes  em- 
ployed and  of  such  applications  of  science  as  bear  on  the 
trade.     The   former   c.an   only   be   acquired   salisfjclorUy 
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in  the  shops,  provided  the  apprentice  is  not  looked  upon 
merely  as  a  producing  unit  and  th.it  systematic  means 
are  taken  to  teach  him  the  manual  operations  of  his 
craft.  Trade  instruction  can  best  ho  dealt  with  quite 
separately  on  the  lines  suggested  later. 

Both  phases  of  training  should  be  directed  towards 
giving  each  apprentice  a  broad  knowledge  of  his  own 
trade  and  a  general  knowledge  of  those  akin  to  it,  so  as 
to  discount  the  narrowing  tendency  of  specialization. 

Practical  Irainiitg. — In  most  engineering  works  no 
special  facilities  are  provided  for  practical  training,  and 
an  apprentice  has  usually  to  pick  up  such  experience  as 
he  can  in  a  more  or  less  haphazard  fashion.  There  are 
of  course  notable  exceptions,  and  a  few  firms  have  well- 
planned  courses  and  take  keen  interest  in  their  appren- 
tices, both  inside  and  outside  the  works.  The  number 
of  youths  thus  efficiently  trained,  however,  is  exceedingly 
small,  and  quite  insufficient  to  have  any  real  influence 
on  the  quahty  of  the  rising  generation  of  artisans. 

In  some  works  instructors  are  employed  to  see  to  the 
progress  of  apprentices,  and  under  certain  conditions  this 
plan  is  very  satisfactory.  In  others  a  separate  training 
shop  is  provided,  as,  for  example,  in  certain  German  and 
American  works  referred  to  later.  An  example  in  this 
country  is  that  of  the  training  shop  for  instrument  makers 
provided  in  Mr.  Robert  Paul's  works  in  London. 

In  the  usual  engineering  works,  where  such  special 
means  of  practical  training  are  not  feasible,  good  results 
can  be  obtained  if  efforts  are  made  to  stimulate  the 
interest  of  the  foremen  and  works  staff  in  the  apprentices, 
on  lines  such  as  those  referred  to  later  in  connection  with 
apprentice  schools. 

Trade  instruction. — The  instruction  that  an  apprentice 
receives  during  his  period  of  training  should  be  directed 
primarily  to  bear  on  his  trade.  In  most  industrial  centres, 
however,  the  only  instruction  available  is  that  afforded  by 
evening  technical  classes,  and  this,  while  providing  an 
excellent  means  by  which  the  ambitious  3'outh  can  fit 
himself  for  technical  employment,  is  usually  of  little  or  no 
assistance  to  the  youth  who  is  to  be  a  workman  all  his 
life.  Moreover,  in  most  firms  it  is  not  compulsory  for  an 
apprentice  to  pursue  a  course  of  evening  instruction. 

In  the  case  of  youths  who  have  had  suitable  pre- 
apprenticeship  education,  instruction  should  comprise 
the  processes  applying  to  the  trades  and  the  principles 
underlying  them ;  the  names,  description,  preparation 
and  uses  of  the  tools  and  appliances  ;  a  knowledge  of 
how  to  read  drawings  and  diagrams  ;  a  knowledge  of  the 
physical  properties  of  the  materials  employed  ;  elementary 
ideas  of  the  cost  of  the  apparatus  produced  in  the  trade  ; 
the  importance  of  avoiding  waste  of  time,  effort,  and 
materials,  and  the  function  of  the  apparatus  or  parts 
manufactured. 

It  is  important  that  .the  instructions  be  so  imparted  as 
to  stimulate  the  j'outh's  ambition  to  attain  higher  skill, 
to  take  pride  in  his  work,  and  to  develop  his  latent  powers 
of  dexterity  in  workmanship  to  the  utmost.  Such  trade 
teaching  can  be  imparted  by  oral  and  written  means  ; 
and  this  method  possesses  the  important  effect  of  develop- 
ing a  youth's  ability  to  acquire  knowledge  from  other 
sources  than  his  own  personal  experience. 

Foreign  methods  of  training. — A  plan  of  training  that 
has  proved  satisfactorj'  in  other  countries  is  not  necessarily 


suitable  for  our  conditions,  since  the  cliaracter  of  the 
people,  the  system  of  education,  the  conditions  of  employ- 
ment and  of  national  life  have  to  be  taken  into  considera- 
tion. At  the  same  time  much  can  be  learnt  from  the 
methods  adopted  in  other  industrial  countries.  Some 
typical  features  of  these  are  as  follows. 

Germany. — It  has  been  stated  "that  the  plan  of  vocational 
training  in  Germany  must  aim  at  the  diminution  of 
economic  waste  by  ensuring  that  all  occupations,  however 
mean,  shall  be  practised  by  men  who  have  been  taught 
to  do  their  work  scientifically." 

With  foresight  and  thoroughness,  plans  have  been  made 
to  ensure  a  supply  of  well-trained  workmen  in  every 
branch  of  industry,  and  with  this  object  vocational  training 
is  made  an  important  feature  of  compulsory  continuation 
education. 

Youths  are  permitted  to  leave  school  at  the  age  of  14, 
but  must  continue  with  their  education  for  about  8  hours 
per  week  throughout  the  period  of  apprenticeship.  This 
compulsory  education  is  carried  out  for  the  most  part 
during  working  hours,  employers  being  required  to  make 
provision  for  the  youths'  absence  from  work  at  stated 
intervals,  such  as  two  half-davs  or  one  whole  day  per  week 

While  the  educational  scheme  varies  in  different 
industrial  centres,  the  plan  developed  by  Dr.  Kerschen- 
steiner  at  Munich  is  becoming  recognized  as  a  standard 
pattern.  In  this  centre,  around  which  there  are  a  number 
of  comparatively  small  industrial  works,  separate  classes 
are  arranged  for  the  youths  of  each  trade,  and  in  these 
classes,  apart  from  the  continuation  of  general  education, 
both  practical  and  theoretical  instruction  is  given  in  the 
trade  by  skilled  workmen  and  special  instructors. 

In  the  larger  industries  in  Northern  Germany  it  is  more 
usual  for  an  apprentice  school  to  be  provided  in  each 
works,  or  collectively  for  several  works ;  such  schools 
are  recognized  by  the  State  and  their  students  are  ex- 
empted from  compulsory  continuation  school  studies. 

Examples  of  such  schools  are  tliose  of  Messrs.  Ludwig 
Loewe  and  Messrs.  Siemens  &  Halske.  These  two  firms 
have  also  a  special  training  shop  for  apprentices,  in  which 
practical  instruction  is  given.  Quoting  from  a  description 
of  the  training  in  the  first-mentioned  works  ='=  : — 

"  Not  the  least  important  item  in  works  is  man — the 
workman.  A  thoroughly  well-trained  body  of  men  that 
have  been  long  established  in  the  firm  represents  a  huge 
benefit,  and  more  care  should  be  taken  in  choosing  and 
training  a  suitable  body  of  workmen  than  most  firms 
take.  .  .  . 

"  We  have  arranged  to  provide  theoretical  instruction 
in  a  special  school  for  apprentices,  for  we  are  quite 
convinced  that  the  foremen  cannot  be  expected  to 
impart  to  apprentices  as  much  theoretical  knowledge 
as  they  should  get  in  order  to  do  their  work  properly. 
The  foremen  have  too  many  other  things  to  attend  to 
and  there  is  too  much  noise  in  the  shops  ;  besides,  not 
all  foremen  are  suitable  for  the  task  of  instructing  boys." 

Apprenticeship  in  engineering  trades  extends  over  a 
period  of  four  years,  and  at  the  end  of  this  time  an 
apprentice  is  required  to  present  himself  before  a  com- 
mittee of  experts  who  examine  his  knowledge  of  the  trade, 
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oi  (om(:ii  inelhod«  ol   irainin^  with  a  view  to  piunnin|> 
a  national  scheme  o(  apprentice  training. 

In   Switierland,  continuation  education  o(   youths  em- 
bodvinn  tradi-  in^aruclioii  is  carried  out  on  a  plan  similar 
to  that  in  iK-rmaiiv.  and  iicfjlecl  on  the  part  o(  employers 
!    their   ohlifjalions    in    the    malti-r    of 
1  ,iiccs    under    their   control    is   legally 

(  Ihere  arc  day  schools  at  Basle  and  Winter- 

t:  -  xiiich  complete   practical   and   trade   insiruction 

is  given. 

A  typical  example  o(  complete  apprentice  training 
carried  out  entirely  in  school  is  that  o(  the  Skiensfjorden's 
Mechanical  School  al  Porsgrund,  Norway.  Here  about 
Kio  vv'ulhs  are  given  trade  instruction  and  practical 
training  during  a  3-year  course,  part  of  each  day  hcing 
spent  in  class  and  part  in  school  workshops.  The  results 
arc  said  to  lie  eminently  s;ilisfactory. 

Vniltd  Slatn.—Xn  the  United  States  there  is  as  yet  no 
national  scheme  for  the  vocational  training  of  juvenile 
workers,  although  much  has  been  done  in  this  direction 
by  individual  employers  in  various  industries.  In  the 
<  'iij  trades  youths  as  a  rule  enter  works  straight 

I  ol,  and  ill   the  past  the  general  tendency  has 

been  lu  produce  s|>ccialists  rather  than  all-round  workmen. 
In  some  industrial  centres  around  which  a  number  ol 
comparatively  small  works  are  situated,  special  schools 
(or  the  trade  instruction  of  apprentices  have  been  estab- 
lished. These  arc  usually  controlled  by  the  local  educa- 
tional authorities.  Prominent  examples  are  the  Slate  Trade 
Schitols  of  New  Britain,  and  of  Bridgeport  in  Connecticut, 
the  Kilclihur}^  Hi.;!i  School,  the  Worcester  Trade  Schools 
in  M.i^v.chiiMtl>  and  the  Cincinnati  Contiiiualion  School. 
I  is   a  typical   case    where   a    number   of    local 

combined  lo  support  a  trade  school,  which 
-iil-i-quently  came  under  the  control  of  the  local  cduca- 
iK'iial  authority. 

In  some  of  these  trade  schools  youths  attend  classes  on 

'--.  and  in  this  way  disorganization  and  loss 

..c  o(  nuchine  tools  is  avoided. 

.Vpi'icnlicc    schools    have    been    established    in     many 

of    the    large    engineering    woik>.      Such    works   include 
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many  other*. 

In  konie  ol  Ihete  lirm*  cUm  ui»lruclKMi  u  given  fur  a 
few   houis  each  week         '  ■fed 

III    the    works  under    ;  '' 

'inpanics  such   as  Ihr   \N'r«lmgh<Mjsr   jnd  <»rn«r»l 
Klectiic,   most    of    Ihe  pi  a.  » 

special  training  shop.      In    :  'Ih 

s[>ends  about  six  months  in  the  training  -  '  ^>c 

use  of  one  particular  tool  or  pt , ^cds 

to   the    main   shop,    where    he  lai    work   uiiJct 

L'uiiiiiier>.tal  conditions.  He  sui'^i.jncnliy  returns  lo  the 
apprciilice  scUlmjI  and  learns  the  use  of  aiK>lhcT  tool  or 
process,   and   so   on   till    the   (^  <p. 

Throughout  this  time  he  alteii  .  :>e 

•  a  certain  number  of  hours  }>er  week. 

In  the  General  Electric  Company  the  apprciitm  . 
all  his  time  of  training  either  in  class  or  in  tbe  training 
shop.  In  the  latter  he  is  moved  progressively  from 
machine  to  machine,  his  proficiency  being  gauged  by 
when  he  is  able  efficiently  to  "  break  in  the  ywith  wlw 
succeeds  him. 

A  4-year  period  of  apprenticeship  is  becoming  cuslomar> 
in  the  largest  works. 

The  lack  of  facilities  (or  evening  instruction  (avours  the 
development  of  the  apprentice  school,  and  the  Urge 
foreign-born  population  necessitates  the  provision  o<  a 
considerable  amount  of  general  education  in  addition  to 
that  require<l  for  trade  purposes. 

During   the   past   lew   years    con  las 

licen   taken   in  the  development  01  ol 

method  of  training,  and  most  of  the  large  works  ai  every 
kind  of  industry  arc  adopting  this  plan.  An  association 
known  as  the  National  Association  of  Corporation  Schools 
has  been  formed  (or  linking  up  the  efforts  ol  the  vanous 
tirms  interested  in  this  method  o(  training  apprentices. 

Tradti  Apfrailiu  stAiv/s. — It  will  l->e  :  '  '  >;  in  the 
various  industrial  countries  that  have  Ixi  :cd.  the 

combination  of  practical  training  eithei  in  woiks  or  in 
special  training  ^hops  and  of  trade  teaching  in  class  is  that 
most  favcured  for  the  training  of  workmen.  The  prin- 
ciple thus  embodied  is  by  no  means  novel  in  this  countr>'. 
having  been  adopted  very  many  years  ago  in  the  training 
of  naval  engineers  and  dockyard  apprentices,  and  also  by 
certain  manufacturing  firms. 

The  .Mached  to  woi  •  i  nis  the 

simple-  ll   means  01    .••,  *   pnn- 

ciple.     .Apprentices  work  in  the  si: 
conditions  for  a  part  of  each  day,  an  : 

certain  of  the  working  hours.  In  this  way  there  is  Ultlc 
time  lost  in  getting  to  and  from  work,  and  instruction  i> 
more  readily  assimilated  than  by  evening  study.  A  close 
111  ■  CCS  and  the  slaH'  :  the 

tl..;  ice  in  their  evcivilay 

wui  &  call  couscijuciili)   t>c   uioie   icadil\  Ibis 

nut'u-xl   of   training   allords   the   most    •  a^s   of 

.    with  special  features  peculiar  li>  ^^s  ; 
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readily  adaptable,  for  example,  to  tlie  explanation  of 
special  kinds  of  tools  or  apparatus,  and  the  most  efficient 
methods  of  handling  or  assembling  can  be  demonstiatcd. 
Where  a  number  of  youths  are  employed  in  the  same  kind 
of  work,  it  is  cheaper  and  more  expedient  to  teach  them 
the  best  methods  collectively  by  an  experienced  instructor, 
than  individually  by  several  people  of  indifferent  ability. 

The  close  supervision  possible  in  an  apprcnticcsliip 
school  enables  those  apprentices  deserving  of  promotion 
to  be  readily  selected.  In  this  way  the  interest  of  the 
remainder  is  increased,  and  a  spirit  of  emulation  is 
aroused. 

British  Westinghouse  Company  s  svsUiii  of  trades  apprenlicc- 
sliip* — The  apprentice-school  method  of  instruction  has 
been  adopted  by  this  compan)-,  and  serves  as  an  illus- 
tration of  the  general  working  of  this  plan  of  training. 

The  trades  to  be  dealt  with  include  pattern-making, 
moulding,  core-making,  fitting,  turning,  tool-making,  elec- 
trical assembling,  instrument-making,  armature-winding, 
tinsmiths,  and  various  divisions  of  specialized  work.  Also 
training  is  required  for  draughting,  testing,  and  other 
employment  such  as  estimating,  accounting,  and  commer- 
cial correspondence. 

Instruction  averaging  about  live  hours  per  week  is  given 
during  working  hours  to  all  "bound"  apprentices,  num- 
bering altogether  about  300  in  a  school  situated  in  the 
works.  The  regular  rate  of  wages  is  paid  during  the  time 
spent  in  study,  and  all  the  cost  of  books  and  stationery  is 
borne  by  the  firm. 

Candidates  for  apprenticeship  are  carefully  selected 
according  to  their  educational  qualifications  and  moral 
character,  and  after  passing  a  probationary  period,  which 
is  intended  to  test  their  fitness  for  practical  work,  they  are 
admitted  to  the  school. 

The  instruction  is  divided  into  two  classes,  "  General  " 
and  "  Trade."  The  general  education  is  a  continuation 
of  the  apprentices'  regular  education,  and  includes  an 
elementary  knowledge  of  science.  On  account  of  the 
comparatively  low  standard  of  education  possessed  by  the 
average  apprentice,  considerable  attention  has  had  to  be 
paid  to  this  class.  By  careful  selection  of  apprentices, 
however,  it  will  not  in  future  be  necessary  to  devote  so 
much  time  to  the  general  education,  and  more  attention 
can  be  paid  to  the  trade  instruction,  which  is  of  primary 
importance. 

The  teaching  is  done  by  12  members  of  the  firm's 
engineering  staff,  supplemented  by  lectures  from  the 
leading  foremen  and  shop  engineers,  which  deal  specially 
with  the  trade  subjects. 

The  contact  between  the  foremen  and  apprentices  in 
the  school  produces  excellent  results,  and  removes  the 
diffidence  which  many  of  the  apprentices  feel  in  approach- 
ing the  foremen  with  their  difficulties.  Where  it  is  required 
I J  illustrate  special  processes  or  describe  particular  appa- 
ratus, which  cannot  readily  be  done  in  the  school  by 
lantern  projection  or  drawings,  practical  demonstrations 
are  given  in  the  works. 

A  committee  of  apprentices,  elected  from  amongst 
themselves  and  representative  of  the  different  trades, 
co-operates   with   the    lecturing    staff.      This    committee 

•  For  more  complete  details  of  this  system  see  report  of  discussion 
on  "  The  Education  of  Engineers  "  before  the  Manchester  Association 
of  Engineers,  14  November,  1914. 


also  takes  control  of  the  library  of  the  school.  In  this 
library,  trade  catalogues  and    publications  figure  largely. 

The  most  promising  of  the  apprentices  are  selected  for 
work  in  the  testing  departments  and  drawing  office,  and  in 
other  respects  are  allowed  a  wider  range  of  work  than  that 
covered  by  their  own  trade.  Each  year  about  10  appren- 
tices are  selected  as  a  result  of  their  school  work  and  shop 
progress,  and  sent  for  one  whole  day  each  week  to  the 
course  for  engineering  apprentices  at  the  Manchester 
Municipal  School  of  Tcclmology.  The  cost  of  tuition, 
books,  etc.,  is  borne  by  the  firm,  and  no  deduction  is  made 
from  wages  during  the  time  spent  at  the  school.  Such 
youths  are  marked  for  advancement  in  the  company's 
service  as  suitable  opportunities  occur. 

Through  their  work  in  the  school  the  interest  of  the 
foremen  is  aroused,  and  as  a  result  increased  attention  is 
paid  by  tliem  in  the  shops  to  the  practical  training  of 
apprentices. 

This  apprentice  school  has  only  been  in  operation  for 
about  a  year,  but  so  far  the  results  both  from  the 
point  of  the  company  and  of  the  apprentices  are  most 
encouraging. 

Advancement  of  trades  apprentices. — While  the  primary 
function  of  the  apprentice  school  is  to  prepare  youths  to 
become  good  workmen,  its  secondary  object  is  to  enable  a 
selection  to  be  made  of  promising  youths  for  promotion  to 
positions  where  they  can  be  more  advantageously  employed, 
as,  for  instance,  charge  hands,  foremen,  and  inspectors  ;  and 
in  this  connection  as  the  quality  of  the  workers  is  improved, 
it  is  probable  that  the  standard  of  the  foremen  will  require 
to  be  adjusted  accordingly. 

In  addition  to  such  positions,  the  apprentice  school 
affords  a  ready  means  of  selecting  apprentices  who  can 
profit  by  technical  training  and  rise  to  higher  posts.  By 
promoting  some  of  the  apprentices  on  account  of  merit  in 
this  manner,  encouragement  is  given  to  all  the  remainder 
to  strive  for  advancement,  and  the  results  are  beneficial 
alike  both  to  employers  and  employees. 

The  provision  of  a  channel  whereby  an  apprentice  can 
rise  from  non-technical  to  technical  employment  is  a  most 
desirable  feature  and  should  be  given  every  encouragment. 

Technical  Employment. 

Almost  every  engineering  commodity  is  now  manufac- 
tured in  large  quantities,  by  standardized  operations,  and 
organization  is  planned  to  secure  the  most  economical 
production  possible.  A  technically  trained  engineer  who 
enters  a  manufacturer's  works  and  intends  to  remain  in 
that  branch  of  the  industry,  therefore,  requires  quite 
different  training  from  that  of  one  who  ultimately  expects 
to  take  up,  for  example,  civil  engineering,  operating  work, 
or  the  broader  scope  met  with  in  colonial  engineering. 

The  various  kinds  of  technical  employment  in  engineer- 
ing manufacture  are  as  follows  : — 

(i)  The  works  side,  including  such  positions  as  works 
and  departmental  managers,  shop  engineers, 
leading  foremen,  assistants  in  the  inspection, 
testing,  estimating,  and  drafting  departments. 

(2)  Designers. 

(3)  Commercial  engineers. 

Works. — The  works  side  affords  an  increasing  scope  for 
technically-trained  men  possessing  a  bent  for  organization, 
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oi  luanuiaclure,  to  investigate  troubles  and  hitches 
wherever  they  occur,  to  devise  economic  methods  of 
manufacture,  and  where  necessary  to  alter  existing  designs 
no  as  to  emiblc  the  most  economic  and  up-lo-datc  metliods 
of  manufacture  to  be  employed.  On  somewhat  Mmiiar 
lines,  but  solelv  with  a  view  to  quick  and  cheap  produc- 
lion,  certain  American  works  have  employed  what  is  there 
ter:  v  engineers." 

>  -  require  good  technical  training,  suitable 

shop  practice,  and  drawing-office  experience. 

Apart  from  these  positions,  iini>ortant  vacancies  in  the 
estimating  department  should  be  filled  by  technically- 
trained  men  who  have  an  intelligent  understanding  of 
works  processes.  Such  men  are  in  a  position  to  delect 
lc.ili.ige>  and  determine  where  economics  in  working  can 
l>e  ciucted,  which  are  likely  to  be  overlooked  if  ordinary 
clerical  labour  is  employed.  In  the  testing  department 
the  leading  men  should  .ilso  have  good  technical  training. 
This  department  is  the  backbone  of  the  designing  office, 
and  scientifically-trained  intelligence  there  is  invaluable. 

Dfiign. — For  this  branch,  scientific  training  is  indis- 
pensable, and  a  great  many  technically-trained  students 
look  to  it  for  their  future  employment.  It  is  not  suffi- 
cic  -ed   that   for    >uch    work    thorough    practical 

ex^  1  the  shops,  including  an  intimate  knowledge 

of  inanulacluring  costs  and  processes,  is  invaluable.  In 
ihis  respect  lies  the  principal  difference  between  the 
training  of  the  designing  engineer  in  this  country  and  that 
III  (.jcnnany.  In  the  latter  country  practical  experience 
is  to  a  very  large  extent  dispensed  with,  and  greater 
vvci>;ht  is  placed  on  scientific  training. 

\|jrl  from  its  direct  value,  works  experience  is 
t-iMiial  in  developing  the  intuitive  capacity  which 
>luii=  to  be  a  particularly  marked  characteristic  of  British 
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all  of   which  have  liccn  discussed  from  time  to  time  by 
iceiing    societies    '  " 

.>>d  for  training  eii^. 
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(a)  Hy  a  trades  apprenlice>hip  combined  wr 

or  part-time  study.     This   melliod   is  j 
applicable  to  manufacturing,  and  an  e 

suitable  means  for  the  adv.incenient  of  a;..>.  > 

has  already  been  set  forth  in  connection  with  the 
British  We -•  .■  Company  s  method  of  train- 

ing trade  .i,  .  -  ^. 

(b)  By   a   short   [>cfiod  ul   say  a  year   in 

college  cour>e,  followed  by  works 
This  plan  was  recommended  by  the  In-'  ! 
Civil    Engineers.*     While   difficulty   is  ; 
found  in  arranging  such  a  course  with  manufac- 
turing  firms   who   object    to   the    ■'         ■•    ■■i 

winch  is  liable  to  follow  from  an  af  , 
ing   at   first   only  a  -  ■  val    m    \wik5.    \:i-> 

dilficulty  is  not  an    i..  '  ible   one,  and  the 

preliminary  j»criotl  of  pi.i  ""g  ca"  often 

be   Used   to   considerable  -      in    preparing 

by  evening  study  for  the  matriculation  or  other 
entrance  examinations  required  by  the  technical 
school.  In  other  respects  this  plan  is  very  well 
suited  for  (' 

(c)  By  taking   -i 

course.  Tlit»  plan  is  iiii 
course,  except  for  the  p- 
ing,  and  the  san  remarks  jpi'iy. 

(J)  By  sandwiching  t  -„ 1  works  ti..  n.ns:  in  vary- 
ing periods.  This  sandwiching  s\  been 
employed  to  a  large  extent  in  ScotU.,...  .».,v;e  tlic 
method  is  most  adaptable  to  the  arrangement  ot 
^.  .ir>es.  It  ■  "  '  ' 
I..  ,.  with  a  . 
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Nortliampton  Polyteclinic  Institute,  :ind,  on  some- 
what different  lines,  tlie  Faraday  House  hZlectrical 
Engineering  College.  Other  prominent  institutions 
have  also  adopted  this  system  to  some  extent.  The 
method  does  not,  however,  find  much  favour  with 
some  manufacturers,  who  object  to  the  disorganiza- 
tion which  it  tends  to  produce. 
{e)  By  taking  a  complete  works  apprenticeship  prior  to 
the  technical  training.  This  is  not  a  satisfactory 
method  for  training  for  technical  positions  in 
manuf.icturing. 

Of  these  plans,  ((;),(/'),  and  (c)  are  most  suitable  from 
the  manufacturer's  point  of  view  :  but  whicliever  method 
is  adopted,  it  is  desirable  that  the  practical  training  should 
terminate  in  the  works,  since  a  better  opportunity  is 
afforded  to  the  student  for  obtaining  permanent  employ- 
ment with  the  firm  in  which  he  has  obtained  liis  training. 
It  is  also  most  important  that  the  entire  training  be  pre- 
ceded by  thoroughly  sound  general  education. 

Technical  irainnig. — Since  most  students  have  little  idea 
at  the  commencement  of  their  studies  as  to  what  branch 
of  employment  they  will  subsequently  enter,  it  is  imprac- 
ticable, even  if  it  were  desirable,  for  college  authorities  to 
direct  technical  training  along  specialized  lines.  On  the 
other  hand,  much  more  could  be  done  to  keep  before  the 
student  the  importance  and  possibilities  of  the  manufactur- 
ing side  of  the  industry,  particularly  in  regard  to  the 
works  section,  as  already  noted.  In  this  connection, 
technical  studies  might  with  advantage  include  works 
organization,  costing,  and  estimating,  and  attention  might 
be  directed  to  trade  journals  with  a  view  to  the  appreciation 
by  the  student  of  manufacturing  problems.  Such  subjects 
are  at  present  included  only  in  the  syllabus  of  a  few  of  the 
leading  technical  schools. 

A  matter  of  importance  in  connection  witli  the  technical 
training  is  the  absence  at  present  of  effective  means  for 
eliminating  at  an  early  stage  students  who  are  unsuited  for 
the  engineering  profession.  Discrimination  in  this  respect 
appears  to  be  most  satisfactorily  effected  where  the  train- 
ing is  carried  out  on  the  sandwich  system,  since  the  fitness 
or  otherwise  of  many  young  men  is  not  fully  shown  up 
until  they  attempt  to  undertake  practical  training. 

Practical  training. — There  is  a  wide  diversity  of  opinion 
as  to  how  long  a  period  of  practical  training  a  technically 
educated  \'oung  man  should  have,  and  what  its  nature 
should  be.  Some  firms  adhere  to  the  S-year  apprenticeship 
scheme  as  applying  to  all  young  men,  whether  they  are 
being  trained  as  workmen  or  for  technical  positions,  but 
the  more  modern  tendency  is  to  arrange  a  shortened 
■course  for  the  latter. 

The  position  is  analogous  to  the  training  of  officers  for 
the  Arm}-.  Not  every  officer  rises  from  the  ranks, 
although  there  are  facilities  for  so  doing.  The  more  usual 
course  for  one  possessing  sufficient  education  and  other 
requisite  characteristics  is  to  enter  an  officers'  training 
corps,  or  by  other  similar  means  acquire  in  the  most 
efficient  and  expeditious  manner  the  experience  required 
for  his  position. 

Similarly  in  regard  to  the  young  man  who  is  to  be 
specially  trained  for  a  staff  position  in  a  manufacturing 
organization  ;'  while  long  practical  experience  is  excellent, 
it  is  not  the  most  effective  method  of  attaining  the  end  in 


view.  Moreover,  a  man  who  has  had  his  intelligence 
developed  by  a  technical-college  course  should  be  able  to 
acquire  practical  experience  at  a  much  quicker  rate  than 
one  not  so  educated.  In  view  of  this,  and  bearing  in 
mind  that  both  in  Germany  and  the  United  States  a  4-year 
course  of  practical  training  has  been  found  to  give  satis- 
factory results,  even  for  youths  who  intend  to  be  workmen 
all  their  lives,  a  shorter  course  than  this  would  appear  to 
meet  the  needs  of  men  trained  for  the  staff.  The  object 
of  practical  training  for  such  positions  is  to  afford  an 
insight  into  manufacturing  methods  and  economics,  and 
to  acquire  a  knowledge  of  how  to  handle  men. 

British  Wcstinghouse  plan  of  training  "engineering" 
apprentices. — In  addition  to  the  arrangements  for  training 
"  trades  "  apprentices  already  described,  this  company  has 
for  the  past  12  years  trained  "engineering"  apprentices 
according  to  certain  well-defined  courses. 

Young  men  of  the  age  of  20  and  upwards,  who  have  had 
a  thorough  scientific  training  at  a  university  and  possess 
an  Honours  degree  in  Engineering  or  are  in  other  respects 
considered  eligible,  are  admitted  to  a  2-year  course  of 
apprenticeship  on  the  recommendation  of  their  college 
authorities. 

Young  men  of  from  18  to  20  who  have  had  a  good 
technical  education  are  apprenticed  for  three  years. 

A  further  course  of  four  years'  duration  applies  to  youths 
of  over  16  years  of  age  who  possess  a  good  general 
education  and  some  elementary  technical  knowledge. 
This  latter  course  is  graduallv  becoming  superseded,  and 
such  youths  more  usuall}'  enter  the  "  trades  "  course  where, 
with  their  superior  education,  they  have  ample  opportunity 
of  advancement  to  a  technical  position. 

These  "engineering"  apprentices  are  placed  either  in 
the  electrical  or  the  engine  side  of  the  works,  according 
to  which  of  these  two  branches  their  technical  training  has 
been  directed.  In  the  former  the  shop  experience  com- 
prises work  in  such  departments  as  those  for  the  manufac- 
ture of  large  electric  generators,  motors,  transformers, 
switchgear,  controllers,  detail  apparatus,  instruments,  etc. 
The  latter  includes  the  departments  for  gas  and  Diesel 
engines,  turbines,  and  condensers,  and  the  foundry,  pattern- 
shop,  etc.  In  addition  to  the  manufacturing  departments, 
the  apprentices  have  opportunities  for  entering  the  testing 
departments,  drawing-office,  designing,  and  commercial 
departments.  The}'  are  moved  from  department  to  depart- 
ment, as  a  rule  every  few  months,  and  every  endeavour 
is  made  to  develop  the  apprentice's  capacity  by  giving  him 
responsible  work  to  do.  The  first  6  months  of  apprentice- 
ship are  served  on  probation. 

The  object  of  these  courses  is  to  train  suitable  young 
men  for  the  company's  service  in  either  the  works,  or 
design  departments,  or  in  the  commercial  sections  of 
the  organization  at  home  and  abroad.  In  the  works 
they  acquire  experience  in  manufacturing  requirements, 
become  thoroughly  acquainted  with  the  wide  range  of 
apparatus  manufactured  by  the  firm,  and  in  so  doing 
develop  their  bent  for  one  or  other  of  the  divisions  of 
employment  in  which  to  specialize.  Prior  to  the  end  of 
their  course  of  training  apprentices  are  usually  placed 
in  one  or  more  staff  positions  on  trial. 

Heretofore,  during  apprenticeship,  only  a  nominal  rate 
of  wages  has  been  paid.  Owing,  however,  to  the  fact  that 
many  promising  young  men   have  on  this  account  been 
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100  "  engineering "  apprentice*  at  all  times  in  cour«e  of 
training,  and  the  resulls  of  thi«.  plan  of  training  \\*w 
on  the  whole  been  e\cc-lli-nl. 

CON'CLI'SIOX'S. 

;  I    for   a 
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cinplovnicnt  IS  evident,  and  the  ini|K)riance  01  the  subject 
)ustilies  concerted  steps  being  Ukcn  by  manufacturers 
to  plan  the  most  suitable  means  of  training,  and  as  far 
as  p»^-<- t  '  ^ure  uniformity  of  action  by  all  employers. 

Ill  t:  the  "rank  and  tile"  of  workers  it  is  first 

(,;  N  of  the  soundest  character 

ai,  11;  in  mind  that  it  i-'  under- 

lying characteristics  railici  than  manual  skill  that  ileter- 
mines  the  quality  of  the  workman.  In  the  selection  of 
youths  employers  should  reali/c  their  individual  responsi- 
bility and  appreciate  that  every  incfticient  youth  admitted 
to  engineering  employment  is  a  handicap  to  the  industrii'. 

Special  pre-apprenliceship  instruction  is  desirable,  both 
as  a  means  of  pieparation  and  also  of  determining  litness 
for  entrance  to  works.  The  various  difficulties  that  this 
instruction  presents  could  generally  be  surmounted  by 
close  co-operation  l>ctwccn  employers  and  educational 
authorities  in  industrial  centres. 

Having  secured  suitable  material  for  trades  apprentice- 
ship, the  function  of  the  subsequent  training  is  two-fold. 
One  is  to  select  those  youths  who  possess  the  ability  to 
prot'il  by  technical  instruction,  and  to  provide  for  such 
youths  facilities  for  their  advancement  to  positions  where 
their  capabilities  may  be  fully  utilized.  The  other  is 
to  train  youths  Licking  in  such  ability  so  as  best  to  fulfil 
their  function  as  workmen. 

In  the  efficient  training  of  the  latter  two  requirements 
must  be  provided — manual  experience  and  trade  instruc- 
tion. In  regard  to  manual  instruction  a  separate  training 
shop  in  a  works  otfcrs  many  advantages  ;  and.  failing  this, 
a  special  apprentice  instructor.  These  means  are,  how- 
ever, not  widelv  applicable,  and  in  their  absence  it  is 
necessary  for  each  employer  to  take  steps  to  ensure  that 
the  foreman  and  works  staff  give  personal  attention  to  the 
tr.iining  of  the  apprentices  under  their  charge.  In  most 
engineering  works  such  attention  is  almost  entirely 
...ckiiig. 

■   10  trade  instruction,  the  evening  technical 
in    most   industrial  centres  are  quite   un- 

.  .  ••    v  Id  be  made  directly  applic- 

.>\<\x-  K'  Hii  ;    .  I,  and  appientices  should  be 

compelled  by  their  employers  to  attend  classes  for  suitable 
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value  to  apprentice*  and  teachers  alike,  would  mttvc  to 
ke«p  iniitruction  throughout  the  industry  of  the  uunc 
character,  and  would  prevent  teathcis  drifting  from 
••liade  into  "technical"  instruction,  a  tcndeiK-y  which 
is  almost  inevitable. 

As    regards    "  engineciiiig  ■<> 

important  that  the  training  be         .  m 

'  lines  in  different  works  as  in  the  case  ol  trades  appren- 
tices, on  account  of  the  widely  differing  range  of  e«pcn- 
ence  that  different  firms  have  to  offer.  Some  guidance  as 
to  the  duration  of  apprenticeship  and  conditions  oi 
employment  would,  however,  be  desirable. 

Attention    is    directed    to    the    value    of    v  v- 

trained  men  in  works  organizatiun.  and   to  t;.  -it 

except  in  isolated  cases  the  technical  colleges  nave  neg- 
lected to  give  attention  to  this  field  of  employment. 

In  connection  with  the  training  for  all  positions  whether 
ol  a  technical  or  non-technical  character,  the  importance 
of  securing  the  best  piossiblc  material  cannot  be  over- 
emphasized, and  it  is 
to  place  any  obstacle 
way  of  admitting  promisiny;  suuiig  iiicu  lo  i)ic  . 

As  to  the  economic  importance  of  training  .^  ^-. 

money  and  service  thus  expended  may  be  viewed  in  the 
light  of  an  investment. 

Individual   employers   reap   direct    benefit    due   to   the 

I  fact  tliat  trades  apprentices,  as  a  result  of  careful  training, 
mature  at  an  earlier  age  than  those  not  so  trained.     Also, 

1    owing  to  their  ability   to  read  'P 

calculations,  they  require  less  -  ce 

from  their  foremen.     The  qu.ilily  01  r, 

and  apart  from  saving  direct  labour  >-■  ^<^ 

may  be  favourably  affected  if  the  principles  of  etticient 
working  have  been  taught.  Improved  relations  between 
employers  and  employees  may  be  looked  for  as  a  result  of 
this  attention  to  juvenile  labour. 

As   to  the   industry    gener:illv,    improved   labour  would 
Ih:   a   I  .  -n. 

Also  b>  "g 

I  manufacturers,  the  tendency  lor  workers  to  move  around 
from  works  to  works  in  search  of  wider  experience  would 
probably  be  reduced,  and,  as  an  indirect  result,  consider- 
able economy  would  be  effected,  the  cost  of  engaging  and 
discharging  workmen  iK-mg  very  much  greater  lliau  is 
usu.illy  M  be  the  case. 

Tlic  ^nt  of  each  worker   to  his  greatest  efl5- 

ciencv  and  uselulness  would  be  a  national  gain. 
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Discussion. 


Professoi'  E.  \V.  Mauchant  ;  It  is  piuticuUuly  interesting 
to  those  who  are  engaged  in  the  education  of  engineers  to 
have   the    opinion   of   one   who   has   had   many   students 
through  his  hands,  and  I  think  a  paper  of  this  kind  will  be 
of  great  assistance  to  us.     In  the  first  place,  I  should  like  to 
say  a  few  words  about  that  part  of  the  paper  which  deals 
with  the  training  of  trade  apprentices.     Tlie  author  says 
that,  on  the  whole,  evening  classes  are  not  regarded  witli 
favour.     Personally,  I  am  very  glad  indeed  to  know  that 
such  is  the  case,  because  it  seems  to  me  that  it  is  a  ph\'sical 
impossibility  for  a  man  who  has  been  engaged  in  manual 
or   other   labour  during   the  daytime  to  study  effectively 
if  he  gets  his   technical   education  in  the   evening.     The 
companv  with  which   the   author   is   associated    is   to   be 
congratulated    on    having    devised   a    scheme   by   whicli 
apprentices   will   have  the   opportunity   of   gaining   some 
knowledge  of  the  theoretical  technique  of  their  profession 
during  the  daytime.     Another  point  is  the  author's  state- 
ment, which  I  think  cannot  be  too  strongly  emphasized, 
that  the  fitness  of  a  man  for  the  profession  of  engineering 
-depends  essentially  upon  his  own  inherent  characteristics. 
That  is  a  dictum  which  holds  good  not  only  for  the  trade 
apprentice  but  also  for  the  technically  trained  man  ;  every 
bov  who  enters  a  college  to  receive  training  in  engineering 
is  not  necessarily  one  who  will  make  an  engineer.     In  the 
Universit)'  of  Liverpool  we  have  made  an  attempt  to  ensure. 
as  far  as  we  can,  that  those  who  are  taking  the  three  years' 
course  in  engineering  shall  be  such  as  have  at  any  rate 
some    reasonable    prospect    of    being    successful    when 
they  take  it  up  in  practice.     Otherwise  numerous  persons 
leave  the  college  who  are  nominally  engineers,  but  who 
have   no   chance   of  succeeding  in  the  profession   which 
they  have  adopted.     This  is  bad,  not  only  for  the  men  so 
trained,  but  for  the  university  which  trains  them.     I  come 
ne.xt  to  the  college-trained  student,  with  whom  of  course  I 
have  most  to  do.     The  main  point,  so  far  as  we  are  con- 
cerned, is  not  so  much  technical  knowledge  as  breadth  of 
view.     I  think  nobody  now  expects  that  after  a  three  years' 
course  at  college  a  man  should  have  become  a  properly 
trained  engineer.     To  do  this  is  impossible.     All  that  can 
be  done  is  to  instil  into  the  pupil  while  he  is  at  college  a 
certain  number  of  fundamental  principles.     As  Mr.  Peck 
once  put  it,  "  What  one  wants  to  specialize  upon  is  fun- 
damental principles."     The  more  I  see  of  the  education  of 
engineering  students  the  more  I  recognize  that  that  is  the 
thing  which  we  should  do  above  everything  else.     I  put 
down  as  the  two  subjects  which  seem  to  me  to  be  fun- 
damental  in  the  profession  of   engineering — Engineering 
Drawing  and    Designing    and   Applied    Mechanics.     We 
come  then  to  the  other  more  specialized  subjects,  namely, 
Electrical    Engineering,    Mechanical    Engineering,    Civil 
Engineering,  etc.     We  must  give  a  good  training  also  in 
these  subjects.     In  my  view,  although  it  may  appear  to 
be  diverging  from  what  I  have  just  said,  the  most  effec- 
tive way  in  which  we  can  train  a  man  after  we  have  given 
him  his  fundamental  principles — I  do  not  mean  merely  in 
those  two  subjects,  but  also  in  the  others — is  by  allowing 
him,  if  he  shows  any  capacity  at  all,  to  carry  out  some 
original  investigation  or  special  test  on  his  own  account. 
If  we  train  in  fundamental  principles  and  combine  with 


this  a  certain  amount  of  training  in  scientific  investigation, 
or  scientitic  design  of  machinerv,  we  get  a  course  which 
will  ultimately  produce  a  competent  well-trained  technical 
engineer.  It  is  an  old  saying  that  what  matters  in  a  man's 
training  is  not  what  he  knows  but  how  he  has  learnt  it. 
His  point  of  view  is  far  more  important  than  the  facts 
which  he  has  been  able  to  get,  most  of  which,  after  all,  he 
can  get  out  of  an  encyclopaedia.  I  do  not  say  that  we 
should  not  give  him  facts — everybody  will  acknowledge 
that  we  must — but  I  think  the  main  tiling  that  we  can 
help  to  give  him  is  a  proper  point  of  view.  I  should  like 
to  refer  to  another  very  pertinent  subject  ;  that  is,  the  type 
of  training  which  is  most  suitable  for  a  technically  trained 
man,  i.e.  whether  he  shall  come  to  college  first  or  whether 
he  shall  go  to  works  first.  I  am  very  pleased  to  find  that 
the  author  supports  the  view  that  the  college  should  come 
first.  That  is  the  plan  which  we  have  adopted  or  recom- 
mended, as  far  as  we  can,  for  our  students,  and  as  far  as 
my  experience  goes  that  plan  has  worked  out  best  in 
practice.  The  arguments  in  favour  of  it  from  the  works' 
point  of  view  have  been  stated  by  the  author  ;  the  argu- 
ments in  favour  of  it  from  the  educational  point  of  view 
are  obvious.  A  boy,  when  he  leaves  school,  is  far  better 
able  to  take  advantage  of  a  college  course  than  he  will 
be  after  spending  some  time  in  a  works.  Personally 
I  do  not  very  much  like  the  "  sandwich  "  system,  although 
one  recognizes  the  advantages  of  it  ;  I  should  also  like  to 
say  this,  that  although  I  am  in  favour  of  the  "  college  first " 
system,  I  do  not  think  it  is  a  system  which  applies  to  all 
branches  of  engineering.  In  the  Navy  the  plan  of  sending 
a  constructor  through  a  course  of  dockyard  instruction  has 
proved  very  successful,  at  any  rate  as  far  as  we  are  able 
to  judge  from  what  has  been  happening  during  the  last 
few  weeks.  Therefore,  although  I  think  that  in  electrical 
engineering,  in  which  the  technique  is  extremely  diffidult 
and  the  mathematical  knowledge  required  is  considerable, 
"  college  first "  training  is  best,  I  do  not  think  that  holds 
good  for  all  kinds  of  engineers.  I  come  now  to  what 
seems  to  me  to  be  the  crux  of  the  position,  and  one  which 
I  am  very  glad  the  author  recognizes,  namely,  that  if  the 
industry  of  engineering  is  to  develop  and  progress  it  must 
attract  into  it  the  best  type  of  person.  To  do  that,  one 
must  make  the  opportunities  for  those  who  enter  electrical 
engineering  as  good  as  one  can.  I  am  very  glad  to  see 
what  is  being  done  by  the  British  Westinghouse  Company. 
The  fact  that  they  recognize  that  the  technically  trained 
man  is  so  useful  that  it  pays  them  to  give  him  a  hving 
wage  from  the  time  he  enters  their  service  is  an  extremely 
important  development.  It  will  have  an  enormous  effect 
upon  the  students  ;  it  will  tend  to  encourage  them  and  will 
help  to  retain  in  the  engineering  industry  those  whom 
one  wishes  particularly  to  retain. 

Mr.  H.  Mensforth  :  I  should  like  the  author  to  define 
what  technical  education  means.  We  have  heard  what 
Professor  Marchant  has  said  from  his  point  of  view,  which 
to  my  mind  is  more  or  less  academic.  He  mentioned 
mathematical  ability.  I  should  say  that  if  5  per  cent  of 
our  people  are  clever  mathematicians  we  can  get  along 
very  well  in  that  respect.  It  is  the  other  95  per  cent 
whom  we   have   to   deal  with.     One   thing   that   has   not 
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charno  ot  the  acctioii  — and  laid  thai  lie  waiilcrtt  j  chuniio 
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gi  llv  >jk1       I'litly  »iii.  lilt 

(in:  111   the   parlKiiUr   rii)*iiic  lli.^:  ii)>, 

"Which  way  roumi  din:*  il  iui«— cluckwiwr  or  counter' 
clockwi»« .' "  :  and  he  did  nut  know.  I'okMbly  he  liad 
learned  a  good  deal,  hut  hin  powers  o(  observation  had  not 
l»ecn  d<  ■.  I(  we  have  \.i    .  ^ilt  time 

the  nil  ■   one»  lo  till  .i  ->.      We 

c.i'  -;n- 

ill.  :ks 

allhou);li  we  aie  prepared  to  (viy  them  ju^t  us  much  or 
even  more  money  and  the  work  is  more  interesting.  We 
cannot  gel  thai  combination — the  man  who  lias  got  a 
certain  amount  of  technical  education  or  (to  use  Professor 
Marchant's  words)  has  learned  the  fundamentals  of 
ei  .  '    and   at    the    same   time   has   the   knowled^jc 

w  .cs  him  to  deal  with  men.     It  is  not  so  much 

a  tjuoiiuii  of  educ.iliii{;  our  ordinary  men  technically, 
although  that  is  very  desirable  inasmuch  as  it  broadens 
the  character.  Our  difficulty  is  lo  get  out  of  the  men  what 
we  ought  to  get  ;  in  other  words,  if  we  could  appeal  to  them 
on  the  propter  lines  there  would  be  no  difficulty  in  increas- 
ing our  output  by  25  per  cent.  1  tliiuk  that  applies  to 
most  engineering  concerns.  As  a  rule  llic  men  who  run 
the  works  are  not  technically  educated  because  technically- 
educated  men  are  not  av.ulable  for  that  purpose.  The 
men  who  run  ihe  works  are  generally  artisans  who  have 
got  rather  more  common  sense  than  their  associates  and 
have  consequently  been  advanced.  If  our  technical 
colleges  and  schools  can  do  anything  at  all  to  assist  us 
in  that  respect  by  pointing  out  to  their  students  the 
opportunities  which  this  side  of  the  profession  offers,  we 
shall  Iv-  verv  much  indebted  lo  them. 

i  '   vLKEK  :  The  author  has  very  properly 

ei:  .'tance  of  trade  education  and  manual 

training  lor  trade  apprentices.  This  is  a  matter  which  we 
have  not  really  discussed  here  before,  although  the  subject 
of  technical  training  fur  engineers  has  often  been  con- 
sidered. As  Mr.  Mensforth  has  pointed  out,  it  is  of 
enormous  importance,  for  it  affects  95  per  cent  of  the  men, 
while  technical  training  concerns  only  5  per  cent.  The 
author  is  to  be  congratulated  upon  the  wav  in  which  he 
has  carried  out  in  practice  the  principles  that  he  has  laid 
down.  It  is  imi'tortaiit  to  draw  a  distinction  between  what 
we  nuy  call  trade  instruction  and  technical  instruction — 
not  merely  in  the  thing  itself,  but  also  in  the  character 
of  the  school  where  that  instruction  is  to  be  obtained. 
In  the  Manchester  School  of  TechnologN-  our  efforts  are 
!ii.iiiil\  directed  to  technical  training,  and  we  have  a 
^uiiKiiui  ilciiund  for  it,  both  m  the  day  anil  in  the 
iv  111111)4  ^l.'-M.--  We  deal  with  hundreds  of  men  in  the 
day  cUises,  but  with  thousands  in  the  evening  classes. 
There  is  also  a  \ery  great  demand  for  the   trade   classes 


in  Ihe  work  and 


lor  a  man    to   struggle    tli(i>uj.;a  a  live   \<  .  .'I 

Ihe    standard     attained     by    tlirin    i>    ro  .iy 

high.     I   see  that  one  of  our  external   examiiirrs  u  bete 

to-night,  and  I  think  he  wilt  adniil  '■'  •'  '   ■•  '■ ^'"m 

set    at  the  end    of  Ihe  filth  year  u  ■  .1 

even  a  man  who  has  been  tliroii^;h  a  .  .<  .:,  ^  ,ivc 
would  do  very  well  imtccd  ii  lie  i  uuUl  vas-  it  Kcjllv 
gooil  woi  k  IS  done  in  t  .4 

now  lo  what  inav  be  l.> 
But   while   we   devote   most  01   our  alteir,  ..  r 

do  also  give  a  certain  amount  of  time,  m .   i  i -i 

tunity  arises,  lo  what  may  be  called  "  trade  classes,"  or, 
as  the  Board  of  Education  now  terms  them,  "  minor 
courses" — such  as  classes  for  wircmcn.  plumlierv.  I'osi 
Office  o|H:rators,  [  'uc  printc  >, 

and  so  on.     We  .     all  ttr.it  t 

the  demand   in    M aiicliestei   at  I  ..  ^ 

for    such    classes.      It    is    not    i  .  a 

attention  is  directed  specially  to  techmcal  education. 
It  would  require  au  exceedingly  Urge  building, 
perliaps  three  or  four  times  as  large  as  our  present 
building  in  Sackvillc-street.  to  deal  adequately  ttith  trade 
classes  and  manual  training.  The  difference  in  the 
character  of  technical   cLukses   and    '  'c 

fairly  well  illustrated  by  reference  t 

cipal  Kngineering,  for  instance,  and  the  course  in  what 
we  call  I'lumbers  Work.  The  first-year  course  in  Mum- 
cipal  Kngineering  includes  the  following  subjects  : — 
Chemistry  of  the  non-metals,  chemical  laboratory,  physics, 
physics  laboratory,  mathematics.  These  subjects  clearly 
form  the  theoretical  groundwork  of  a  technical  course. 
For  plumbers'  work  on  Ihe  other  hand  the  tirst-year 
cour>e  I!  ■  V,  inensu:  ^ 

work,  >.r  -^  ">g.  and   ,  i^- 

tical  work.  In  teaching  these  subjects,  ex.miples  are  taken 
which  appeal  at  once  to  the  practical  plumber.  The  sub- 
jects are  taught  in  an  elementary  way,  so  as  to  be  grasf^ed 
by  the  type  of  student  tlut  takes  a  trade  course.  While 
we  include  in  our  Kvening  Calendar  quite  a  number  of 
these  trade  or  minor   courses,  we  do  not  lu\i  t 

faciUties  for   doing  the  work  on  a  more  cx'r 
We   ought   to  luve   in   Manchester   an  ex 
institution  dealing  with  apprentices  from   .  .1 

trades,  and  showing  them  the  principles  which  underlie 
their  trades.  That  should  t>e  done,  if  pos&ible,  in  the 
daytime,  as  the  author  suggests.  Of  c'aurse,  il  will  be 
a   very   big   )  '.ike.     It    is   hardly  fair  to 

expect    the    :  ;    a-ule    a    great    part  ol 

his  works  for  tlic  , 

ought  lo  be  a  n.i:  <■- 

same  way  as  we  carry  out  the   leciimcai  in^; 
engineers.     If  such  an  institution  could  l>e  e-:..  .  .t 
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Professor  woiild  increase  enormously  the  efficiency  of  tlie  workman. 
■^  "■  In  order  to  bring  into  existence  a  reallj'  good  school  of 
this  kind,  it  would  be  well  if  a  number  of  the  manu- 
facturers in  the  neighbourhood  would  form  a  committee, 
w'hich  would  consider  the  right  steps  to  take  and  bring 
pressure  to  bear  npon  the  proper  authorities.  Mr.  Maxwell 
Garnett  has  already  proposed  the  formation  of  such  a 
committee.  In  addition  to  the  actual  knowledge  and 
manual  skill  gained  at  the  technical  school,  we  have  taken 
into  account  the  effect  upon  the  moral  character  of  the 
men.  We  can  improve  matters  as  to  the  way  in  which 
a  man  looks  at  his  work  and  the  importance  that  he 
attaches  to  it  as  compared  with  other  things.  If  from 
the  lirst  an  apprentice  is  put  under  the  influence  of  a 
teacher  who  deals  not  merely  with  the  technique  of  the 
work,  but  also  with  such  aspects  of  moral  character  as 
control  or  affect  the  production  of  the  work,  it  will  be 
an  enormous  benefit.  Professor  Marchant  referred  to 
the  importance  of  liaving  college  training  before  works 
training.  I  am  quite  in  agreement  with  him  on  that 
point,  and  it  is  interesting  to  note  that  in  its  last  Report 
the  Committee  appointed  by  the  Institution  of  Civil 
Engineers  to  consider  the  subject  is  in  favour  of  college 
first.  Even  the  minority  were  in  favour  of  just  one  year 
at  the  works  and  then  college.  There  is  no  doubt  con- 
siderable benefit  to  a  student  who  can  spend  a  year  in 
a  works  before  going  to  college.  If  his  parents  are  well 
off,  there  should  be  no  difficulty  in  his  staying  for  a 
year  at  a  works  first,  where  he  will  have  to  turn  up  at 
7  o'clock  in  the  morning  and  "rough  it"  with  the  other 
workmen.  His  experience  will  make  it  easier  for  him 
in  the  college  afterwards ;  but  he  must  look  upon  that 
year  as  a  year  extra,  and  it  must  not  be  deducted  from 
his  college  training  ;  nor  does  it  replace  the  two  years' 
works  apprenticeship.  In  that  first  year  he  will  learn 
mainly  discipline,  and  a  good  deal  about  his  ignorance 
of  engineering. 

.Mr.  Paten.  Mr.  J.  L.  P.\TON  :  I  take  it  that  the  schoolmaster  really 
comes  into  this  subject  in  two  ways.  First  of  all,  his 
business  is  to  discover  the  right  boys  for  the  engineering 
profession.  There  can  be  no  doubt  whatever  about  the 
supply  of  boys  ;  of  every  lo  boys  who  enter  the  Man- 
chester Grammar  School  at  least  six,  probably  seven,  want 
to  be  engineers.  The  tramway  system,  the  electric  bells  in 
the  house,  the  provision  of  such  toys  as  Meccano  of  which 
new  editions  are  produced  every  year,  the  fact  also  that  we 
have  scale  model  engines,  turn  the  minds  of  boys  in  the 
direction  of  engineering  to  an  extent  that  was  certainly  not 
the  case  12  years  ago.  They  are  all  anxious  to  quaUfy  for 
that  profession  and  the  first  thing  that  I  say  to  them  is, 
"  Well,  you  will  have  to  work  and  be  thorough  because  in 
engineering  they  always  (as  we  say  in  Scotland)  fire  out 
the  fools."  I  try  to  get  a  hold  upon  them  in  that  way.  So 
there  is  no  likelihood  of  an  inadequate  supply  of  young 
fellows  ambitious  to  become  engineers ;  and  for  the 
schoolmaster  who  has  to  direct  their  study  and  advise  the 
boys  who  are  intending  to  become  engineers  it  is  an 
extremely  valuable  and  interesting  experience  lo  come  to 
such  a  meeting  as  this  and  learn  what  the  operations  are  in 
which  they  will  be  engaged  and  how  drawing,  applied 
mechanics,  and  things  of  that  kind  are  going  to  tell  in  their 
actual  life  work.  Then,  of  course,  our  second  duty  is  to  get 
into  their  minds  a  sense  of  duty  and  a  certain  amount  of 


mathematics,  geometry,  and  mechanics.  I  am  very  gladMr.  Pato 
that  the  author  lays  down  as  axiomatic  that  every  boy  who 
starts  at  the  works  ought  to  have  the  chance  of  attaining, 
if  he  is  capable  of  it,  even  the  author's  own  position.  Not 
long  ago  I  read  a  paper  by  Mr.  Marquis  of  Liverpool  on 
"  Upward  Mobility  in  the  Cotton  Trade."  He  proved  by 
statistics  that  of  those  in  leading  positions  in  that  trade, 
heads  of  firms  and  heads  of  departments,  over  50  per  cent 
(if  my  memory  serves  me  right)  had  risen  from  the  ranks. 
Mr.  Marquis  rightly  traced  the  vitality  of  our  cotton 
industry  against  all  competitors  largely  to  tlie  fact  that  it  is 
democratic  and  that  any  man  who  has  got  it  in  him  has 
the  chance  to  rise.  It  is  important  that  every  boy  should 
feel  that  if  he  has  the  capacity  he  can  climb  to  the  top  of 
the  tree.  That  involves,  I  suppose,  the  abolition  of 
premiums.  I  have  not  heard  them  mentioned  and  I  take  it 
that  if  we  are  desirous  of  seeking  out  capacity  v;e  must  not 
set  up  any  barrier  in  the  way  of  upward  mobility.  We 
must  not  put  any  tariff  on  ability.  Among  the  Ancoats  lads 
I  am  very  much  impressed  by  their  lack  of  interest  in  their 
work  ;  if  questioned  about  it  they  say,  "  It  is  all  right,"  or 
"  There's  nothing  to  grumble  about,"  but  I  very  rarely  find 
one  who  is  keen  upon  his  work.  I  think  the  reason  is 
simply  that  the  lad  of  that  class  is  looked  upon  as  a  pro- 
ducing machine  ;  he  is  put  down  at  one  machine  at  one 
job,  which  becomes  exceedingly  monotonous  and  he  feels 
no  interest  in  it,  and  he  does  not  see  what  relation  it  has  to 
the  whole  or  the  part  which  it  plays  in  the  economy  of  the 
world,  in  meeting  the  needs  of  his  fellow-men.  I  want  to 
put  in  a  plea  for  the  "  bottom  dog."  In  the  course  of  his 
paper  the  author  quoted  some  very  striking  words. 
They  came  from  Germany.  He  says  on  page  568,  "  it 
has  been  stated  that  the  plan  of  vocational  training  in 
Germany  must  aim  at  the  diminution  of  economic  waste 
by  ensuring  that  all  occupations,  however  mean," — I 
should  like  to  underline  those  last  two  words — "shall 
be  practised  by  men  who  have  been  taught  to  do  their 
work  scientifically."  I  endorse  that  view  and  I  think 
we  need  not  go  to  Germany  to  find  it.  In  the  Navy  every 
man  is  taught  to  do  his  job  scientifically.  He  may  be 
a  stoker  who  has  signed  on  for  a  short  period,  but 
nevertheless  he  goes  into  a  class  ;  he  learns  all  about 
stoking,  but  he  also  learns  something  about  the  running  of 
engines  and  he  is  kept  in  touch  with  his  own  English 
language  and  literature.  The  result  is  that  when  the 
stoker  comes  out  from  his  period  of  service  he  can 
always  find  a  job.  Large  numbers  of  Army  men  pass 
through  an  Unemployment  Bureau,  but  it  is  very  rarely 
that  one  of  our  Navy  handymen  is  found  on  the 
unemployment  register.  I  believe  there  were  until 
recently  at  least  10,000  of  them  in  London  working  as 
engineers,  chauffeurs,  and  so  on.  Not  only  do  the  dock- 
yard apprentices  receive  technical  intruction,  but  every 
man  in  the  Navy  is  kept  in  touch  with  the  intellectual 
and  scientific  side  of  his  work  and  the  "bottom  dog" 
is  not  forgotten.  After  all  it  is  in  the  utilization  of  waste 
products  that  Germany  excels  —  but  the  most  wicked 
waste  of  all  is  the  waste  of  men.  Even  the  "bottom 
dog  "  is  a  man.  The  spirit  in  which  the  unskilled  labourer 
does  his  work  must  make  a  vast  difference  in  the  spirit  of 
the  works  as  a  whole  and  in  the  output.  One  advantage 
which  appeals  to  me  in  connection  with  the  scheme  at 
Munich  is  that  Dr.  Kerschensteiner  succeeded  in  getting 
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techniuil  training;,  and  the  only  solution  on  a  nslioiul  baMs 
that  I  on  see  is  for  tlie  various  enfjinecrin^  tiiiiis  to  cu- 
operate  as  in  Munich.  It  will  not  interleie  with  the  wtirk 
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Calico  I'nnters  AsMK'iation  have  a  scheme  lor  all  their 
.ipprenticrs  on  the  productive  side  :  they  have  a  scheme  on 
the  distnliulin);  side  also,  hut  I  am  not  alluding  to  that  at 
the  present  moment.  In  view  of  what  Ins  l>cen  said  this 
e\xiiing  a  is  interesting;  to  recall  that  under  the  Calico 
lYiiilers'  Association  sclicnic  the  first  year  must  be  spent 
.ictuallv  in  work*  bill  the  instructions  to  the  inaii.ifjcrs  arc 
to  jjivc  I  as  much  experience  .is  possible  in 

thevari^  ,  •.    Kii,'ht  from  the  beginniii}>  he  earns 

a  wage  of.  I  think,  about  to  shillings  a  week.  After  that  he 
must  at  his  own  expense  spend  three  years  in  a  technical 
school  approved  by  the  Association  ;  then  for  a  period  of 
three  months  (possibly  longer i  he  goes  to  the  resc;u"ch 
laboratorN'  which  is  maintained  by  the  .\!>sociation  at  the 
expense  of  the  Associ.itioii  as  a  whole,  .\fter  those  three 
vears  and  three  monilis  (possibly  morel  he  returns  and  is 
at  the  service  of  the  Association  which  hasprovided  largely 
for  his  training.  He  has  delinite  prospects  with  them. 
Now  that  IS  the  human  clement.  1  am  not  competent 
to  di&cuss  the  technical  element  in  this  problem, 
iMit  I  should  like  to  lay  stress  upon  the  place  that  the 
human  element  plays  in  the  solution  of  this  problem.  In 
I  he  case  of  .i  physical  problem  a  wise  man  at  the  university 
will  sit  down  and  think  the  thing  out,  and  by  virtue  of 
superior  bnuii  capacity  he  will  lay  down  exactly  the  lines 
on  which  the  problem  is  to  be  solved.  But  engineers  have 
got  .1  human  problem  to  solve  and  they  can  only  solve  it 
by  getting  the  hearty  concurrence  and  co-operation  of 
every  unit  that  is  concerned.  The  various  groups  of  firms 
involved  in  these  trades,  and  the  various  human  units — 
including  the  untrained  man.  the  unskilled  labourer,  and 
the  "  bottom  dog" — must  co-oj>crate  for  a  common  end 
and  we  shall  then  have  the  atmosphere  in  which  this  great 
problem  can  be  satisfactorily  solved. 

Mr.  A.  J.  CKiixiE  :  There  are  several  reasons  why  this 
subject  of  training  those  who  work  with  their  hands 
rather  than  their  heads  has  been  in  the  background.  The 
lirst  is,  1  suppose,  that  the  problem  is  rather  diliercnt  from 
the  training  of  the  engineer  ;  there  .ire  many  more  men, 
and  as  a  rule  they  have  less  money  and  time  to  spend  on 
their  education.  Another  is,  I  think,  that  skilled  direction 
can  frequently  get  good  results  even  out  of  im|KTfectly 
traiued  men,  not  of  course  at  so  high  an  cBiciency  as  if 
they  were  properly  trained,  nor  at  so  low  a  cost.  Through- 
out this  paper,  and  indeed  throughout  most  of  the  papers 
that  have  been  wnttcii  and  most  ol  the  speeches  that  have 
been  made  in  the  discussion  of  papers  on  this  question, 
\'OL.   53. 
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lalxiratory   belonging   to   a   city   analyst    t  1 

dealing  with  what  he  lias  to  analyse  are  very  dinerenl 
from  those  which  we  Und  in  the  laboratories  of  a  umver&ity. 
With  regard  to  apprentice  schools,  they  are  described  in  a 
book  which  was  written  by  the  present  author  and  Mr. 
H.  \V.  lUilcy  some  little  time  aijo.  In  11*0?  I'rofessor 
l>alby  of  the  Central  Engiii'  i 

a  paper  on  the  education  ol  i. : .  1 

of  the  lAUidoii  and  South- Western  Kaiiway  spukc  about 
wliat  was  done  on  that  line.  Moic  recently,  on  the  i3th  of 
this  month,  Mr.  Hill  of  the  Great  Eastern  Kailway,  in 
his  presidential  address  to  the  Institute  of  Locomotive 
Kngineers,  described  what  that  Railway  Company  has 
done.  The  training  which  is  given  at  the  Lynn  works  of 
the  General  Klectnc  Company  of  America  is  dcscTil>cd  in 
a  recent  issue  of  the  Gcierat  HUitnt  Kmeu.  It  must  he 
cle;ir  to  everyone  that  to  have  a  sciiool  for  apprentice?  is 
only  possible  for  a  large  undertaking,  and  Mr.  Yarrow, 
speaking  on  Professor  Dalby's  paper  which  1  mentioned 
just  now,  pointed  out  how  difticult  it  was  for  a  works  of 
small  or  mi.>der.ite  size  to  have  such  a  school.  Hut  I  think 
something  couUl  be  done  here  by  co-oper.ition.  The  work 
whicli  has  l>etii  done  by  l>r.  Kerschcnsteiner  01  Munich  in 
having  scp.iiate  classes  for  youths  employed  at  small  local 
works  seems  to  l>e  an  example  of  the  idea,  a: 
operation    leads    to    what     Professor    W.ilker    1-  .  -i 

namely,  the  nationalization  of  the  training  ol  the  artisan 
classes  in  manual  work.  Now,  with  regard  to  the  qitesuon 
of  whether  the  college  or  the  works  should  come  first  ;  it 
seems  to  me  that  the  layman  is  pr.ictically  certain  to 
come  to  the  conclusion  tliat  the  "sandwich  system  is 
the    best.    iK-causc   there   is   an   almost   t  ;  -ht    o- 

cxjsert  opinion  in  favour  of  each.     Il  the  ^jc>  to 

the  works  before  college  he  [Holvablv  gets  a  bclici  system 
ol  discipUne  instilled  into  luin,  and  it  gives  him  an  idea  ^4 
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Mr.  Cmict.  what  he  lias  to  leani.  Furlher.  as  Mr.  \V.  H.  Maw,  a  Past 
President  of  the  Institution  of  Mechanical  Eiiginc-crs  has 
said,  "  it  is  no  uncommon  thinsj  for  a  young  engineer  after 
a  few  months  in  the  workshop  to  realize  what  opportunities 
he  has  missed  while  he  was  at  college."  On  the  other  liand, 
college  training  before  works'  experience  gives  theoretical 
knowledge  which  enables  the  student  to  understand  better 
the  machines  and  operations  with  which  he  afterwards  conies 
in  contact.  It  seems  to  me  that  both  those  advantages  can 
be  gained  bj'  the  "sandwich"  sj'stcm,  and  not  otherwise, 
and  this  system  breaks  the  monotony  of  a  complete  works 
course  or  a  complete  college  course.  Professor  Marchant 
mentioned  that  it  takes  a  great  deal  out  of  a  student  to 
have  to  attend  evening  classes  after  he  has  done  a  good  day's 
work.  Therefore  it  would  appear  tliat  teaching  in  works 
is  the  right  thing.  Correspondence  tuition  has  not  been 
mentioned  by  the  author — indeed  I  have  seen  no  reference 
to  it  in  discussions  of  this  character.  I  think  such  tuition 
requires  more  concentration  and  earnestness  than  a  young 
fellow  is  generally  prepared  to  give,  principally  because 
he  has  not  been  trained  to  give  it.  I  am  very  pleased  to 
see  the  financial  difliculty  removed.  Some  people  have 
said  to  me,  "  If  you  pay  the  young  fellow  self-supporting 
wages  while  he  is  learning  it  gives  him  a  great  idea  of 
himself  and  makes  him  think  that  he  is  worth  quite 
a  lot  to  the  Company."  I  think  that  view  is  entirely 
wrong  and  shows  an  incorrect  appreciation  of  human 
nature.  I  am  also  glad  to  notice  that  the  results 
obtained  at  the  works  of  the  Britisli  Westinghouse 
Company  seem  to  be  very  satisfactory.  One  gathers 
from  the  remarks  which  are  made  by  people  in  the  Press 
from  time  to  time,  that  it  is  not  always  the  case  that 
apprentices  who  have  plenty  of  opportunities  are  prepared 
to  profit  by  them.  Then  I  am  glad  to  see  that  the  author 
gives  some  weight  to  the  commercial  side  of  the  question. 
.A.t  the  same  time,  there  seems  lately  to  have  been  a 
tendency  to  exalt  it  at  the  expense  of  the  engineering  side, 
particularly  in  central-station  work,  but  I  think  everyone 
will  agree  that  the  commercial  man  without  engineering 
knowledge  is  not  so  satisfactory  at  the  head  of  affairs  as 
an  engineer  without  commercial  experience  would  be  ; 
probably  he  would  be  far  less  competent  to  deal  with 
trouble.  Many  people  who  go  in  for  engineering  seem, 
however,  to  despise  commercial  ability.  I  think  that 
is  a  pits'.  One  argument  against  training  an  apprentice 
in  the  works  is  that  he  may  afterwards  go  elsewhere 
and  give  a  competitor  the  benefit  of  his  training.-  My 
reply  to  that  is  that  we  cannot  expect  a  man  to  be  bound 
to  us  for  the  whole  term  of  his  life  because  we  have 
trained  him — we  must  pay  him  properly  and  so  keep  him. 
I  think  we  should  get  somewhere  near  the  condition  which 
obtain;  in  the  steel  and  silversmiths'  trades  in  Sheffield  ; 
that  is,  that  men  occupy  the  same  position  and  do  good 
work  at  very  good  pay  for  20  or  30  3'ears,  or  even  more 
than  that.  This  may  not  appeal  to  the  advocate  of 
"hustle,"  but  it  stands  for  excellence.  The  author  says 
that  recruiting  from  other  firms  is  a  short-sighted  policy. 
By  training  men  and  paying  them  well  we  raise  the  level 
of  general  ability,  and  we  certainly  lay  up  for  ourselves 
a  reward  in  the  shape  of  increasing  business  and  big 
dividends.  The  author  mentions  the  training  of  works 
organizers.  Is  it  possible  to  train  them  ?  I  do  not  know 
what  colleges  go  in  for  training  in  this  matter  of  works 


organization.  Perliaps  the  autlior  can  Icll  us  of  some.  Mr.  crit 
Lastly,  we  must  find  some  means  of  bringing  the  papers 
read  and  the  discussions  which  lake  place  on  this  subject 
before  the  parents  and  guardians  of  the  future  students, 
for  they  are  the  people  to  whom  we  must  look  for  the 
future  supply  of  students  for  the  profession. 

Mr.  E.  Thom.\s  ;  This  subject  interests  mc  very  greatly,  Mr.rho 
for  I  had  12  years'  experience  in  an  engineering  college, 
and  have  had  nearly  20  years'  experience  since  in  com- 
mercial engineering.  I  find  myself  very  much  in  sympathy 
with  Mr.  Mcnsforth's  views  ;  we  only  want  the  education 
that  will  yield  practical  results  against  trade  rivals — 
especially  foreign  ones.  It  has  been  recognized  rightly 
that  practical  experience  and  an  engineering  instinct  come 
first  and  are  absolutely  indispensable.  It  was  left  to  the 
workshops  to  provide  the  practical  training,  and  these' 
simply  allowed  men  to  pick  up  good  and  bad  methods 
ahke  without  any  attempt  at  guidance.  This  paper  and 
the  great  number  of  discussions  on  technical  training 
which  have  lately  taken  place  indicate  that  workshop 
managers  now  realize  that  real  instruction  is  wanted  for 
the  workshop,  and  that  technically  trained  men  are 
necessary  in  these  days  of  aniline  dyes,  alternating 
currents,  etc.  It  is  also  realized  that  we  have  a  lot  of 
ground  to  make  up.  I  wish  specially  to  urge  that  the 
practical  man  is  now  in  the  right  mood  to  join  hands  with 
the  technical  authorities.  The  Government  would  welcome 
such  a  combination  and  would  willingly  find  the  means  to 
enable  any  suitable  man  to  get  a  sound  training  whatever 
his  circumstances.  But  the  men  to  represent  the  work- 
shops in  this  collaboration  should  be  the  really  practical 
men — designers,  foremen,  estimators,  etc. — and  not  heads 
of  firms,  as  the  latter  are  not  in  the  same  intimate  contact 
with  the  requirements.  The  author  has  said  very  little  as 
to  the  actual  courses  of  instruction  given.  It  would  be 
useful  if  he  would  add  something  on  this  point.  I  would 
suggest  that  there  are  three  main  classes  of  training 
required:  (i)  Industrial  training  ;  by  example,  instruction, 
and  reward.  Repetition  workers  need  this  but  may  easily 
be  spoilt  if  the  attempt  is  made  to  make  them  think.  (2) 
Training  for  tool-fitters,  etc.  This  follows  (i)  for  suitable 
men  and  includes  training  in  thinking.  It  should  be  essen- 
tially practical  and  by  good  and  bad  examples  from  the 
practice  of  the  actual  shop.  (3)  Training  for  thinkers,  i.e. 
for  men  who  design  and  who  analyse  requirements  and 
troubles.  It  should  be  a  very  practical  course  ;  less  mathe- 
matical and  abstract  or  academic  work.  Such  a  course 
should  include  rate  fixing  and  estimating,  taught  by  rate 
fixers  and  estimators  respectively.  These  subjects  force 
an  intimate  consideration  of  ([)  and  (2).  This  course 
should  be  for  two  years,  and  should  include  less  laboratory 
and  mathematical  work,  and  much  more  exercise  work 
from  practical  examples.  A  third  and  even  fourth  year's 
course  could  be  provided  for  those  few  who  are  worth  it, 
and  in  such  courses  more  mathematical  and  advanced 
work  would  be  taken  and  some  side  subjects.  The  key- 
notes of  these  courses  are  :  It  is  not  desirable  to  try  to 
train  all  repetition  workers  to  think.  If  one  attempts  to  do 
so,  one  will  fail  and  may  spoil  their  quickness.  It  is  desir- 
able for  a  college  training  to  keep  in  contact  with  the 
money  side  through  rate  fixing  and  estimating  courses.  It 
is  of  first  importance  to  encourage  the  engineering  instinct 
and  discourage  the  academic.     I  urge  that  the  Institution 
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•'craiuiiuin"  knew  ilu-  li.«\v.  the  why.  and  the  wlicrfforc 
of  his  trade,  and  wa>  not  Minply  a  skilled  machine  wliu 
CO  tld  do  a  girjt  di-jl  and  ihink  a  lilllc.  Hr  wa%  Iwth  the 
,i    ihc    Wi  'lid    the    distinction 

iiiii)   or  ka\    man    .iiid    the 

'>.-.     I  am  t^lad 
man  us  at  Ic.ist 
ol   ct{ual   importance  to   hi>   skill,  tiul    1    am   afraid   that 
maiiulicturers  do  not  exert  thcm^-lvcs  vcr>'  much  to  main- 
tain the  hifjh  standard  which  they  exf»cct  in  their  appren- 
tice-.    We  all  know  that  every  tirm  has  at  least  two  {{radcs 
o/  work,  one  cheap  and  Ol  poor  quahty,  and  the  other  a 
•  1  respects.     When  an  apprentice  tind> 
.    ..  !er  will  sulii-r  or  el>e  he  will  leave  the 
mm.     I'lic  author  -peaks  ol  inspectors  in  works  as  men  of 
a  high  standard.     I   have  known  sucli  men  but  they  arc 
frequently  unhappy  because  they  are  not  allowed  to  con- 
demn bad  work.     In  some  works  inspectors  are  merely 
scapeuoats   to   be   sacrificed   in  the  presence  of  enraged 
ts  when   a   machine   is   not    up  to  the  required 
Vh<v>ls  attached  to  works  are  no  doubt  of  preat 
ittcr  of  time  saving  and  proper  control, 
.(.nts  are  allowed  to  study  machines  of 
other  makes,  their  experience  will  be  very  narrow,  and  for 
this  reason  I   think  independent  schools  are   more  satis- 
factory.    1  hope  that  the  ideas  of  training  put  forward  by 
the  author  will  soon  become  accepted  by  lirms  in  general, 
as  I   find  that   the  great  complaint   ol   university  men  is 
that    their    speci;il    scientific    knowledge    is   exploited    by 
manufacturers  ;  the  man  is  given  work  in  the  design  office 
or  on  the  test-plate  where  he  will  be  mo>t  useful  to  the 
manufacturer  without  regard  to  the  mans   future.     It   is 
thus  that  nten  drift  into  the  sales  department  where  a  good 
address  and  a  ready  tongue,  coupled  with  a  general  smatter- 
ing of  engineering,  seems  to  be  all  that  is  necessary.     The 
'urer.  however,  is  not  the  only  one  who  must  be 
'or  the  student  himself  is  sometimes  to  blame.     I 
II  heard  men  complain  that  they  arc  not  pushed 
•n  a-  they  can  do  a   certain  class  of  work  :  the 
oi'vious  replv  is  that  if  they  could  not  do  it  they  would  not 
be    there.     Students  fresh  from  college  arc  apt   to  forget 
that  a  works  has  to  pay  and  that  they  cannot  be  pushed  on 
as  fast  as  they  have  been  accustomed  to  when  at  college. 
.Vs   I    move  about  I   find  many  youths  who  are  entirely 
for  engineers,  but  who  fill  up  the  ranks  and 
wav  ut   l>etter  men;  there  arc  also  many  mIio 
.in.  v.i}  .i'ir     I  il    Mig  great  things  who  aftei  year-  of  hard 
\\>>rs    .ic   ic^iiwH^   a   mere  piitance,  less  than   that  of  a 
ci'MiiM   ;>  labourer.     It  is  lamentable  to  sec  young  men  on 


individual  man. 

Mr.   J    ^..iii^i.t      The  paiv-i   .ml  :•,.     i-    .--I.,-,  1ii\cM> 
shown  tlu  tdopted   I' 

Conipanv    jihi    omt-i    tirms    i"    ii.iin    .>    i 
appi  entices,  but    there    is  another   phase   >/l 
.ind  It  • 
laily 
piiseiil   111 

<l|    VOUllls    . 

come  into  central  stations  with  great  liojvrs  aii<l  .. 

which  are  very  often  shared  by  those  who  aie  ic  , - 

for    selecting  their    profession  ;  but,   partly  owing   to  the 
character  of  the  work  in  central  stations,  and   pa"' 
to  llic  Imurs  that  have  to  be  worked,  whuii  to  a  . 
extent  prevents  tliem  Irui! 
5clio<j|s,  ihcy  speedily  ti"'- 
and  it  is  only  in  exceptional  cases   w 
found.     Whilst  firms  like  the  HriUsh   W 
pany  are  making  crtorts  towards  the  training  .:iod 

of  their  apprentices  I  sometimes  think  thc>  ...  v  "■.• 

this  work  in  another  direction.     Mr.   Faton  laid 
— to  my  mind   proper   cnipliasis— 
education  of  the  "  bottom  dog  "  •  I 

somewhat  general  tendency  oi  ^  a  ui..u  to  tt<x»  i>u 

one   particular   detail    in  the  ,      and    whilst    ims 

system  may  be  bcnelicial  in  some  resjxcts,  1  am  not  so 
sure  that  it  is  good  for  the  riian  or  his  employer,  either 
from  a  moral  standpoint  or  from  the  standpoint  of  obtain- 
ing the  best  results  to  the  man  or  his  employer.  In  the 
discusssion  to-night  it  would  appear  as  il  wc  were  only 
coiKirning  out  - 
aili'iii    to  alteii>. 

time   should   be  oivided.     Some  s| 
college    lirsi    and  workshop  last.  »  • 

first,  workshop  next,  and  a  further  college  course  to  com- 
plete their  education.  In  central  stations,  however,  and 
also  I  am  sure  in  the  majonty  of  other  works,  we  have  to 
deal  Willi  \  'from  an.  ■      .:iiiot 

all"!'!   1'   .  .-.  and  nu.:  ■^•ur 

(■;  i\    ihciii  even   to  .i' 

J   .  \    Is    this   the  case 

youths  are  drafted  in  with  no  eng  :  tie 

result  IS  very  disastrous  from  an  eii^ ^  ,  ew. 

No  doubt  many  members  will  rememl»cr  the  case  of  the 
man  who  in  the  course  of  his  duties  had  to  attend  to  a 
piece  of  machinerv  which  was  not  runnin;;  ver\'  well.  He 
c  ■■ 

1'  ■ 

iron  in  one  a>idc  u<  llic  Cuupniig,  with  lesuiis  dts^sUOu*  to 
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the  machine  and  to  his  reputation  as  an  engineer.  Such 
instances  could  be  multiplied,  and  thoy  show  the  futility  of 
the  average  engineeiiug  education  obtained  in  central 
stations,  where  there  happens  to  be  no  definite  system  of 
training.  I  should  be  glad  to  hear  that  others  were  giving 
this  phase  of  the  question  more  attention  with  the  idea  of 
evolving  some  jieneral  system  for  remedying  such  a  state 
of  things.  With  regard  to  evening  classes,  although  as  we 
have  he:ud  to-night  there  is  a  large  percentage  of  youths 
who  begin  and  do  not  follow  up  these  classes,  the  system 
is  generally  productive  of  nothing  but  good,  and  it  may  be, 
and  probably  is  a  fact,  that  the  large  percentage  shown  of 
those  who  do  not  follow  up  the  classes  is  due  to  causes 
over  which  the  students  themselves  may  have  no  control, 
such  as  the  hours  of  labour,  working  over-time,  lack  of 
facilities,  and  so  on.  If  there  is  one  feature  of  education 
which  we  ought  to  persevere  in,  in  my  opinion  it  is  in 
connection  with  providing  facilities  outside  the  working 
hours.  It  may  confidently  be  asserted  that  men  who  are 
willing  to  attend  classes  after  working  hours  in  their  own 
time,  and  who  have  the  ability  to  persevere  in  such 
courses,  are  the  most  likely  to  become  men  of  character 
and  to  achieve  success. 

Mr.  J,  W.  Lord  :  Manchester  at  all  events  is  taking  some 
new  step  towards  dealing  with  a  part  of  the  question.  We 
have  opened  at  Newlon  Heath  a  Junior  Technical  School 
to  provide  for  boys  of  13  or  14  who  intend  to  enter  some 
branch  of  the  engineering  trade.  After  completing  the 
school  course  they  would  enter  works  for  artisan  training, 
but  there  is  nothing  to  prevent  them  from  rising  to  the 
class  which  the  author  has  designated  the  "  technical 
class."  It  is  not  a  trade  school  in  the  sense  in  which  the 
author  uses  the  term  ;  we  shall  have  to  call  it,  I  think,  a 
junior  technical  school.  The  difficulty  of  establishing 
trade  schools  is  rather  greater  than  some  people  seem  to 
think.  In  Newton  Heath,  for  example,  we  have  a  large 
railway  carriage  building  works,  a  structural  steel  works, 
two  or  three  electrical  works,  gas-plant  works,  a  large 
general  engineering  works,  textile  machine  works,  and  so 
on.  It  would  not  be  possible  in  a  district  like  that  to  run 
anything  of  the  nature  of  a  trade  school ;  the  school  we 
can  run  must  aim  at  fundamental  principles — to  use  the 
term  employed  in  the  course  of  the  discussion.  The  boys 
will  learn  practical  mathematics,  geometry,  the  principles 
of  machine  drawing,  workshop  practice — in  fact  every- 
thing that  will  help  them  to  join  some  branch  of  the 
engineering  trade.  If  more  of  these  schools  could  be 
started  I  am  quite  sure  we  should  get  the  right  type  of 
boy — the  boj'  who  would  follow  up  engineering  in  after 
life.  There  are  sometimes  difficulties,  but  by  personal 
examination — by  seeing  the  boy  and  ascertaining  what  he 
thinks  about  it — the  right  type  can  be  secured.  This  year 
we  have  started  witli  40  boys  ;  when  the  school  is  fully 
established  probably  a  hundred  will  be  in  attendance  at  any 
one  time,  taking  some  part  of  the  two  years'  course,  and 
after  that  they  must  go  in  for  some  branch  of  engineering. 
Several  speakers  have  already  pointed  out  how  difficult  it  is 
for  a  boy  to  do  good  work  in  the  evening  school  after  a  full 
day's  labour.  If  the  two  years'  course  put  him  in  a  better 
position  to  take  advantage  of  the  evening  classes  it  would 
he  time  well  spent.  After  a  day  course  extending  over  two 
3'ears  his  evening  work  would  naturally  commence  at  a  more 
advanced  stage  than  would  otherwise  have  been  the  case. 


Mr.  R.  W.  Paul  {communicated)  :  The  necessity  for  the  Mr.  Paul 
better  trade  instruction  of  electrical  craftsmen  has  long 
been  felt,  and  is  emphasized  by  the  present  crisis  ;  a  good 
deal  of  the  delay  in  supplying  the  needs  of  our  fighting 
forces  might  have  been  obviated  if  such  instruction  had 
been  systematically  adopted  in  years  past.  Even  in 
normal  times  there  is  no  longer  an  adequate  supply  of 
all-round  mechanics,  like  those  of  25  years  ago.  This 
may  be  attributed  to  years  of  neglect  on  the  part  of  some 
employers  to  afford  thorough  trade  training  to  their 
younger  employees.  Any  person  responsible  for  engaging 
mechanics  for  highly  skilled  work  must  be  impressed  with 
the  limited  trade  knowledge  and  abilities  of  the  majority 
of  applicants  ;  on  new  and  unaccustomed  work  expensive 
mistakes  and  wrong  methods  cause  much  economic  vi'aste. 
I  believe  that  tlie  same  difficulty  is  felt  in  other  countries, 
to  a  varying  extent.  Generally  the  best  craftsmen  and 
most  successful  leaders  have  learned  their  business  in  small 
shops,  where  adaptability  and  all-round  skill  are  required. 
Such  men  are  of  great  use  to  the  larger  concerns,  and  it  is 
an  encouraging  sign  that  the  British  Westinghouse  Com- 
pany is  setting  a  splendid  example  to  those  firms  who  have 
not  hitherto  taken  their  full  share  in  the  training  of  the 
workers  on  whom  their  success  largely  depends.  The 
effort  and  expense,  however,  should  be  equitably  dis- 
tributed among  all  the  firms  of  anv  given  trade,  since 
the  benefits  accrue  to  all  alike.  The  initiative  must  come 
from  the  employers,  as  it  did  in  earlier  ages,  but  the 
co-operation  of  the  educational  authorities  and  trade 
unions  might  reasonably  be  expected.  The  latter  might 
assist  the  movement  by  instructing  ex-apprentices  to  prefer 
employment  in  those  shops  where  the  apprentices  are 
properly  instructed.  I  think  that  every  practical  man  will 
admit  that  apprenticeship  is  necessary  for  the  craftsman, 
as  distinguished  from  the  oper.ator  or  machine  minder,  and 
that  adequate  trade  instruction  cannot  be  imparted  by  a 
busy  foreman  in  a  more  or  less  noisy  shop  ;  it  remains  for 
the  manufacturers  in  each  branch  to  decide  how  the  shop 
work  can  best  be  supplemented.  I  agree  with  the  author 
that  the  functions  of  technical  colleges  and  evening 
institutes,  as  at  present  constituted  in  England,  bear  little 
relation  to  the  training  of  craftsmen.  Since  the  author  has 
referred  to  my  own  attempts,  I  may  state,  briefly,  that  my 
apprentices  are  divided  into  two  classes  according  to 
ability  ;  each  apprentice  spends  the  last  two  working  hours 
of  each  day,  except  Saturday,  in  classwork.  Elementary 
physics,  mathematics,  and  trade  drawing  are  taught  by 
qualified  teachers  supplied  by  the  Middlesex  County 
Council,  and  these  classes  are  held  in  school  premises  close 
to  the  works,  the  teachers  visiting  the  shops  occasionally 
in  order  to  keep  in  touch  with  the  practical  side  of  the 
training.  A  shop  has  been  equipped  for  instructional 
purposes  in  the  works,  and  demonstrations  of  materials, 
machines,  methods,  and  tools  are  given  once  a  week  by  one 
of  the  foremen  ;  on  other  afternoons  specific  operations 
are  carried  out  by  the  apprentices,  who  receive  individual 
attention.  No  saleable  articles  are  made,  nor  is  it  intended 
to  make  instruments  complete  throughout,  but  the  work 
consists  of  graduated  exercises,  commencing,  for  example, 
with  the  filing  of  a  true  cube  from  a  cylinder.  It  is  intended, 
later  on,  to  construct  simple,  but  accurate,  tools  and 
models  for  use  in  the  laboratory  classes  ;  these  classes 
are  also  held  at  the  works  by  one  of  the  staff,  the  number 
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Con 

eiH:o«ir4)Srd   to  Xlciid  rvcii:  ^    m»  ltii>  iii\H'i\r<l  a        'KMii  Mill 

teriouk  lo'>»  <•<  innr  111  li»M        ^,       iile  the  rc>ui(k  wcic        liiiin:j(v 

foumi  t|uitc  I  iralc  with  tlir  long  htiuii  and  cflorl  ' 

invoivc<l.     Ill   wKoi    t.ijitMrs   the  lad«  vk<rr«  more  or   lr»«  |    Unixigiinui  r.i- 

iMiUled   uiiil>  jniniig   a   larer  iiiiiiitK'i    lollcctrd  (rtim  all  I    liuii  at  (acli  t 


^Ul   bf  4IK  'I  Ul 


4  i  '  1 

WOli. 

only  tecond  t>>  that  ol  the  dcMrr  tor  >ticccMt  in  llicir  voca- 
Uoa.  a>  an  incrnlive  tor  (;ood  work.  The  author  lia*  done 
a  scr\'ice  in  (ocuitMng  Ihr  matter  at  industrial  Inuning. 
and  I  hofvir  that  the  I'lrMisriiRa).^  in  •  '  '    n 

of  the  electrical  trade  ni.iv  stion  i.'t<ii(ri  c 

definite  and 
I    liave   no  d 

give  propel  I'  cncc. 

and    that    tli.  ,  ,  ^         their 

as&i!>tance. 
x<iii         Mr.  W.  S.  FtJOHT  ((ommuniialfd)     I  believe  the  purely 
maiiufaciuring   »idc   of  enginecrini;   has   not  in  the  past 
recc  tion  that  it  deserves  from  technically- 

trii:  1   for  two  principal  icasonN:  Ml   Manu- 

fatt  I  the  last  few  years  recojlnizcd 

the  .1  .     .   i  by  the  employment  of  these 

men  in  their  snops.  c  i  Colleges  and  technical  schools  have 
not  drawn  the  attention  of  their  students  to  this  branch  ol 
en^neering,  in  consequence  of  which  a  technical  appren- 
tice at  the  time  he  enters  a  works  is  attracted  to  the  more 
purely  design  side.  A  great  deal  could  undoubtedly  be 
done  to  remedy  this  il  the  various  colleges  could  arranjjc 
to  include  in  their  syllabus  lectures  on  works  organu.Uioii, 
etc.,  as  suggested  by  the  author.  For  success  on  eitlier 
the  commercial  or  design  side  of  engineering  special 
abilities  and  characteristics  are  required,  in  addition  to  a 
thorough  knowledge  of  the  technical  fundamentals.  On 
the  works  side  of  manufacturing  engineering  this  is  of 
greater  importance  than  on  the  other  sides  mentioned,  as 
the  human  element  is  here  more  predominant.  Take,  for 
example,  the  case  of  shop  engineers,  referred  to  several 
limes  by  the  author.  Their  duties  include  the  supervision 
of  all  new  designs  which  go  into  the  shop,  the  workiiig- 
out  of  the  most  economic  and  quickest  methods  of  manu- 
facture, the  reduction,  utilization,  and  recovery  of  "  scrap," 
the  direction  of  the  use  of  the  most  suitable  matenals  in 
the  articles  manufactured,  and  the  investigation  and 
elimination  of  faults  in  the  finished  apparatus.  In  this 
field  of  work  prrhaps  more  than  in  anv  other,  there  i-. 
unli!-  the  application  of  scientific  principles 

to   .  ems.     Anyone  taking  up  a  position  of 

this  kind  requires  .t  broad  scieiititic  training,  a  knowledge 
of  works  organization,  a  knowledge  of  the  properties  and 
relative  price-,  of  all  the  inateriaU  employed,  a  capacity  to 
gauge  the  capabilities  of  men  and  machines,  and  a  know- 
ledge of  the  Ufc  of  the  worker,  both  inside  and  outside  the 
factory.  This  latter  knowled).;e  is  necessary  in  order  that 
he  may  see  things  from  their  point  of  view ,  as  well  as  from 
the  engineer's.  Referring  to  the  tivc  nietliods  of  training 
mentioned  bv  the  author,  from  my  own  experience  1 
considei  '  i  to  be  the  best,  provided  the  lirst  period 

spent  ill  -  not  exceed   ij   months.     During  this 


\»    /f  Its     i:*>  c 

lc  daw     Mr. 


Ml.  A.  .s.  ,  Jl; 

fortunate    in    I' 

apprentice   training   at   the    llritish    V> 

pany's  Winks  ni"!  "«  ^"'•-   '•••'   ■"  ■'' ■- 
the  t>enclit.      I 
the  a  * 
not    I 

oj    llic    .. 

"OTl  !      • 

In  II 

this  I  .  ■    <: 

the  problem  from  a  simple  point  ol  view,  liit  oo  ttte 
trouble,  and  apply  the  remedy  quickly.  In  this  age  of 
standardization  all  work  is  supplied  to  the  men  oo  the 
benches  fully  mac)  .  i  '  '  then  for 

the  bench  hand  to  i  ■   a  i;ood 

mechanic.      Therefoic   the   !i 
that  iea->onin)>  power  and  inii:  . 
in  the  quality  of  the  product.     In  the  case  o(  an 
winder  apprentice  the  problem  is   rather  dittit.   . 
generally   has    no    technical   training.    The   fundamental 
principles  of  the  relation  of  electricity  and  magnetism  arc 
shown  in  a  very  simple  way.     Special  stress  is  laid  on  the 
care  of  all  materials  and  their  use.     Care  i»  taken  to  explain 
what  happens   if   wr<.>iig   connections  arc   made,  and  the 
reasons  for    the   different    tests.     The   foremen   ol    these 
departments  tind  that  the  product  bears  the  stamp  of  this 
intelligence.     Attention  to  detail  is  specially  cmphasued. 
With  apprentice  draughtsmen  shop-training  is  essential  in 
order  to  obtain  the  best  results.     This  training  enables  the 
boy   to   appreciate   the  difhcullies   in  the  :-  -" 

assembling.  an<l  when  he  becomes  a  fully-tlc 
man  his  training  in  the  works  aud  school  is  .■ciii.dca  in 
the  c>>minun-sens<.  simplicity  of  his  drawings.  A  threat 
advantage  in  the  apprentice  school  is  the  close  touch 
between  the  management  and  the  boys.  The  different 
characters  and  temperaments  of  the  boys  are  noted,  and 
these  will  eventually  decide  the  positions  that  they  will 
hold. 

!ilr.  O.    H.    S'ei-M.i.v   {lommunicjldl)  .    I    ci'iisider    this  Mi  Vc^om. 
suliiect    ol     premier    imixiitancc    to    all    engineer ».      1  he 


who  .ire  responsible  tor  the  running  oi  largc  » 
generally   agree.      It   must   be   rccogiu/ed  that    : 
im(x>rtant   section  of   training  for    the   industrial  side  of 
engineering  applies  to  what  the  author  calls  in  his  paper 
"  iioii-te<.hnical  etiiplovment,    as.  of  course,  it  is  realitcd 


s(^.iking.  I  agree  with  liic  autuor  s  views.      liieic  is  no 
doubt  th.it  III  order  to  gel  Ihr  t<»t  results  il  is  ab^>lutely 
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Ml.  Xcison.  necessary  for  all  works  not  only  to  have  men  who  liave 
been  trained  in  the  particular  machine  piacticc  in  which 
they  are  employed,  bnt  also  that  they  should  have  a  good 
idea  of  the  fundamentals  in  the  particular  work  that  they 
turn  out  and  the  materials  used  therein.  1  quite  agree  with 
the  author  that  it  is  necessary  for  close  co-operation 
between  the  masters  of  schools  in  engineering  districts  and 
the  engineering  firms.  In  tlie  lirst  place,  I  think  very 
fruitful  results  could  be  obtained  by  providing  at  these 
schools  a  particular  class  to  be  known  as  a  "  Technical 
Form,"  in  which  boys  who  desire  to  enter  tlie  engineering 
trade  are  particularly  instructed  in  such  elementary  know- 
ledge as  would  be  useful  to  them  in  their  future  work.  I 
know  that  this  particular  arrangement  produced  very 
excellent  results  in  the  school  that  I  attended.  In  this 
school  there  were  two  Sixth  Forms — one  being  known  as 
the  Technical  Sixth  and  the  other  as  the  Classical  Sixth. 
Those  boys  who  intended  entering  sucli  professions  as  the 
Church,  Law,  or  Medicine  would  enter  the  Classical  Sixth, 
and  those  who  intended  entering  Engineering  and  allied 
professions  entered  the  Technical  Sixth.  I  cannot  see  any 
reason  why  this  scheme  cannot  be  adopted  in  Board  or 
Council  Schools  for  the  sake  of  those  who  intend  actually 
to  work  with  their  hands  and  machine  tools  all  their  lives. 
The  arrangement  has  also  other  great  possibilities,  in  so  far 
that  at  an  early  stage  in  a  boy's  life  it  gives  an  indication  as 
to  whether  he  will  be  suited  for  the  particular  class  of  work 
that  he  proposes  (or  his  parents  propose  for  him)  to  enter. 
If  this  arrangement  were  carried  out  it  would  be  possible 
for  masters  of  schools  in  the  districts  in  which  engineering 
works  exist  to  keep  in  close  touch  with  the  heads  of  these 
Ijrms,  and  to  recommend  from  time  fo  time  various  boys 
who  in  their  opinion  are  suited  for  the  production  of 
skilled  workmen.  With  regard  to  the  question  of 
apprentices,  I  agree  with  the  author  that  the  proper  place 
for  apprentice  schools  is  in  the  works — in  the  first  place, 
because,  as  the  author  implies,  it  gives  the  works'  officials 
an  opportunity'  of  getting  into  touch  with  the  boys 
individually,  and  of  being  able  to  pick  out  those  who  are 
particularly  brilliant  or  suitable  for  advancement.  Further, 
there  are  the  particular  advantages  that  will  accrue  b}' 
having  instructors  or  lecturers  actuall)'  out  of  the  works 
who  are  able  to  give  boys  instruction  in  the  very  latest 
practice  and  point  out  to  them  the  difficulties  that  have  ■ 
arisen  previoush',  i.e.  have  necessitated  changes  in  certain 
works'  practices.  This  is  not  possible  in  the  case  of  w^hat 
one  might  term  junior  technical  schools,  as  the  masters 
would  not  have  the  same  opportunity  of  keeping  up  to 
date  as  the  foremen  of  large  works.  'With  regard  to  the 
smaller  works,  the  only  remedy  that  I  could  suggest  in 
this  particular  case  is  that  a  number  of  small  works  should 
combine  together  to  give  apprentices  the  training  that  is 
deemed  necessary.  With  regard  to  the  actual  early 
practical  training,  I  am  personally  in  agreement  with  the 
special  apprentices'  workshop,  in  which  the  boy  is  taught 
to  use  a  particular  tool— including  speeds  and  feeds— for 
different  materials  and  conditions  of  work ;  the  use  of 
lubricants  for  different  materials,  etc.  Then  the  boy 
could  be  drafted  into  the  works  to  gain  actual  experience 
under  commercial  conditions  of  the  particular  tool  in 
which  he  has  been  instructed.  I  favour  this  scheme 
because  in  an  engineering  works  of  a  modern  type  the 
foremen's   hands  are  so   full   with   the   running   of   their 


departments  that  it  is  practically  impossible  for  them  to  Mi.  N\-l: 
give  a  lad  the  detailed  instruction  whicli  is  necessary  (and 
which  he  could  get  from  the  afore-mentioned  class)  in  the 
operation  of  machine  tools.  With  regard  to  the  vocational 
instruction,  I  feel  that  the  author's  remarks  on  page  568 
are  of  great  importance,  as  the  ignorance  that  one  finds 
when  dealing  with  skilled  men  to-day  is  astonishing,  in 
the  knowledge  of  materials  that  they  are  working  with,  and 
what  they  are  to  be  used  for  on  completion.  I  also 
consider  tliat  it  is  very  important  that  the  value  of  the 
materials  which  he  is  Working  with,  and  the  importance  of 
avoiding  waste  of  time,  should  be  impressed  upon  the  boy 
early  in  his  career,  at  the  same  time  pointing  out  to  him 
that  all  machines — whether  running  or  standing — are  worth 
a  certain  amount  of  money  per  hour.  There  is  one  point 
in  the  paper  in  which  I  do  not  agree  with  the  author's 
remarks,  i.e.  that  for  works  to  rely  for  the  recruiting  of 
their  apprentices  from  other  works  is  not  a  good  plan.  I 
should  say  that  it  was  a  good  plan  for  those  works  that 
have  no  trade  schools  to  recruit  men  from  such  works  as 
those  of  the  British  'VX'estinghouse  Company  that  have 
trade  schools  ;  and  I  am  afraid,  until  it  becomes  a  universal 
practice  for  works  to  have  trade  schools  of  their  own,  that 
those  works  who  have  not  trade  schools  will  always  try  to 
recruit  men  from  works  in  which  boys  are  instructed  in 
trade  schools.  With  this  I  will  conclude  my  remarks  on 
the  training  of  so-called  non-technical  men,  and  I  again 
add  that  I  consider  this  side  of  the  paper  to  be  by  far  the 
most  important,  as  it  is  from  this  side  that  we  rely  for  the 
actual  production  of  work  ;  and  in  this  country  very  little 
has  been  done  on  the  lines  of  the  author's  suggestion  in 
spite  of  its  importance. 

Passing  on  to  the  technical  side,  I  am  very  pleased  to 
note  that  the  author  includes  leading  foramen  or  inspectors 
in  this  section.  In  my  past  experience  in  dealing  with 
foremen,  I  find  there  are  very  few  that  are  able  to  criticize 
the  work  which  they  are  turning  out  from  any  point  of 
view  except  from  that  of  general  finish  and  accuracy 
of  machining,  whereas,  particularly  in  electrical  engineer- 
ing work,  there  is  an  immense  number  of  other  details  that 
require  close  inspection  and  investigation,  which  are  very 
often  overlooked,  and  which  are  not  found  out  until  the 
machine  gets  on  to  the  test  bed,  or  even  out  of  the  works 
and  into  the  customer's  hands.  Personally,  I  consider  it 
would  be  well  to  divide  technical  employment  info  two 
classes  :  one  to  include  departmental  managers,  designers, 
and  testers ;  the  other,  leading  foremen,  assistants  .of 
inspection,  and  draughtsmen.  I  will  deal  with  the 
second  section  first. 

Leading  foremen  and  inspectors. — With  regard  to  the 
training  of  men  for  this  particular  class  of  work,  I  think 
these  should  be  drawn  from  the  more  brilliant  section  of 
the  non-technical  section  ;  for  there  is  not  the  slightest 
doubt  that  these  men  should  have  a  good  and  sound  know- 
ledge of  workshop  practice,  as  of  course  a  foreman  must 
be  able  to  criticize  methods  of  machining  and  the  speeds 
and  feeds  of  machine  tools.  In  addition,  he  should  have 
such  theoretical  knowledge  as  to  be  able  to  detect  such 
mistakes  as  one  I  noticed  in  the  shop  only  the  other  day,  viz. 
a  strap  connection  between  the  brush-holder  arms  on  a 
large  continuous-current  motor  being  of  sufficient  size  to 
carry  about  200  amperes,  whereas  the  cable  connector  which 
took  the  current  away  from  this  strap  was  only  sufficient 
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Mr.  Nelson  be  allotted  to  lectures  on  works  organization,  estimatinvj, 
costin>;,  etc.  Having  coniplcleil  this  last  course  of  train- 
ing the  man  is  then  able  to  decide  tor  himself  whclhcr  he 
will  proceed  to  tlic  shops  side  or  the  engineering  side, 
and  would  be  well-equipped  to  proceed  to  either.  I 
should  therefore  suggest  that  it  would  be  an  excellent 
plan  for  a  close  co-operation  between  the  technical 
colleges  and  large  works  to  attain  this  end,  as  by  this 
co-operation  only  can  the  above  be  possible,  i.e.  for  the 
technical  college  to  refer  a  proposed  pupil  to  the  manu- 
facturing concern,  or  vice  versa  ;  and  1  agree  entirely 
with  the  author  that  the  works  should  not,  it  they  wish  to 
get  tlie  best  of  men,  charge  a  premium.  To  all  manu- 
facturers this  question  of  first,  improving  the  training  of 
the  non-technical  section,  and  secondly  what  I  call 
Class  2  of  the  technicjil  section,  is  one  of  the  utmost 
importance  ;  and  I  feel  that  there  is  not  the  least  doubt 
that  one  of  the  chief  reasons  of  Germany's  progress  as  a 
commercial  nation  is  due  to  the  fact  that  it  has  realized 
that  the  training  of  the  kind  suggested  by  the  author 
for  all  trades'  apprentices  is  necessary  to  obtain  the  best 
results. 

Mr. Pcarcc.  Mr.  J.  G.  Fearce  (communicated):  'With  reference  to 
Mr.  Paton's  remarks  regarding  the  lack  of  interest  that  boys 
betray  in  their  work  owing  to  their  ignorance  of  the  part 
which  their  work  plays  in  the  general  scheme,  the  appren- 
tice school  by  arousing  interest  has  a  distinct  advantage. 
Insulating  material,  for  instance,  may  suffer  considerably 
in  the  shops  by  careless  handling  if  an  apprentice  is 
ignorant  of  the  nature  and  function  of  that  material.  The 
need  for  this  wider  knowledge  is  so  clearly  recognized  in 
Germany  that  apprentices  of  one  trade  are  allowed  to 
work  for  short  periods  in  shops  where  another  trade  is 
carried  on.  Thus  pattern-makers  are  allowed  to  work  for 
a  time  in  the  foundry,  and  vice  versa.  Even  machinists 
may  take  a  si.\  months'  foundry  course.  Trade  conditions 
in  England  seldom  permit  of  this  interchange,  but  an 
excellent  practical  idea  of  the  functions  of  the  various  shops 
and  of  the  processes  which  go  on  in  them  can  be  imparted 
in  the  trade  school.  The  widespread  adoption,  both  in 
America  and  on  the  Continent,  of  the  training  shop  for 
the  trade  instruction  of  apprentices  shows  clearly  that 
engineers  recognize  the  impossibility  of  teaching  trades 
within  the  walls  of  a  classroom.  But  the  training  shop 
frequently  fails  to  justify  expectations,  for  these  reasons  : 
(i;  Lack  of  shop  discipline  and  the  stringent  commercial 
conditions  under  which  shop  work  is  done.  (2)  Lack  of 
relationship  between  work  done  and  wages  received.  (3) 
Extreme  difficult}'  in  obtaining  an  instructor  who  under- 
stands the  art  of  teaching  and  who  is  thoroughly  in  touch 
with  the  trade.  This  could  scarcely  fail  to  be  otherwise, 
since  no  provision  for  the  training  of  such  teachers  exists. 
The  ad%antages  of  collective  teaching  obviouslv  centre 
T  ound  the  uniformity  of  tuition  and  a  proper  correlation  of 
practice  and  theory.  On  the  other  hand,  tlie  routine  work 
of  the  shops  does  not  afford  a  good  training  for  an  appren- 
tice, because  the  foreman  is  generally  too  busy  to  attend 
to  matters  other  than  production  even  if  he  were  a 
most  suitable  man  for  supervising  such  training,  which  is 
seldom  the  case.  Further,  the  apprentice  does  not  receive 
work  in  an  increasing  order  of  difficulty,  and  thus  the  value 
of  graduated  instruction  is  lost  by  violation  of  an  elementary 
principle   of    teaching   which  demands    that    instruction 


should  proceed  from  the  known  to  the  unknown  and  from  Mr.  I'ca: 
the  simple  to  the  complex.  A  compromise  may  be  arrived 
at  in  the  segregation  of  a  special  bench,  machine,  or  group 
of  machines  in  a  shop  for  the  use  of  apprentices.  Thus, 
although  this  portion  of  the  shop  would  remain  productive, 
the  boys  would  be  gathered  together  in  such  a  way  that 
supervision  would  lie  easy  and  their  progress  could  be  care- 
fully watched.  They  might  be  put  in  charge  of  an  older 
apprentice  who  would  be  made  responsible  for  the  work 
done  on  the  bench  and  for  the  teacliingof  the  trade  processes 
to  the  boys.  It  might  further  he  possible  for  tlie  newer  type 
of  sliop  engineer  forecasted  by  the  author  to  supervise  all 
tlie  apprentice  groups  in  those  departments  relating  to  a 
clearly  defined  trade.  Under  these  conditions,  an  appren- 
tice working  for  periods  of  three  months  alternately  in  the 
special  bench  and  in  the  general  part  of  the  shop,  would 
get  a  much  more  eflicient  training  than  is  obtained  under 
the  present  much  more  haphazard  system.  Professor 
Walker  has  pointed  out  the  perseverance  necessary  to 
complete  a  five  years'  course  of  evening-school  study.  In 
future,  it  would  probably  be  found  desirable  to  offer  young 
men  who  wish  to  take  such  a  course  facilities  for  doing 
so  during  the  daytime,  allowing  them  to  take  a  full 
university  course.  In  this  case  the  technical  school  would 
fulfil  its  proper  function  as  a  school  for  artisan  students, 
with  post-graduate  courses  for  technically  trained  men. 
This  is  exactly  the  reverse  of  conditions  obtaining  at 
present,  in  which  the  large  majority  of  students  are 
attempting  to  get  a  technical  education  by  part-time 
instruction.  A  comparison  of  the  pass  lists  published 
for  the  first  year  and  fifth  year  courses  clearly  shows,  as 
the  author  points  out,  that  the  rate  of  mortality  is  high. 
Attention  is  only  just  beginning  to  be  paid  to  the  special 
needs  of  artisan  students.  In  some  parts  of  the  country 
schools  are  being  developed  which  receive  employees  of 
industrial  firms  for  a  few  hours  each  week.  These  en- 
able apprentices  to  avoid  the  strain  which  invariably 
follows  the  attempt  to  take  evening-school  work  after 
the  work  of  the  day  is  completed,  but  it  is  doubtful 
whether  this  type  of  school  has  any  advantage  over  the 
type  in  operation  at  the  British  Westinghouse  works,  the 
advantages  of  which  the  author  has  pointed  out.  But 
perhaps  the  strongest  reason  for  preferring  the  company- 
operated  school,  or  in  the  case  of  small  employers,  such  a 
school  run  on  a  co-operative  basis,  is  the  fatal  tendency  of 
the  technical  school  to  allow  its  instruction  to  remain 
academic.  Teachers  frequently  fail  to  emphasize  the 
feature  which  makes  even  the  most  indifferent  apprentice 
interested  in  the  school  work,  that  is  the  application  of  the 
scientific  principles  to  the  everyday  work  which  has  to  be 
done.  This  would  suggest  the  necessity  for  the  training  of 
a  new  tj'pe  of  teacher,  who,  in  addition  to  possessing  skill 
in  imparting  knowledge,  shall  be  a  craftsman  who  under- 
stands trade  technicalities.  It  is  invaluable  for  a  firm  to  be 
able  to  plan  its  ov^'n  instruction  to  meet  its  own  special 
needs,  to  develop  a  lecturing  staff  in  close  touch  with  the 
needs  of  the  trade  and  the  industry,  and  to  be  free  from 
grant-earning  considerations.  Firms  who  send  appren- 
tices to  these  day  technical  schools  are  in  danger  of 
encouraging  the  perpetuation  of  a  system  which  has 
radically  failed  to  train  the  artisan,  a  failure  which  is 
responsible  for  the  introduction  of  the  'Westinghouse 
svstem. 
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dui  ^  ullu  olc  UktU 

to   i  .1       Such   ctiuit», 

il  itu  !>  .;v^'  \>lv  III  the  uiiivcm(ic».  wuulii  do  much  to 
prcvi.:il  uvciU^ultiig  the  pfolrs^oii  with  unqualiticd  men. 
With  regard  la  the  importance  that  l'rofe!>M>r  Marchant 
:tttaches  to  research  work,  I  think  (hat  this  i>  excellent  u£ 
loiii;  j>  the  intriiliun  is  to  develop  the  student,  and  not  tu 
ulUi/c    him  on  a   special    i;  'i    which    will    be    of 

littic  or  no  u->r  to  him  in  hiv  .  ..  cer,  and  which  could 

be  dode  ;  more  efiectivcly  by  a  man  who  hast  had 

practical  i^-e. 

With  regard  to  the  employment  of  technically-educated 
men  on  the  works  side  of  a  m.inufactunng  organization, 
I  fully  agree  with  Mr.  Mensforth  as  to  the  scope  and 
opportunities  that  this  side  affords.  His  remarks  regard- 
ing the  development  of  powers  of  observation  and  of 
cap.i  idling  men  particularlv  .ip|<lv 

to  i:  1  also  of    considerable    inipi>r- 

tance  in  ever>-  other  branch  of  engineering. 

Ur.  I'aton's  remarks,  from  the  schoolmaster's  point  of 
view,  are  extremely  interesting.  As  to  the  business  of 
discovering  the  right  kind  of  boys  who  should  enter 
eugiueering,  this  is  a  matter  of  fundamental  interest,  and 
one  in  which  .i  very  great  amount 

of  good.     Tl,  4ical  one  which  ti.i- 

not  itcd  the  caiciul  consideration  that  its 

imp  .  as.     I  fully  endorse  his  views  regarding 

the  need  lor  deniocrati/ing  the  profession  and  of  fostering 
the  "upward  luobdity  "  to  which  he  refers.  It  is  economi- 
cally important  to  develop  to  the  utmost  the  capacity  of 
every  vouth. 

Mr.  Haton's  reference  to  the  class  of  youth  who,  on 
»cv.  c  character  of  his  work  is  looked  u[Hih,  and 

••■>  he  something  of  a  machine,  introiluccs  a 


featuic  ■  impiortance,  and  the  training  that 

such  a  :..  ould  be  directed  to  bring  about  a 

feeling  of  pride  ot   achievement  in  workmanship  which 


would    servo    to   eliminate   the 

and   create  a   greater   spirit   of 

training  of   youths   in    i  . 

limited    number   of    1; 

effr 
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an 
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be    done 
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diiioiit  are  nuw  being  rectified.     In  th 


course  of  training  should  follow,  1  do  not  wish  to  enter 
into  a  controversy  :  the  matter  lias  received  a  ».'■■-'   '''"•I 
of   attention   in   most   of   the  discussions  on  ei 
training.     I    have   confined    my   remarks   on    t' 
solelv  to  the  sequence  which  is  best  suited  for  t: 

.\s  tu   r 
1.  I  repcate<l 

IS  one  who  can  do  for  one  dollar  what  any  : 
two'    applies  not  onl\  when  the  engineer 
the  commercial,  but   also  in  every  other    ' 

profession.     Cost  underlies  all  engineering  w^-  »  - .-. . 

engineer  should  possess  coiiimeicial  instinct. 

Mr.  Thomas  says  "we  only  want  the  edu..    '  V 

yield     practical    results    against    trade     riv 
loreign  ones."     I    know  of   n 
till"  result  than  that  which  is  I' 
whatever  occupution  the  individual   worker — » 
technical  or  non-technical  employment — has  to   , 
In  this  connection,   apprentice   schools,   oc    co-operative 
schools  for  the  purpose  of  trade  training,  are  pre-eminently 
suitable.     That  there  is  an  aw-akening  to  the  need  ol  some 

many   if 
!  -houkt  ■ 
ttiuf  alion  lictwceii  y 
.1  -,   with   a  view  to  a; 

with    a  working  scheme,  is  worihy  ol 
sidcration. 

LV.  Worrall  considers  that  schools  attached   to  works 
willhave  a  aarrow-in."      '  .    '  '     '      '   rs  independent 

schools.     I    do  not  IS  view,  since 

It  is   : 
rangi 

carrv  on  their  own  edi. 
the   narrowing    tendency  , 

annulled.  His  experience  in  regard  tu  a  low  standard  ot 
workmanship  is  an  unhappy  one.  and  it  is  to  raise  this 
standard  by  the  proper  education  and  training  of  the 
A  .     IS   one  of  the    '  •  .'      ' 

■ol       I   am   en- 
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Nr.  educated    men    cannot    be   obtained    solely   on   the   test- 

Fleming.  pi^ti;  or  in  the  drawing  office,  but  should  comprise  a 
very  much  wider  scope  of  work  in  manufacturiui;  depart- 
ments, and  some  experience  in  the  coninicrcial  and  desijjn- 
ing  odices. 

The  remarks  by  Mr.  Collinge  regarding  the  training 
of  young  men  engaged  in  central-station  work  arc  of 
considerable  interest,  but  strictly  speaking  fall  outside 
the  scope  of  this  paper.  The  difliculty  of  providing  for 
the  technical  education  by  part-time  study  of  youths 
working  on  shift  is  a  very  real  one,  and  is  worthy  of  the 
consideration  of  central-station  authorities  as  a  body. 

Mr.  Lord's  remarks  regarding  the  working  of  his  school 
at  Newton  Heath  are  most  interesting,  and  the  progress 
of  this — the  lirst  junior  technical  school  in  the  district — 
will  be  followed  with  close  attention  by  engineering 
employers.  It  will  be  particularly  interesting  to  see  what 
kind  of  employment  the  youths  who  attend  this  school 
ultimately  follow  and  what  rank  they  attain.  From  the 
experience  of  other  schools  of  this  kind  tlicre  appears  to 
be  some  likelilicod  of  attention  being  directed  largely 
to  providing  a  course  of  training  suitable  for  those  youths 
who  will  ultimately  rise  to  positions  above  that  of  the 
bench,  and  while  there  is  ample  scope  for  such,  there  is 
also  a  very  crying  need  for  training  suited  specially  to  the 
workman.  While  appreciating  the  difficulties  of  estab- 
lishing trade  schools,  due  to  the  variety  of  trades  to  be 
satisfied,  the  problem  does  not  appear  to  be  insurmount- 
able, as  shown  by  what  has  been  accomplished  in  this 
respect  on  the  Continent. 

Mr.  Paul,  from  his  experience  in  conducting  a  training 
school  in  connection  with  his  own  works,  calls  attention 
to  a  very  important  feature  of  such  a  method  of  training, 
namely,  the  feeling  of  comradeship  and  healthy  rivalry 
developed  between  apprentices  of  the  same  works  striving 
for  a  common  end.  The  introduction  of  this  spirit  of 
competition  is  an  invaluable  feature  of  the  apprentice 
school.  I  think  most  employers  who  have  undertaken 
educational  work  will  agree  with  him  that  tlie  expenses 
tliereby  involved  should  not  fall  on  individual  firms. 
There  are  not  wanting  signs  of  considerable  development 
in  the  vocational  education  of  j'ouths,  and  it  is  to  be 
hoped,  when  those  firms  who  are  now  doing  pioneer 
work  in  this  direction  have  provided  sufficient  experience 
for  the  work  to  be  carried  out  on  a  wider  scale,  tiiat  some 
national  scheme  can  be  evolved  for  dealing  with  the 
problem.  From  a  personal  visit  that  I  was  privileged  to 
make  to  Mr.  Paul's  training  school,  I  am  convinced  that 
the  results  which  he  is  obtaining  will  be  highly  beneficial 
to  his  branch  of  the  industry. 

Mr.  Flight  emphasizes  the  need  for  technicall3'-trained 
men  on  the  manufacturing  side  of  engineering,  and  out- 
lines fully  the  wide  scope  that  this  branch  affords.  I  am 
fully  in  agreement  with  his  remarks.  The  relative 
sequence  of  college  and  works  training,  as  I  have  already 
noted,  is  largely  a  matter  of  opinion  and  individual 
requirements,  and  I  think  it  is  impossible  to  lay  down  a 
ruling  which  satisfies  everv  case. 

Mr.  Howarth  points  to  the  value  of  shop  experience  in 


a  draughtsman's  training.     Tliis  is  an  important  matter,  Mr. 
particularly    in    electrical    work,    where    one    often    finds     ''      ** 
many  young  men  wlio  seek  to  become  draughtsmen  with- 
out   undergoing   anv   practical    workshop    training.       His 
views  coincide  with  the  method  of  training  suggested  in 
the  paper. 

Mr.  Nelson  recommends  that  in  the  council  schools  those 
boys  intending  to  follow  the  engineering  trades  should 
be  segregated,  and  should  receive  special  instruction 
just  prior  to  their  leaving  school.  No  doubt  much  would 
be  gained  from  this  if  the  educational  autliorities  could 
see  their  way  to  provide  such  instruction.  In  any  case, 
I  think  mucli  good  would  result  if  schoolmasters  would 
make  themselves  conversant  with  engineering  require- 
ments in  their  district,  and  thus  be  in  a  better  position  to 
direct  to  the  engineering  trades  the  most  suitable  youths. 
With  regard  to  the  use  of  a  special  apprentice  workshop, 
this  offers  advantages  where  only  one,  or  a  very  limited 
number  of  trades  only  have  to  be  dealt  with.  In  a  large 
electrical  works,  however,  embracing  possibly  a  dozen 
trades,  the  difliculty  of  providing  a  special  training  shop 
becomes  evident.  I  fully  agree  with  his  remarks  that 
youths  should  be  made  to  appreciate  the  various  items 
that  make  up  the  cost  of  the  apparatus  they  produce, 
and  particularly  also  the  importance  of  avoiding  waste 
of  materials,  time,  and  effort. 

Mr.  Pearce  points  out  the  need  for  apprentices  appre- 
ciating the  function  of  their  work  in  the  whole  sequence 
of  operations  in  manufacture,  and  it  is  in  tlie  apprentice 
school  that  such  information  can  be  most  successfully 
imparted.  His  suggestion  of  setting  apart  a  small  portion 
of  each  shop  or  department  for  the  manual  training  of 
apprentices,  under  the  charge  of  an  advanced  apprentice 
or  shop  engineer,  appears  to  be  excellent  as  a  substitute 
for  the  separate  training  shop  and  would  obviate  many  of 
the  disadvantages  of  the  latter.  In  the  trade  instruction 
of  apprentices,  thp  importance  of  the  teacher  being  fully 
experienced  in  the  requirements  of  tlie  trade  cannot  be 
over-emphasized,  and  in  this  respect,  as  Mr.  Pearce 
points  out,  it  is  invaluable  for  a  firm  undertaking  edu- 
cational work  to  be  able  to  train  teachers  from  its  own 
staff. 

I  agree  with  Professor  Walker  that  young  men  who 
consistently  follow  a  five  years'  course  of  evening  technical 
instruction  show  themselves  to  possess  excellent  character- 
istics, and  it  is  unfortunate  that  it  is  impossible  to  devote  the 
facilities  available  solely  for  the  benefit  of  such  students. 
The  line  of  demarcation  between  the  requirements  of  the 
artisan  and  those  of  the  youth  who  has  the  ability  to  rise  to 
technical  employment  is  not  clearly  enough  drawn,  and  no 
doubt  a  great  deal  of  the  overload  existing  in  evening 
classes  could  be  relieved  by  diverting  a  large  proportion 
of  the  students  into  trade  classes.  As  he  points  out,  the 
provision  of  facilities  for  carrying  out  a  national  scheme  of 
artisan  training  would  increase  enormously  the  efficiency 
of  the  workman.  Such  a  scheme  would  require  close  co- 
operation between  employers  and  educational  authorities, 
but  its  organization  appears  to  present  no  insurmountable 
difficulties. 
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STILL:   THE    INHERENT   REGULATION   OF 


Factors  Influencing  the  Inherent  Rec.ui.ation  ok 
Alternators. 

By  enumerating  all  tlie  factors  whicli  inlliicncc  tlu- 
terminal  voltage  of  a  generator  driven  at  constant  speed 
with  constant  field  excitation,  it  will  be  possible  to  judge 
how  nearly  the  methods  about  to  be  considered  approxi- 
mate to  the  ideal  solution  of  the  problem.  These  factors 
are  : — 

{a)  The  total  or  resultant  flux  actually  cut  by  the 
armature  windings  (this  involves  the  flux  linkages 
producing  armature  reactance). 

(6)  The  ohmic  resistance  of  the  armature  windings. 


armature  current  produces  a  cross-magnetization  and  a 
distortion  of  the  resultant  field,  accompanied  usually  by  a 
reduction  of  the  total  flux  owing  to  increased  flux  density  in 
the  armature  teeth  where  the  air-gap  density  is  greatest. 
This  effect  is,  however,  less  marked  in  alternating-current 
than  in  continuous-current  generators,  because  in  the  former 
the  tooth  density  is  rarely  so  high  as  to  approach  saturation. 
On  low  power  factor,  with  lagging  current,  the  armature 
magnetomotive  force  tends  to  oppose  the  field  magneto- 
motive force,  and  on  zero  power  factor  its  effect  is  wholly 
demagnetizing,  thus  greatly  reducing  the  resultant  air-gap 
flux.  With  a  leading  current  the  well-known  effect  of  an 
increased  flux  and  a  higher  voltage  is  obtained.  The  effect 
known  as  armature  reaction,  as  distinguished  from  armature 
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Fig.  2. 


(c)  The  alteration  in  wave  shape  of  the  generated  electro- 
motive force,  due  to  changes  in  air-gap  flux  dis- 
tribution. Tliis  means  that  the  measured  terminal 
voltage  is  not  necessarily  proportional  to  the 
amount  of  flux  cut  by  the  conductors,  because  this 
determines  the  average  value  of  the  developed 
voltage,  while  the  form  of  the  E.M.F.  wave  deter- 
mines the  relation  between  the  mean  value  and 
the  virtual  or  R.M.S.  value. 

By  far  the  most  important  items  are  included  under  (a), 
and  it  will  be  well  to  consider  exactly  how  the  resultant 
flux  cut  by  the  armature  windings  varies  when  load  is  put 
on  the  machine. 

Considering  first  the  flux  cut  by  the  active  belt  of  con- 
ductors under  the  pole  face,  this  is  not  usually  the  same 
under  load  conditions  as  on  open  circuit  (the  field  excita- 
tion remaining  constant),  for  the  following  reasons.  The 
current  in  the  armature  windings  produces  a  magnetizing 
effect  which,  together  with  the  field-pole  magnetomotive 
force,  determines  the  resultant  magnetomotive  force  and 
the  actual  distribution  of  the  flux  in  the  air-gap.  When 
the  power  factor  of  the  load  is  approximately  unity,  the 


reactance,  is  therefore  dependent  not  only  on  the  amount 
of  the  armature  current  but  also  largely  upon  the  power 
factor. 

Apart  from  the  action  of  the  armature  winding  as  a 
whole,  causing  a  reduction  of  the  total  flux  crossing  the 
air-gap  from  pole  face  to  armature  teeth,  it  is  necessary 
to  consider  the  effect  of  the  individual  conductors 
which,  by  producing  a  leakage  of  flux  in  the  slots  them- 
selves, still  further  reduces  the  useful  flux  when  current 
is  taken  from  the  machine.  The  whole  of  the  flux 
entering  the  tops  of  the  teeth  is  not  cut  by  the  conductors 
buried  in  the  slots,  and  the  voltage  actually  developed 
in  the  "active"  portion  of  the  armature  windings  will 
be  reduced  in  proportion  to  the  amount  of  flux  which, 
instead  of  entering  the  armature  core,  is  diverted  from 
tooth  to  tooth.  This  loss  of  voltage  is  usually  attributed  to 
the  reactance  of  the  embedded  portion  of  the  windings, 
and  is  referred  to  as  a  reactance  voltage.  This  term,  how- 
ever, although  very  convenient,  is  liable  to  lead  to  con- 
fusion when  an  attempt  is  made  to  realize  the  physical 
meaning  of  armature  reactance.  It  suggests  that  a  certain 
electromotive  force  is  generated  in  the  conductors,  thus 
causing   a   flow   of   current  which   in   turn   produces  the 
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purtion  of  the  total  flux  leaving  the  pole-shoe  which  crosses 
the  air-gap  but  docs  not  enter  the  armature  core  below 
the  teeth,  disposes  of  the  dillicullics  encountered  by 
luany  engineers  ^including  sunie  authors  of  text  books) 
when  faced  with  the  necc^ksity  of  calculating  the  slot 
inductance.  It  is  unnecciisary  to  consider  the  leakage 
itux  in  the  ^ots  under  the  pule  lace,  but  it  is  important 
to  know  the  amount  of  tlux  in  tlie  neutral  zone,  which 
pastes  from  tooth  to  tooth  and  generates  no  electro- 
motive force  la  the  conductors.  If  iIun  leakage  slot 
llux  (in  the  neutral  xuue>  were  actually  cut  by  the 
cunductoTs,  It  would  generate  a  component  of  clectro- 
QKMn-e  force  lading  one  quarter  period  belund  the  luaiii 
compoaent  von  the  assuni(>tion  of  sine- wave  foriui,  and  il 
can  Iherdore  conveniently  be  represented  in  vector 
diagranu  as  tf  it  were  an  electromotive  force  of  sclf-iitduc- 


(ra\<l  \A  Uw  «ua>JtfU>4>. 


■icji.'ii  ittr  »('A^c  t<-tv\i.  .  ;«.U-4  on  ttic  aritulurt 
at  Ilu^;nr(lv  Hu\  vx  jmtaIIcI  tu  tlic  diractMin  ol 


.irmature  windings,  and  :  i  circuit.     For 

a  given  output  and  (WW.  :iax  lo  a  poly- 

phase generator  is  lixcd  in  position  relatively  to  tbc  beld 
poles,  being  stationary  in  space  if  the  armalure  revolvers. 
The  maximum  value  ol  the  armature  maguetontoUvc  lonx 
occurs  at  the  point  where  the  current  in  the  conductors  is 
tjcru,  and  on  the  assumption  of  a  sinusoidal  dux  duklribuliou, 
tlie  il 
end  r 

./  .    luL  cuiiciit   \c(.ioi.      It    IS  tiictcfolc   ,. 

I-  .lis  K.M.K.  comjKjnent  as  a  reactive  Vo.;.._, 

as  would  be  obtained  by  connecting  a  choking  cod  in  series 
with  the  "  active  "  portion  of  the  armature  windings  ;  and 
if  the  inductance,  L„  of  the  end  windings  is  knoM  n,  and 
a  sinusoiilal  dux  distribution    .  '    the  clcctrouiotikc 

torcc  developed  by  the  cult.  end  tluxes   under 

load   conditions  u   given   by  t:.c   mcI  . 
J  w  I  L,  1,  whcic  1  u  the  virtual  value  o4 
armature  windings,  and  /  is  the  Ircquency. 
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Approximate  Method  of  Predeterjiixinc, 

Rkc.i'latiox. 

If  all  the  iiltcniating  iiuantitics  arc  simpk-  harmonic 
functions,  the  regulation  can  be  calculated  by  using  vector 
diagrams.  Let  curve  A  of  Fig.  4  represent  the  open-circuit 
characteristic  of  the  machine  ;  it  can  be  drawn  fairly 
accurately  from  design  data  after  the  whole  magnetic 
circuit  has  been  designed,  since  the  flux  density  in  llie 
various  parts  of  the  magnetic  circuit  can  be  calculaterl  and 
the  necessary  total  magnetizing  aniperc-lurns  estimated, 
excepting  that  the  flux  leakage  from  pole  to  pole  is  not 
very   easily   estimated-  in    new  types  of   machines.     It  is 


0'  TT        R' 

Ampere-turns    per    pole 
KiG.  4. 


assumed  that  the  quantities  required  for  the  construction 
of  the  vector  diagrams  are  known  ;  but  a  means  of  esti- 
mating the  probable  quantitative  effects  of  the  slot  and 
end  fluxes  will  be  considered  later. 

Load  Saturatiox-cuiue  for  Zero  Power  Factor. 

In  practice,  any  power  factor  below  20  per  cent  is 
usually  considered  to  be  equivalent  to  zero,  so  that  the 
calculations  can  be  checked  when  the  machine  is  built  by 
providing  as  a  load  for  the  generator  a  suitable  number  of 
induction  motors  running  light.  On  these  low  power 
factors  with  lagging  current  the  phase  displacement  of  the 
armature  current  causes  the  armature  magnetomotive  force 
to  be  almost  wholly  demagnetizing,  that  is  to  say,  it 
directly  opposes  the  magnetomotive  force  due  to  the 
field  windings,  the  distortional  or  cross-magnetizing  effect 
being  negligible.  Its  maximum  value  per  pole  is  easily 
calculated,  and  its  effect  in  reducing  the  flux  in  the  air- 
gap  is  readily  compensated  (on  zero  power  factor)  by 
increasing  the  field  excitation  so  that  the  resultant  ampere- 
turns  remain  unchanged.  This  statement  is  not  strictly 
correct  because  the  increased  ampere-turns  on  the  field 
poles  give  rise  to  a  greater  leakage  flux,  and  this  alteration 
should  not  be  overlooked,  especially  when  working  with 
high  flux  densities  in  the  iron  of  the  magnetic  circuit.  If  the 
estimated  leakage  flux  for  a  given  developed  voltage  on  open 


circuit  is  */  maxwells,  then,  for  the  same  voltage  with  full- 
load  curreni  on  zero  power  factor,  the  leakage  flu\  would 

be  approximately  <1>/ = 'Iv  (- — j.  —  )  where  M  is  the  num- 
ber of  field  ampere-turns  on  open  circuit,  and  (M  -f  S  I)  is 
the  number  of  field  ampere-turns  with  full-load  current  in 
the  armature,  the  power  factor  being  zero.  Tlie  quantity 
SI  is  the  demagnetizing  ampere-turns  per  pole  due  to  the 
armature  current. 

Knowing  the  increase  of  llux  in  pnk-  and  frame,  the 
magnetomotive  force  required  to  overcome  the  increased 
reluctance  of  these  parts  can  he  calculated,  and  in  this  way 
the  dotted  curve  .\'  of  Fig.  4  can  be  drawn.  This  is 
merely  the  open-circuit  saturation  curve  corrected  for 
increased  leakage  flux  due  to  the  additional  field  current 
required  to  balance  the  demagnetizing  effect  of  a  given 
armature  current. 

In  the  vector  diagram  Fig.  5,  let  O  E,  represent  the 
required  terminal  voltage  if  the  machine  is  mesh  con- 
nected, or  the  corresponding  potential  difference  per  phase 
winding  if  the  machine  is  star  connected.  (In  a  3-phase 
Y-connectedgenoratorO  E, would  be  1/^^/3  times theterminal 
voltage.)  The  vector  0  1,  drawn  90°  behind  O  E,,  is  the 
armature  current  on  zero  power  factor.     The  impedance- 
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Fig.  5. 

drop  triangle  is  now  constructed  by  drawing  E,  P  parallel 
to  O  I  of  such  a  length  as  to  represent  the  I  R  drop  per 
phase,  and  P  Ej.  at  right  angles  to  O  I  to  represent  the 
reactive  pressure  drop  per  phase  in  the  end  connections. 
O  E^,  is  therefore  the  voltage  actually  developed  in  the  slot 
conductors  because  it  contains  the  component  P  E^  to 
balance  the  voltage  generated  bv  the  cutting  of  the  end 
flux,  and  the  component  E,  P  to  overcome  the  ohniic  resist- 
ance of  the  windings.  Now  produce  P  E^  to  E,/  so  that 
E5,E,/  represents  the  voltage  that  would  be  developed  by 
the  slot  flux  if  this  were  cut  by  the  conductors.  O  E,,', 
which  may  be  called  the  apparent  developed  voltage, 
is  then  the  electromotive  force  that  would  have  been 
developed  in  the  armature  windings  if  the  slot  flux  had 
actually  entered  the  core  instead  of  being  diverted  from 
tooth  to  tooth  by  the  action  of  the  current  in  the  con- 
ductors. It  is  therefore  also  a  measure  of  the  total  flux 
passing  through  the  air-gap  into  the  armature  teeth,  and 
the  magnetizing  ampere-turns  necessary  to  produce  this  flux 
would,  on  open  circuit,  actually  develop  this  electromotive' 
force  in  the  armature.  Thus  when  the  resultant  magneto- 
motive force  in  the  magnetic  circuit  is  such  that  E/  volts 
would  be  developed  on  open  circuit,  the  terminal  voltage 
under  the  assumed  load  conditions  would  be  E,.  It  is 
usual,  when  the  power  factor  is  zero,  to  consider  this  loss 
of  pressure  as  equal  to  the  total  reactive  drop  (E,/P) 
because,  owing  to  the  relative  smallness  of  P  E,  and  the 
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on  itx*  6ctd  pole.     Thu«  K,K  or  O  W  i-  ll<> 

itrcc«>ary  to  produce  K,voll»»l  ihclcn'"" 

H  the  tu4d  i!>  now  lliiuik'n  ulf,  the  Iciii' 

lo   K,  »i»d   Ihc   P'  '         ■   I"'    ""^   j'.i.iK  lii... 

current  output  on  Vkill   thcietoic    l>c 

^  ,.,).  Thi»  kiiupic  construction  cnal>lc»  the  dc»i>;iicr 

lo  1  .ii.-i.-utalely  the   icfjiiUlion  on  zero 

...v.  , .1    lie   cm   correctly   cilcuUtc   the 

^>   required   for   the   vector  quantities  of  Vi^.  $. 
I    ,  '  •     '      '     '■ -.racteriitic  O*  R  IS  quicklv  obtained 

hv  '  M  N  U  along  the  corrected  no-load 

\t.  llic  ditYereiice  of  pressure,  S  K,  cor- 
anv  particular  value  I)  K'  ol  liclii  cxcita- 
IS  called  the  synchronous  reactance  drop 
iij{h  It  is  made  up  partly  of  real  reactance 
drop  and  [virtly  of  armature  reaction,  it  may  conveniently 
be  treated  as  if  it  uere  due  to  an  equivalent  or  lictitious 
reactance  capable  of  producing;  the  same  total  loss  of 
pressure  it  the  magnetomotive  force  of  the  armature  had 
no  dcniagiieluin)>  or  distorlioiial  effect.  Thus,  by  pro- 
ducing! the  line  P  K_ '  to  K.  in  Kifj.  5,  so  that  I'  K.  is  equal 
to  SH  of  Kif;.  4.  the  vector  dij)>ram  shows  the  difference 
t>etM'een  the  open-circuit  pressure  O  K.  and  the  termiiiil 
pressure  O  K,  under  load  conditions  at  zero  power  factor 
when  the  6eld  excitation  is  maintained  constant.  The 
additional  (fictitiousi  reactance  drop  E.  E/  is  correctly 
drawn  at  right  angles  to  the  current  vector  beciuse  on 
zero  pow  iTcct  of  the  armature  inagnctoinotive 

force  IS  \s  lizing  ;  in  other  wo' d-..  it  lends  to  set 

up  a  m:igiiLlic  licKi  Ui>piace(l  exactly  ifcr  (electrical  space) 
behind  the  current  producing  it  :  hence  when  the  load  is 
thrown  otT,  the  balancing  MM  K.  component  on  the  licld 
poles  will  generate  the  additional  voltage  in  the  phase  O  K  . 
It  should  be  realized  that  the  hctitious  reactance  drop. 
E.K^'of  Kig.  5,  cannot  be  predcterinined  until  the  whole 
ol  the  magnetic  circuit  of  the  nuchiitc  has  l>ecn  designed. 
Till  c     1)  K   in     Fig.    4   is    the    loss    of    voltage 

coi  ;4   to    K. 'P  of    Kig.   5,  and   is  appruxiiiuiely 

coiislaui  lor  a  given  .iiiiialurc  current.  The  portion  S  L), 
however,  of  the  total  diiiciciicc  of  voltage  depends  on  the 
slope  of  the  line  M  S,  and  is  thus  sonic  function  of  the 
degree  of  saturation  of  the  iron  in  iln-  mi  vii-ii.  ,11,  mi. 
*  &  H.  lloirrcKsev.    Kc^uUtion  ..i 

(»    ■■ 
IIk 


4«4.  Ji,  t^  ijiik  t^J4. 


^atsioc^) 


IXier  1-) 


IKdrcf) 

KUi.  6. 

ture  niagiietoinntive  force  has  had  time  lo  react  on  the  field 

and   h.is  .1  I  the  llui 

gap,  the  iL  .1  may  be 

lated  by  using  the  construction  indicated  in  l-igs.  o  and  7. 
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The  veclor  Iri  ingle  Kig  *»  is  constrncle^l  for  anv  asMi'ned 
value,  1  .     ' 
terminal  \ 
the  Hux  III  '11  must  be  such  tli.. 

would  be  ..V  .v..-,^a  in  Ihe  ariiulurc  c^ ,  - -- 

circuit.     The   value    OK  (Fig.   7*    of    the    ainpcre-turos 
to   produce   this   Hux    in    the  air-gap  '' 

I,     the    ordinate    UK'    being    Ihe 
vo;ut;e    as    determined   by    the   vector   diagram.      .N'jw 
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since  the  magnetomotive  force  of  the  armature  windings 
will  be  almost  wholly  deinagiicti/ing,  it  is  correct  to 
assume  that  the  lield  excitation  must  be  increased  by  an 
amount  equal  to  the  maximum  armature  ampere-turns  per 
pole  in  order  that  the  resultant  excitation  may  be  O  F. 
Thus  FG  in  Fig.  7  is  made  equallotlie  maximum  armature 
ampere- turns,'-  and  by  drawing,  to  a  suitable  scale,  the  ordi- 
nate GJ  equal  to  the  assumed  armature  current  I,,  the 
point  J  on  the  short-circuit  current  curve  is  obtained.  By 
repeating  the  construction  for  any  other  assumed  value  of 
the  current  it  will  be  seen  that  so  long  as  E;.'  lies  on  the 
linear  portion  of  the  no-load  characteristic,  the  relation 
between  the  short-circuit  current  and  the  field-pole 
excitation  is  also  linear.  When  the  iicld  excitation  is  O  L, 
giving  a  pressure  O  E„  on  open  circuit,  tlie  short-circuit 
current  will  be  L  K. 

RkiU'latiox  on  .any  Power  Factok. 
Unless  the  effects  of  cross  magnetization  are  taken  into 
account,  it  is  impossible  to  predetermine  the  regulation 
accuratelv  when  the  power  factor  differs  appreciably  from 
zero,  but  by  the  intelligent  use  of  vector  quantities  (in- 
volving as  they  do  the  assumption  of  simple  harmonic 
curves)  verv  satisfactory  results  can  be  obtained.  The 
best  method  known  to  the  author  by  which  the  load 
saturation-curve  for  any  power  factor  may  be  drawn,  with- 
out resorting  to  flux  distribution  and  wave-shape  analysis,  is 
that  given  by  Professor  Alexander  Gray.f     A.  E.  Clayton  J 


Fig.  8. 

has  also  suggested  a  similar;method.  For  example,  let  the 
ixternal  power  factor  be  cos  9,  and  O  R'  (Fig.  S)  the  con- 
stant field  e.xcitation  which  would,  on  open  circuit,  develop 
the  pressure  E„  represented  by  R'  S.   The  full-load-current 

*  On  the  assumption  of  sine  wave-form,  the  total  arm.-iture  ampere- 
turns  per  pole,  due  to  the  currents  in  all  the  conductors  of  a  3-phase 
machine,  may  be  taken  as 

where  Z  is  the  number  of  conductors  per  phase,  and  f  is  the  number 
of  poles. 

t  A.  Gray,     "  Electrical  machine  design." 

J  EUclrician,  vol.  73,  p.  90,  1914. 


zero-power-factor  saturation-curve  O'  R  has  been  drawn  as 
previously  described.  If  then  it  is  possible  to  determine 
the  point  Q  on  the  full-load  satuEution  curve  for  power 
factor  cos  Q,  the  required  percentage  regulation  may  be 

expressed  as  100  /^,,,. 

In  Fig.  9  draw  the  right-angkd  triangle  E,  P  E„  sucli  that 
P  K,  represents  the  armature  resistance  drop  per  phase 
with  full-load  current,  and  E„  P  the  corresponding  synchro- 


Armat}ure  current; 
Fig.  y. 

nous  reactance  drop,  as  given  by  S  R  in  Fig.  8.  From 
E,  draw  the  line  E,m  of  indefinite  length  and  so  that 
in  K,  P  is  the  required  power-factor  angle  9.  From  E„  as 
centre  describe  the  arc  of  a  circle  of  radius  R'  S  (Fig.  8) 
equal  to  the  open-circuit  voltage  and  cutting  m  E,  pro- 
duced at  O.  Then  O  E<  will  be  the  required  terminal 
voltage,  which  may  be  plotted  as  R'  Q  in  Fig.  8.  This 
construction  provides  for  the  proper  angle  t)  between 
terminal  voltage  and  current  ;  and  in  regard  to  the  relation 
between  the  terminal  voltage  E,  and  the  open-circuit 
voltage  E„  when  load  is  thrown  off,  it  will  be  seen  that  the 
total  synchronous  reactive  drop  has  been  used  in  the  im- 
pedance triangle  E,  P  E„  of  Fig.  9.  This  virtually  assumes 
the  demagnetizing  and  distortional  elTects  of  the  armature 
current  to  be  equivalent  to  a  fictitious  reactance  capable  of 
being  treated  vectorially  like  any  other  reactance,  and  of 
which  the  direct  effect  on  regulation  is  proportional  to  the 
sine  of  the  angle  of  lag— a  not  unreasonable  assumption 
though  scientifically  inaccurate.  This  gives  good  results 
in  machines  of  normal  design.  It  is  when  departures  are 
made  from  standard  practice  that  such  approximations  are 
liable  to  be  abused. 

Calculation  of  Armature  Inductance. 

The  flux  cut  by  the  conductors  which  project  beyond 
the  ends  of  the  armature  slots  is  very  difficult  to  calculate, 
and  empirical  formuhTe  based  on  experimental  data  are 
generally  used  for  predicting  the  probable  value  of  the 
inductance  of  the  armature  end  connections.  In  Fig.  10 
let  T  represent  the  pole-pitch  of  a  3-phase  generator, 
and  /'  the  average  axial  extension  of  the  coils  beyond 
the  ends  of  the  armature  core."=  If  the  total  flux  produced 
by  the  armature  currents,  in  the  space  r  centimetres  wide 
by  /'  centimetres  deep  as  shown  cross-hatched  in  Fig.  10, 
can  be  estimated,  the  voltage  developed  by  the  cutting  of 
this  flux  can  readily  be  calculated.  Without  attempting  to 
go  into  the  niceties  of  mathematical  analysis — which  would 

♦  The  equivalent  projection  of  a  coil  that  is  bent  up  to  clear  the  coils 
of  other  phases  might  be  considered  equal  to  the  projection  of  the  same 
coil  if  flattened  out. 
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Pic     10. 

>>n  r  but  abo  on  f.    Thus,  the  amount  of  the  projection  t 
'  kU  0/  the  >lot  would    >eein  lo  he  a  more 

f    ihin   the    ciroiitiifcrcntial  width    of    the 
and  for  the  i. 
.      .     .i->e  generator  t 
suggests  the  empirical  formula 

♦.  =  »Tj.y,(^^^^)iog„(i2„,/;)  ...  (I) 

where  T,  =  the  number  of  inductors  in  each  slot  : 

a,  ^  the  nun:'  !'ts  per  pole  per  phase  ; 

t  ^  the  pi  I  coil  ends  beyond  end  of  slots 

in  ceiitiniclit.-s  ; 
/,  =  (ir  +  4/'i  =  approximately  the  total  length  in 

centimetres  per  turn  of  wire  in  a  coil,  less  the 

slot  portion  ; 
I.  =  the  armature  current  r>er  conductor  (R.M.S. 

\-alue> ; 
*  =  constant,  approximately  unity,  depending  upon 


of  iron  teiidiiig  tu  incrcaM:  the  induction. 

Tt  .ire  factors  in- 

Uodu  of  flux  with  a 

concentrated  winding,  and  lor  the  lact  that  the  projection 
tot  the  coils  will  intiuence  the  lolal  flux  to  a  greater  extent 
than  the  end  length  r  which  appears  in  the  expression  for 
the  total  length  /.. 

H  >  is  the  number  of  ix>les  of  the  machine,  the  total 
number  t'  Kis/kT,  ii„a' 

^a'"c  of  .d  in  the  end  . 

end    ilux   Will   be   j/4»,  ;>  1",  n,  X  to-*. 

M   faci  ir   to   be    rii,  which   would  be 

the  nux  ,11  were  sinusoidal,  and  sub- 

:  «r  ♦,  the   . ^..cn  by  formula  (i\  the  voltage 

it  developed  per  phase  winding  by  the  cutting 

V  .    ...^  v., J  flux  Is 


E.  =  (r.'i  *)// T/  /.  (,"^'5)  log» (u  «.  n  X  I.  X  10- 
VOL.  53. 


(«) 


L   J 


Fit,    11. 


(Bl 


paths  of  the  magnetic  lines  in  the  neutral  /one,  <Ai  when 
the  current  in  the  slot  conductors  is  ^eru,  aii  '  -:  a 

has  an  appreciable  value.     The  amount   01    :  -cd 

from  the  armature  core  into  the  IcaLa^e  paths  rclerred  to 
may  be  calculated  by  assuming  the  curren'  '  '''  slot 
conductors  to  be  acting  independently  of  the  •■  to- 

motive  force.     Thus,  in  Fig.  u  the  total  skt  iiu\  .s  the 


/■ 


-*-*#a- 


:  4^ 


r 


* 


T 


KiG     13 

sum  of  three  component  fluxes  .  #,  pa>sing  through  the 
space  occupied  by  the  copper,  a  portio:-.  I!  t< 

cut    by  some  of   the  conductors  :  4>.   ^  .tee 

above  the  \        ' 
<ti    which    '■ 


(,sec  Kig.   1 1 1  could   t>e  calculated  by  assuming   that 
useful  flux  is  reduced  by  an  amount  c^ual  to  ■ 
The  portion  ♦.,  however,  in  Fig.  u.  being  c 

the  conductors.  ■  :!ie  calcuLit  ' 

cqiii\jlcnt    slot   :  1.   if   cut   . 

Would  develop  ail  i.kcUomotivc  fuicc  - 

*  Kiocpt  in  Ibc  C4*c  oi  a  owwlriww  tottd  «. ..  . 

whicii  cawe  Uir  taadmcv  wuuld  lie  <l>  ukxsmc  Uk  i'*^ 


the 

lux. 
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loss  of  pressure.  This  flux  may  be  calculated  as  follows  : 
The  amount  of  flux  in  the  sni;ill  strip  i/.v  deep  (Kig.  12)  of 
I  cm.  axial  length,  i.e.  perpendicularly  to  tlic  plane  of  the 
paper,  is  </  (j),  =  M.M.K.  x  1/  V,  where  </ 1'  is  the  permeance 
of  the  air  path — the  reluctance  of  any  iron  in  the  path 
of  the  lines  being  neglected.     Wlience 

</(|),  =(o-4-T,U*'  X  ''■'■ 
III        ^ 

where  T^  is  the  number  of  conductors  per  slot  ;  I^  is  the 
current  per  conductor  in  amperes ;  and  the  dimensions  </, 
and  S  (see  Fig.  12)  are  in  centimetres.  Since,  however, 
this  flux  ^Icment  (see  Fig.  11,  B)  is  cut  by  T^(rf,  —  ,v)/rf, 
conductors,  the  loss  of  pressure  is  due  to  the  fact  that  it 
is  not  cut  by  T^.v/J,  conductors.  The  "equivalent"  flux 
to  cause  the  same  loss  of  pressure  would,  if  it  did  not  link 
with  anv  of  the  conduclors,  therefore  be 


Thus 


t'  *Pi  (c.iuh;ilciil) 
4*1  (ciiuiv:ttcn0 


<f<l),  X 


■I. 


o-4jrT,I.C''' 


_0-47r^,„  - 

-     ,s     1.1. 

The  permeances  of  the  air  paths  of  the  component  fluxes 
(pj  and  ^.  can  be  calculated  fairl)'  accurately.  Let  them 
be  Pj  and  P3  respectively.  Then,  if  !„  is  the  axial  length 
of  the  armature  core  in  centimetres,  the  total  "  equivalent " 
slot  flux  in  the  neutral  zone  is 

<D,  =0-4^  T.I,,/,.  (.|-^  +  P,  4- P3)  .    .     .    .  (3) 

If  ij).,  is  the  flux  per  pole  actually  cut  by  the  conductors,  the 
total  flux  per  pole  in  the  air-gap  under  load  conditions  will 
be  (Iv  =  (J),,  +  2  (pj. 

This  total  flux,  if  actually  cut  b}-  the  armature  con- 
ductors, would  generate  the  electromotive  force  referred 
to  as  the  "apparent"  developed  voltage,  and  represented 
by  O  E/  in  Fig.  5. 

The  flux  2  (J),  maxwells  is  the  portion  of  the  total  air-gap 
flux  which,  under  load  conditions,  is  no  longer  cut  by  the 
armature  conductors.  The  average  value  of  the  voltage 
lost  per  phase  winding  id  therefore 

l!-(averag.,  -   lo^x^O  *■  ^  '  ""  ^^^ 

or,  since  N  />  =  120/ 

E(av.rage)  =  4  *.  /'  (J s  "s  P)   10"" 

Assuming  the  sinusoidal   wave  shape,   it  is   necessary  to 


multiply  by 


J'^ 


to  obtain  the  R.M.S.  value.     Thus 


E.= 


2-/f,T,»./> 
^/2  X  io« 


(4) 


The  slot  flux  in  the  neutral  zone  will  be  a  maximum  on 
zero  power  factor  when  the  current  I.  producing  it  is 
appro.ximately  equal  to  the  maximum  value  of  the  arma- 
ture current,  or  to  J2  I^.  Inserting  this  value  of  I^  in 
formula  (3)  and  substituting  in  formula  (4)  we  get 

E,  =  2  tt/  X  0-4  TT T/  n,p  h  (^'^  +  R  +  P,)  X  io-«  .     (5) 


This  quantity  is  usually  referred  to  as  the  reactance 
voltage  drop  per  phase  due  to  the  slut  inductance  ;  it 
appears  as  the  vector  E,.  E,,'  in  Fig.  5. 

iNiM.unNCK  OK  Fi.ux  DisTui lurriox  ox  Regulatiox. 

So  long  as  a  sinusoidal  air-gap  flux-distribution  can  be 
assumed  both  on  open  circuit  and  under  load  conditions, 
the  previously  described  methods  of  predetermining  regu- 
lation are  satisfactory  :  but  in  the  ca.se  of  new  or  abnormal 
designs  of  machines,  correct  results  can  only  be  obtained 
by  taking  into  account  the  alteration  in  the  amount  of  the 
useful  flux  due  to  cross-magnetization  and  the  changes  in 
the  E.M.F.  wave-shapes  due  to  flux  distortion.  An  attempt 
will  be  made  to  outline  as  briefly  as  possible  a  method  of 
study  which,  although  it  has  been  elaborated  by  the  pre- 
sent author,  is  not  essentially  new  ;  indeed,  it  is  prohahlv 
used  in  a  modified  form  by  some  practical  designers  when 
aiming  at  a  closer  degree  of  accuracy  than  can  be  expected 
from  methods  based  on  the  usual  sine-wave  assumptions. 

The  method  about  to  be  described  is  embodied  in  the 
course  of  Electrical  Design  taken  by  the  Senior  Students  in 
the  School  of  Electrical  Engineering  of  Purdue  University, 
La  Fayette,  U.S.A.  It  is  based  on  the  fact  that  for  salient- 
pole  machines  approximately  correct  flux -distribution 
curves  can  be  drawn  when  the  vi'idth  and  shape  of  the 
pole-shoe  have  been  decided  upon  ;  and  for  high-speed 
generators  with  air-gap  of  constant  length  when  the  dis- 
position and  windings  of  the  slots  in  the  rotor  have  been 
determined.*  The  actual  plotting  of  these  curves  for  dif- 
ferent load  conditions  is  somewhat  tedious.  The  per- 
meance between  pole  face  and  armature  for  various  points 
on  the  armature  periphery,  and  the  resultant  magneto- 
motive force  tending  to  set  up  a  flux  of  induction  at  each 
point  must  both  be  known.  These  are  obtained  bj'  draw- 
ing two  curves  showing  the  M.M.F.  distribution  due  to 
field  ampere-turns  only  and  due  to  armature  currents 
only :  the  sum  of  corresponding  ordinates  of  these  two 
curves  gives  the  required  resultant  magnetomotive  force 
for  any  desired  armature  current  and  power  factor. 

It  is  then  easy  to  derive  the  E.M.F.  waves  together  with 
their  R.M.S.  values,  and  the  problem  of  regulation  may 
be  summed  up  as  follows  :  Giv.en  a  definite  field  excita- 
tion, plot  the  open-circuit  flux  curve  and  obtain  the  I^.M.S. 
value  of  the  resulting  electromotive  force.  Let  this  be 
E„.  Now  draw  the  armature  M.M.F.  curve  for  a  given 
current  and  power  factor;  combine  this  with  the  field 
M.M.F.  curve  used  for  obtaining  E„,  and  from  the  resulting 
M.M.F.  curve  the  electromotive  force  developed  under  load 
conditions  can  be  obtained  by  plotting  the  flux  distribution 
curve.  Let  E„'  be  the  R.M.S.  value  of  this  voltage,  the 
quantity  previously  referred  to  as  the  "  apparent "  de- 
veloped electromotive  force.  Correcting  for  internal 
pressure  losses,  ohmic  and  reactive,  a  value  is  obtained 
for  the  terminal  voltage  E^,  and  the  corresponding  regula- 
tion is  (E„ — E,)/'E,. 

The  actual  working  out  of  this  problem  is  not  quite  so 
simple  as  this  statement  may  suggest,  the  chief  difficulty 
being  that  a  knowledge  of  the  external  power -factor 
angle    is    insufficient    to    determine    the    exact    position 

*  C.  R.  MoOKE.  Air-g.ip  flux  distribution  in  direct  -  current 
machines.  Transnclioii^  0/  the  .-iiiit-rictin  Institute  of  Electrknl  Engineers, 
vol.  31,  p.  509,  1912.  Also  L.  D.  Cl'RTXEU.  Pnnliie  Engineering  Revict<\ 
May  igi4. 
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of  the  armature   U.M  K.  curve   rclaiivcly   lo  the  criilr«       am  bo  plotted.     Tlic  brM,  mtIikIi  ir|Mr>cu(> 

line   ol    the    p<.ilo.  Tlic    |H>viIioii    i>I    tlii>   cuivr    drpciuU    '    coiutilKNi*.   i>   plotted    Itoni    llic    "  ^'  ' 

uptm   lite  iiilrriul  (town  I  jc  I  or   4ii|;lc   and  uImi  u|hiii  llir        >.ui\c     It.    ^Itoumi!     tlic     lluk    • 

pli  .  (  the  ;:ciii    . 

ur.  If-  oil   I 

111.  tlll\     \vtllv.ll. 

di~'.  -  tllv   alwut   llu 


pole  face. 


OlTUVE    or    I'ROCBDl'RE    IX    L»iiiimim.     Ki  <.i  l-tTIOS' 

KKoii  Sruov  of  K.M.K.  W\vi!.ft. 

In  Kir.  i^  let  the  curve  K  rrj'rcNt-nt  I'  <  "t 

nui;nctoniotivr  lorvrc  over  the  uriiuluic  ^  ,,  to 

i«nd  flux  from  pole  to  arinjture  on  open  circuit.  It  thould 
include  the  aiiijvrre-lurn»  per  pole  required  to  ovcfoomc 
the  reluctance  ol  air-^jap  and  teeth  and  those  to  send  the 


k 


total  flux^including  leakage)  through  the  remaining  portions 
of  the  magnetic  circuit.  Let  B  D  l>e  the  niaj;netomotive 
force  due  lo  armature  current  only.  If  the  load  current 
be  Mnusuidal  (an  almost  essential  assumption,  since  its 
exact  shape  cannot  be  predetermined},  B  D  will  al>o  be 
a  sme  curve,  the  maximum  ordinate  C  I)  of  which  will 
be  displaced  beyond  the  centre  line  of  the  pole  by 
an  amount  depending  upon  the  power  factor  of  the 
load  and  the  distortion  of  the  resulting  air-gap  flux- 
distribution.  This  maximum  value  will  occur  where  the 
current  in  the  conductors  is  zero,  and  the  maximum 
armature  CMrrrnt  will  be  carried  by  the  conductor  dis- 
pl .  ^electrical  space » from  the  point  C.    The 

p^  lie  the  position  on  the  armature  surface, 

considered  relatively  to  the  poles,  where  the  current  is  a 
maximum,  the  length  A  B  or  fj,  which  depends  largely  on 
the  power  factor,  being  for  the  present  assumed.  Add  the 
ordinates  of  curves  F  and  D  to  get  the  curve  M  which 
gives  the  resultant  magnetoinutive  force  under  the 
.issumcd  conditions  of  load.  Having  calculated  (by 
incitu-!-  ilivLiiNscd  elsewhere  )  the  permeance  of  the 
1:1.1.1.  t  ^  ^1:  ,.it  for  various  points  on  the  armature 
^.iii.i^c,  lilt  liiix  distribution  curves  A  and   B  of   Fig.    14 

*  A.  SnU.     Air-op  fliu  diitritmtiiui  in  dyiuuni>-clcclrit:  gcacrators. 
ftmnul  c/  Ikt  Fni>£lia  IniMmU,  vat.  171),  p.  it,  191S. 


"apparent"  developed    voiu^    will  be    pfopoiiiouai  tu 


Kio.  14. 

I  these  areas,  the  regulation  can  be  obtained,  as  a  first 
I  approximation,  by  assuming  th.it  the  E.U.F.  waves  are 
sine  curves. 
The  correct  solution  of  the  problem  involve*  the 
I  actual  wave  shapes  of  the  developed  electromotive  forces. 
I    Whatever  may  be  the  number  and  -  •> 

'   on  the  armature  surface,  the   usu-i!    f  > 

\   can  always  be  plotted  111  the  in  . 

I    where  the  full-liiie  curve  iiuy  be  .1  ■ 

i    previously  obtained,  such  as   B  of   Fig.  14,  the  ordinates 
I   of  which  arc  a  measure  of  the  average  flux  density  in  the 
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air  sfiacc  near  the  surface  of  the  armature.  Draw  A  and  H 
properly  spaced  to  represent  the  slots,  eji.  two  in  this 
illustration,  of  one  phase  of  the  armature  winding.  W  the 
instant  when  the  centre  line  C  of  this  phase  winding 
occupies  the  position  shown  in  Fig.  1;   l!  .  -n 

slot  \  are  moving  in  a  field  ol  density  .\  .V 
ductors  in  slot  B  are  moving  in  a  field  ul  dciixitv    B  B'. 
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These  conductors  are  all  in  scries,  and  the  instantaneous 
value  of  tlie  voltage  per  phase  winding  will  be 

B.NttD/Z 


60  X  10*' 


where  B,  =  average  value  of  flux  density,  in  gausses  ; 

AA'  +  BB'  .    ....     . 

=r ■ in  this  instance  ; 

2 

X  =  rcvohitions  per  minute  ; 

D  :=  armatuic  diameter  in  centimetres  ; 

/  =  armature  length  ^axial)  in  centimetres  ; 

Z  =  total  number  of  conductors  in  series  per  phase. 

This  value  of  c  is  plotted  as  CC  to  a  suitable  scale,  and 
the  process  is  repeated  for  other  positions  of  the  armature 
slots,  thus  producing  the  dotted  curve  \,  representing 
the  electromotive  force  that  would  be  developed  in  the 
windings  if  all  the  flux  in  the  air-gap  were  cut  by  the  con- 
ductors in  the  slots.  The  electromotive  force  actually 
developed  will  depend — as  previously  explained— on  the 
amount  and  distribution  of  the  slot  flux  ;  and  the  wave 
shape  of  the  voltage  actually  developed  can  be  prede- 
termined if  desired  ;  but  as  the  correction  can  be  made 
with  sufficient  accuracy  by  means  of  a  final  vector  construc- 
tion, a  knowledge  of  what  has  been  called  the  "  apparent  " 
developed  voltage  is  alone  necessary. 

Having  obtained  a  curve  giving  the  successive  in- 
stantaneous values  of  the  electromotive  force  under  load 
conditions,  it  is  easy  to  derive  its  R.M.S.  value.  The 
most  satisfactory  way  of  obtaining  this  is  to  replot  the 
curve  on  polar  co-ordinate  paper,  and  measure  its  area. 
The  virtual  value  of  the  non-harmonic  electromotive  force 
is  then  given  bv 


=.'  =  v/ 


twice  area  ot  one  lobe 


The  terminal  voltage — which  must  be  known  before  the 
regulation  can  be  calculated — is  most  readily  obtained  by 
using  vector  diagrams  ;  but  this  involves  the  substitution 
of  "equivalent  sine  curves"  for  the  irregular  waves.  The 
maximum  value  of  a  so-called  equivalent  sine  wave  is  ^2 
times  the  R.M.S.  value  of  the  irregular  wave  ;  but  its 
time-phase  relatively  to  any  defined  instantaneous  value 
of  the  irregular  wave  is  not  so  easily  determined.  It 
can  be  obtained  from  the  irregular  curve  when  plotted 
to  polar  co-ordinates  ;  but  a  preferable  method  for  the 
purposes  of  explanation,  although  .nore  tedious,  consists 
in  obtaining  the  average  value  of  the  true  power  and 
making  the   displacement    between    electromotive    force 

and  current   vectors   equal    to    cos-'   ( ^ V 

Vapparent    power/ 

The  current  wave  (assumed  to  be  a  sine  curve)  from 
which  the  M.M.F.  curve  B  D  of  Fig.  13  is  derived  would 
have  its  maximum  value  at  the  point  B,  displaced  /3 
electrical  degrees  be\-ond  the  centre,  A,  of  the  pole.  The 
actual  full-load  E.M.F.  wave,  such  as  V  of  Fig.  15,  can 
also  be  drawn  in  the  correct  position  relatively  to  the 
centre  hne  of  the  pole  ;  and,  by  multiplying  tlie  corre- 
sponding instantaneous  values  of  electromotive  force  and 
current,  the  power  curve  can  be  drawn  and  the  average 
value  of  its  ordinates  calculated.  The  ratio  of  this  quantity 
to  the  volt-amperes  is  equal  to  the  cosine  of  the  angle  \jj' 


in  Fig.  16.  This  vectoi'  diagram  can  be  constructed  as 
follows  : — 

Draw  O  E.,  to  represent  the  assumed  open-circuit  voltage 
corresponding  to  the  given  field  excitation  as  used  in 
deriving  the  M.M.K.  curve,  F,  of  Fig.  13.  Make  the  angle 
E„  O  I,  equal  to  /3  of  Fig.  13.  This  is  the  estimated  lag  of 
current  behind  the  open-circuil  electromotive  force.  Draw 
O  Ej,'  equal  in  length  lo  the  calculated  K.M.S.  value  of  the 
"  apparent"  developed  voltage  under  load  conditions,  and 

(watts       \ 
,,  ,  where  the  watts  referred 

volt-amperes/ 

to  are  calculated  by  multiplying  the  corresponding  instan- 
taneous values  of  E,,'  and  1^.  From  E^.'  drop  a  perpendicular 
on  to  O  If,  and  set  off  E^  h\,  and  E,,  1'  to  represent  the 
reactance  drops  in  slots  and  end  connections  respectively, 
calculated  as  above.     Draw  P  E,  parallel  to  O  1^  to  repre- 


IX(slobs) 
IX  (ends) 


Fig.  16. 

sent    the   resistance   pressure-drop    per   phase,   and    join 

O  Eg.  and  O  E,.     The  regulation   of  the  machine  is  then 

O  F    —  O  F 

"=-^ -,    This  regulation  may  not  correspond  to  the 

exact  values  of  external  power  factor  and  terminal  voltage 
assumed  when  estimating  values  for  the  open-circuit 
voltage  E,,  and  the  angle  /3  ;  but,  by  using  the  vector 
construction  on  the  assumption  of  sine  waves  throughout, 
a  very  close  estimate  of  these  quantities  can  be  made. 
The  important  point  in  connection  with  this  method 
of  analysis  is  that  the  external  power-factor  angle  9 
and  the  terminal  voltage  E/  can  be  calculated  for  any 
value  of  the  armature  current  I^  when  the  phase  displace- 
ment of  the  latter  relatively  to  the  open-circuit  voltage  E,, 
is  assumed. 

The  meaning  of  the  other  quantities  in  Fig.  16  may  be 
summed  up  as  follows  ; — 

The  angle  E„  O  E/,  or  a,  is  the  phase  difference  between 
equivalent  sine  waves  representing  open-circuit  voltage 
and  "apparent"  developed  voltage  under  load  conditions. 
It  is  the  result  of  flux  distortion  due  to  the  armature  cross- 
magnetizing  ampere-turns.  The  vector  O  E,,  gives  the 
R.M.S.  value  of  the  voltage  per  phase  winding  actually 
developed  in  the  armature  inductors  by  the  cutting  of 
the  flux  entering  the  armature  core. 

The  angle  Ej,  O  I^  or  i//  is  the  internal  power-factor  angle. 
The  difference  in  length  between  O  E„  and  O  E/  is  the 
voltage-drop  due  to  armature  demagnetization  and  distor- 
tion. The  point  E„  is  shown  in  Fig.  16  on  P  E/  produced, 
but  it  does  not  necessarily  fall  on  this  straight  line,  and  so 
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ol  \  r  iiili  tlic  4»^um|•lulll^       (•(  driAil  MMt  may  Ik- cLi  .'..> 

„jj  ,  ill   ilic   auIIkjt  »   i>|HiiK>n,   «  lurtljci    advanUj^   u<    U»c 

j'  !..■,-•.-..,■                .'-.     ■    l»e» 

1^1  o<  "<    "■'    '                                                           '^^   "* 

in  the  p:                                   ^  »nd  K.M.K.  wave*.     It  i«  in  hiiiivrll  lo  Hu- u»ciJ  lo! 

iheOM-                                            '      '  rii  the  comiitiont  arc  '   «ic  alway*  lul'l-^ '• '-    > 

uiiiuoal                                                      on  may  Imt  kludied  ,   purpo»c  and  i                    i  Icj*J»  to  furgcMulncM  of  lli«f 

mo«l  couvtmtuUi.  ^mI  i.uiici.Il>  b\  a  iiirlhtKl  »iich  a»  that  im  ining  and  Imm  i.i.  n- 
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GeNERAL. 


A  -  li:i>  bei-ii  in.ide  Ihroujjh- 

i>ul  .  .    .     ii»  ill  the  di.-vclopini.-nt  of 

clcclnc  power  lot  industnul  purposes,  there  is  no  doubt 
that  >till  further  progres>  iJiould  have  been  recorded  in 
view  of  the  fact  that  in  the  two  great  industrial  centres 
ali'i  t    ''      '..  at  lea»t  g5  cotton  and  45  jute  nulls. 

Kx^  leous  industries,  the>e  a>yjrcj;;itc  no 

le»>  ituii  jou.t-Mjo  i.li.|>.,  of  which  ti>'jl  at  the  prcM.-nt  time 
not  even  lo  per  cent  is  driven  by  electricity.  It  must 
tlu  to  all  th;it  un  excellent  field  is  open  to 

iiu:..^  . the  installation  of  up-to-dute  clectric;il 

plant  in  India. 

It  would  appear,  howex'er,  that  with  few  exceptions 
British  manuf.iclurers  of  electrical  machinery  have  in  the 
p.ist  bee;:  >ler  seriously  the  development 

of  an  111 ..  -cntly  not  wishinj;  to  incur  the 

initial  expense  essential  lor  systematically  canvassing  the 
country. 

Those  mnnufacturers  ami  engineers  who  are  engaged  on 
the  conuuercial  side  of  engineering,  or  as  a  matter  of  fact 
in  any  business  pursuit,  must  be  at^-are  that  it  is  practiuilly 
impossible  to  develop  a  remunerative  iiuirkel  for  any 
manufactiue  or  to  work  up  any  business  connection  of 
val:  .    country  without  incurring  a  capital  outlay. 

H..  s  with    regard  to  India    have   only   too  fre- 

'111'  pted  by  ni.uiy  British   firms  by  reason 

ol  j4    their    selling    agency    to   estabhshed 

Kuroj^an  and  lutive  commercial  firms  in  India  on  a 
cuiniuission  hajsis,  and  almost  without  exception  this 
method  has  proved  unsatisfactory.  In  the  majority  of 
case>  the  agency  firms  in  India  have  been  purely  com- 
mercial, with  perhaps  a  socalletl  engineering  sub-tlepurt- 

*  Thi>  par«T.  wiiidi  wu  orieliiallr  aoocr«c<l  for  resting  and  <li»- 
outu<»  jU  ■  mcctiBS  at  the  iDkliluticn,  is  now  publuhcd  in  Ibr 
jfMtrm^tl  in  view  ui  tlic  aulhur  t>ciB£  (lill  id  India. 


num.     The  result  ! 
iii.iLluiiery    quite 

prevalent   in  India   has   l>cen   sent    to   that   co- 
proving    unsatisfactory    has    led    null-ownrrs    ^ 
engineers  to  regard  with  keen  disfavour  electric  plant  for 
mill  or  factory  working. 

A  number  of  British  electrical  manufacturers  have  gone 
a  step  further  and  liave   .■  '  ' 

their   own   technical    rr; 
Indian  agents    in 
arrangement,  howe.  _ 

factory,  as  a  representative  can  only  be  in  oik 
a  time,  with  the  result  that  as  soon  as  any  mill  ^.   ;-. .   - 
has  installed  electric  plant  the  engineer  is  off  cisculicrc 
endeavouring  to  obtain   fresh   contracts ;    whereas  it    is 
absolutely  necessary  for  an  engineer  to  be  on  the  spot  to 
nurse  carefully  any  new  electric  fvjuef 
tile  lirst  lf»  liiiiiillis  nr  two  years,  or  as  .. 
such  a  lime  as  the  nullHjwuer  or  Ins  ci..  ^c  goittcvl 

complete  confidence  in  the  wurking  of  '       , 

Almost   invariably   the   first   question  asked  by   a  pros- 
pective purchaser  is  whether  the  manufacturer  is  prepared 
to   install  and   supervise   for  at  least    a  few   months   the 
running  of  the  plant  it  is  pro|»osed  to  install.      * 
climatic    couditions  of    India  arc    such   thai    a 
concern  "  is  a  pohcy   to  avind,  and  only  ; 
of  the    large   mdustrial   centres   of   India 
pioneeriug  elcctiificalion  schemes  carried  out    : 
the  leading  Britisli  manufacturing  tirms  \kere  - 
by  steam  plant  owing  solely  to  the  lack  of  qualifi' 
sioo  on  the  part  of  the  manufacturer's  engineer  uu.;....  ...^ 

erection  and  protutional  penod. 

The  fii  ..Illy  one  engineer  ul  any  real 

practical  .  ical  null  wuik  in  the  couiiiry 

at    the    time,  and   lie    was    therefore    unat'lc    to 
individual   attention    which   is   really   due    to    .  ..; 

electrical  scheme  of  any  importance  in  India. 
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Time  and  a>;ain  the  author  when  calling  in  tenders  for 
electrification  schemes  has  had  favourable  competitive 
prices  from  British  manufacturers  at  f.o.b.  and  c.i.f.  rates. 
These  unfortunately  are  quite  useless  for  a  country  where 
the  application  of  electricity  for  power  purposes  is,  practi- 
cally speaking,  in  its  infancy.  Almost  without  exception 
mill-owners  will  under  no  circumstances  purchase  electrical 
plant  on  such  terms,  nor  will  tliev  assume  the  responsibility 
for  the  erection  of  their  own  plant  ;  moreover,  one  is  not 
justified  in  either  asking  or  recommending  them  to  do  so. 
Even  in  such  cases  where  commercial  houses  holding  an 
electrical  agency  imdertake  erection,  trouble  ensues  in 
nine  cases  out  of  ten,  with  the  inevitable  result  that  the 
electrical  installation  falls  into  disfavour. 

There  is  no  doubt  whatever  that  the  time  has  now  come  for 
British  electrical  manufacturers  to  realize  that  if  they  wish 


to  the  manufacturers.  Fig.  i  shows  clearly  the  relative 
increase  of  electrical  imports  since  1907,  as  against  the 
decrease  of  steam  plant  importation  over  the  same  period. 

CoNTlNliNTAl.   COMIMCTITION. 

It  must  be  a  matter  of  regret  to  us  that  during  the  last 
few  years  a  very  great  proportion  of  the  electrical  plant 
installed  in  India,  together  with  its  component  parts,  viz. 
hydraulic  and  steam  turbines,  has  been  supplied  from  the 
Continent.  Table  i  embodies  the  chief  data  of  the  five 
most  important  public  electric  supply  undertakings  in 
India,  and  from  these  statistics  it  will  be  observed  that  of 
66,Qoo  kw.  of  plant  installed  in  these  stations  Switzerland 
has  supplied  54,000  kw.,  England  only  7,500  kw.,  and  the 
United    States    5,400    kw.   of    the    prime-movers,   whilst 
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Fig.   I. — Relative  Increase  of  Electric  Imports  and  Decrease  of  Steam  Imports,  1907-1912. 


for  a  fair  percentage  of  the  Indian  electrical  trade  they 
must  be  prepared  to  send  out  to  the  country  their  very 
best  power  men  and  not  merely  one  commercial  engineer. 
They  must  further  be  prepared  to  establish  themselves  on 
their  own  account  in  at  least  the  two  largest  industrial 
centres  of  India,  and  be  prepared  to  undertake  the 
electrification  of  mills  and  factories  from  A  to  Z  and  not 
against  c.i.f.  or  f.o.b.  prices.  This  method  would  ensure 
the  confidence  of  mill-owners  and  their  engineers,  and  such 
British  firms  as  were  established  in  India  in  this  way 
would  be  able  in  a  very  short  time  to  build  up  a  lucrative 
business. 

The  pioneering  work  may  now  be  regarded  as  having 
been  accomplished — in  the  majority  of  cases  at  the  expense, 
it  must  be  admitted,  of  the  purchasers — and  the  field 
therefore  for  electrical  power  for  industrial  purposes  in 
India  to-day  is  one  which  if  handled  to  advantage  by 
engineers  of  experience  should  yield  a  handsome  return 


Germany  has  supplied  no  less  than  32,000  kw.,  the  United 
States  17,000  kw.,  Switzerland  10,000  kw.,  and  England 
only  7,500  kw.  of  the  electrical  generating  plant.  In  the 
author's  opinion  this  is  due  chiefly  to  the  greater  standard- 
ization covering  a  large  range  of  voltages,  in  many  cases 
from  220  to  6,000  volts,  which  allows  foreign  manufacturers 
many  opportunities  of  putting  forward  standard  plant 
where  British  manufacturers  are  obliged  to  quote  higher 
prices  to  cover  special  construction ;  and  in  addition  the 
time  required  for  delivery  of  the  plant  in  the  case  of  the 
British  firms  will  in  the  majority  of  cases  be  considerably 
in  excess  of  that  of  the  Continental  firms.  It  must  also  be 
borne  in  mind  that  Continental  makers  are  fully  alive  to 
the  conditions  under  which  electrical  plant  has  to  work  in 
India,  and  have  spent  both  time  and  money  in  experi- 
ments before  deciding  on  the  standardization  of  plant 
intended  for  export  to  a  tropical  country.  Except  in  some 
isolated  cases,  however,  the  same  cannot  be  said  of  the 
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it  is  to  be  hoped  lh.il  British  firms  will  bring  their  nuiiu-  economiotl  steam  consumption  oi  which  depends  -o  Ur^ly 

factures  Into  line  to  meet  the  requirements  of  the  Indian  on  a  jjood  vacuum,  it  i-  Icijsing  plant 

ntarkel.  of  .i  much  Ur^cr  cap.i. 

■|  ■ 

Climatic  Coxuitions.  j^^ 
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was  preferable  to  interpose  transforming  plant,  reducing 
the  pressure  to  500  volts  for  the  supply  to  the  motors.  A 
large  percentage  of  "  liiirn-outs  "  on  low-pressure  motors 
(2.20-500  volts)  has  been  directly  traceable  to  the  humidity, 
and  it  was  thought  by  a  number  of  engineers  that  the 
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Fig.  ;. — Meteorological  Observations,  Bengal,  1912. 

installation  of  high-pressure  motors  would  be  coupled  with 
the  risk  of  a  still  greater  number  of  breakdowns  due  to  this 
cause.  It  seems,  however,  to  the  author  that  the  insulation 
on  the  average  low-tension  motor  to  prevent  internal  short- 

1,300,000    15,000,000 


1,100,000 


in  many  cases  supervised  the  installation  of  motors  to  run 
at  (),ooo  volts,  and  with  one  exception  excellent  results 
have  been  obtained. 

L.\cK  OK  Home  Cai'ital  vok   Elkctrical   Enterprises. 

Another  factor  which  has  hampered  the  development  of 
electricity  for  industrial  purposes  in  India  during  recent 
years  has  been  the  lack  of  English  capital  for  projected 
industrial  enterprises  for  utilizing  either  water  power  or 
coal  near  the  pit's  mouth  for  the  generation  of  electric 
power  for  transmission  at  a  cheap  rate  for  mill  and  factory 
use. 

In  the  collieries  of  Bengal,  wliieli  raise  no  less  than 
12,000,000  tons  per  annum  (see  Fig.  3),  a  sound  practical 
scheme  was  projected  a  few  years  ago  for  the  centralization 
of  a  power  house  for  supplying  electric  power  to  the 
collieries  in  general,  but  owing  to  the  lack  of  both  capital 
and  co-operation  between  colliery  owners  the  scheme  fell 
through,  with  the  result  that  there  arc  now  scattered  over 
the  coal-fields  a  number  of  small  electric  power  houses 
working  with  both  unfavourable  power  and  diversity 
factors,  so  that  the  economy  it  was  hoped  to  achieve 
by  the  use  of  electric  power  has  to  a  great  extent  not 
been  realized.  The  coal  consumption  at  the  collieries 
(Fig.  3)  indicates  that  at  least  85,000  b.h.p.  is  awaiting 
electrification. 

Another  favourable  project  which  fell  through  owing  to 
lack  of  capital  was  the  Mourbhunj  water-power  scheme, 
which  contemplates  harnessing  the  water  power  available 
at  Mourbhunj    for   providing   a   cheap   source  of  electric 
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circuiting  between  successive  turns  due  to  the  difference  of 
potential  between  them  is  insufficient  to  prevent  the  per- 
colation of  moisture  from  an  e.xternal  source,  whereas  the 
insulation  necessary  on  6,ooo-volt  mains  to  prevent  internal 
short-circuiting  due  to  the  potential  difference  between  suc- 
cessive layers  is  more  than  sufficient  to  prevent  the  perco- 
lation of  moisture  from  an  outside  source.     The  author  has 


supplj'  to  the  mills  and  factories  in  and  about  Calcutta. 
Taking  into  consideration  the  fact  that  the  85  mills  at  work 
in  the  vicinity  of  Calcutta  utihze  altogether  approximately 
100,000  i.h.p.,  the  success  of  this  scheme  would  have  been 
assured,  as  it  is  quite  possible  that  had  capital  been  forth- 
coming substantial  guarantees  would  have  been  obtained 
from  the  mills  and  factories  for  the  supply  of  current  to 
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'■  ol  electric  jxjwcr  (or  indus- 

..  to-day  thi!>  feeling  has  to  a 

\in\  hcia  overcome,  it  is  still  a  matter  ot   con- 

'     V   di&culty  to  convince  owners  and  others  that, 

.tpmrt  from  the  s.>vin};  in  capital  outlay  and  running  ex- 

|<enscs,    iitherent   ad\-ant:igeii  appertain    to    the  electrical 

drive  which  arc  not  possible  ol  achievement  with  steam. 

In  textile  milK  the  steady  and  uniform  speed  rcsulti 
without  doubt  III  a  hrlter  quality  texture,  and  th^-  output 
over  the  vunv  .   is  nuterially  increased  to  an 

extent  di[^ct  ireful  lay-out  of  the  machinery, 

but    unl.  lew  cases,  if   any,   are  nianu- 

(acturet-    ,      ,  „   -u-mtee  these  results.     Although 

tliey  arc  convinced  in  their  o*-n  mind  that  such  is  the  case 
it   is  rarely  that  one  i>  able  to   induce   manutacturei  s  to 
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which  has  frequently  tieen  lost  sight  ol  by  Brr. 
and  experience  has  stiown  that  whilst  in  the  ax^, — 
cases    ^-phase    induction    motors   are    quite    capable    ot 
.ih  this  teinporaiy  '      '    the  capacity  o<  the 

.  -or  lias  iHxrn  quite  11 

PiBiic    Slpi'I  Y    vEksis  Hhivati-lv-liwxkd   G»:\FR*T1«tG 

PoWEK. 

Assuming  lor  tlic  moment  that  it  is  :  :'.e  K!   a 

thoroughly  competent  eniiiiiecf  to  pc  I  owners 

and  others  ol  the  .1  (  the  eU>.liic  Uiive,  one  of 

the  hrst  (toints  to  U  1  is  the  advisability  or  otlier- 

wisc,  viewed  from  llie  manufactureni  point  of  view,  of 
taking  a  supply  of  electrical  energy  from  a  public  cx>nipany 
III  preference  to  generating  current  on  the  prctnisc«.  On 
lhi>  point  a  great  deal  ol  conm>versy  has  lately  taken 
place,  and  as  a  matter  of  fact  this  point  is  being  keenly 
'  at  the  present  moment  in  one  <if  t! 
^clitics  of  India,  so  that  the  vic»>  ol  ^ 
III  Liiarjie  of  EngUsh  supply  companies  would  be  %A 
interest. 

On  the  one  hand  there  is  the  mill-owner  wi>hing  for  a 
suppiv  of  current  at  an  abnormally  cheap  rate,  and  00  the 
oihci  hand  there  is  the  executive  of  the  public  supply  com- 
panv  called  u{H>n  by  the  sharcholdeis  to  pay  a  handsome 
dnideiid  on  the  capital  of  the  comf\uiy.  There  is.  how- 
ever, liltl.  • 
lar  more  . 

a  local  company  :  but  in  (lie  case  01  1 5 
a  io-i3-hour  daily  load  ttiroughout  Ihc  \ 
realixe  tlua  with  equal  facilities  for  an  adequate  supply  ut 
water   for  condensing  purpo-<s  and  equal  tales  K«   ocv»l. 
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they  arc  in  :i  position  to  generate  electric  power  as  cheaply 
as  a  public  supply  company.  Tlic  latter,  however,  arc 
obliged  to  add  to  their  gciurating  costs  a  proportionate 
charge  on  the  capital  sunk  in  their  whole  undertaking  and 
a  similar  charge  to  cover  executive  costs,  as  well  as  a 
reasonable  percentage  of  profit.  Whereas  tlic  manufacturer 
has  only  to  add  to  his  generating  costs  the  standing  charges 
on  the  capital  outlay  necessitated  by  his  plant  alone.  It 
must  be  borne  in  mind  that  the  keen  competition  in  India 
to-day  in  the  jute,  cotton,  flour,  and  coal  industries, 
increases  the  importance  of  a  thorough  grasp  both  by  the 
manufacturer  and  the  station  engineer  of  all  factors,  both 
commercial  and  otherwise,  which  may  reduce  the  mill  or 
factory  cost  of  the  finished  product  to  a  minimum. 
Although  the  mill-owner's  responsibility  will  be  lessened 
by  taking  power  from  a  public  company,  he  cannot 
afford  to  do  so  until  it  is  conclusively  proved,  apart 
from  other  advantages,  that  it  will  be  more  economical 
than  generating  power  on  tlie  premises.  It  is  true  that 
other  factors  such  as  the  saving  in  superficial  area — which 
is  an  important  item  in  the  two  largest  industrial  centres  in 
India — economical  expansion,  reliability,  and  the  extent  to 
which  an  interruption  of  any  one  section  of  the  mill  or 
factory  may  affect  the  returns  and  cheque-book,  ventilation, 
cleanliness,  and  the  safety  of  operators,  are  all  dependent 
to  a  greater  or  less  extent  on  the  nature  of  the  power 
delivered  to  the  productive  machinery,  and  are  essentialh' 
factors  controlled  by  the  characteristics  of  the  drive 
installed.  Unfortunate!}',  however,  these  are  factors  to 
which  the  average  manufacturer  will  give  but  scanty  con- 
sideration compared  with  the  importance  attached  to  the 
figure  at  which  it  is  possible  to  generate  electric  power  on 
the  premises  compared  with  the  price  demanded  for 
similar  power  from  a  public  suppl}'  company. 

It  appears  a  matter  of  difliculty  to  convince  manufac- 
turers of  the  fact  that  the  current  supplied  by  the  company 
represents  effective  power,  whereas  in  generating  power  on 
the  premises  the  difference  of  cost  between  indicated  and 
actual  horse-power — in  which  must  be  included  such  losses 
as  may  be  occasioned  in  the  boiler  and  engine  house  as 
well  as  in  the  main  transmission  drives — has  to  be  borne 
by  the  mill-owner. 

.•\nother  point  often  lost  sight  of  by  the  mill-owner  is  the 
fact  that  in  the  event  of  the  power  supply  being  taken 
from  a  company  he  is  in  a  position  to  concentrate  his 
efforts  and  to  devote  his  entire  attention  to  perfecting  the 
conditions  under  which  he  is  manufacturing,  whereas  by 
generating  current  on  the  premises  he  assumes  responsi- 
bilit)'  for  plant  with  which  he  has  probably  had  little  or  no 
experience. 

Desirability  or  Otherwise  of  a  Heavy  Power   Load 
i-OR  Supply  Comp.\xies  in  India. 

The  conditions  under  which  the  electric  supply  com- 
panies operate  in  India  do  not  form  a  true  analogy  with 
stations  at  home,  in  so  far  as  in  India  during  nine  months 
of  the  year  a  steady  power  load  due  to  fans  is  maintained 
throughout  the  24  hours.  It  is  true  that  the  peak  lighting- 
load  is  superposed  on  the  fan  load,  but  the  resultant 
station  load-factor  (defined  as  the  ratio  between  the  mean 
and  the  maximum  load)  may  average  as  high  as  65  per  cent. 
It  therefore  becomes  a  matter  of  very  serious  consideration 
as  to  whether  a  very  material  advantage  is  to  be  gained  by 


an  Indian  public-supply  company  catering  for  heavy  mill 
loads  wliich  will  ag.iin  be  superposed  on  the  fan  and 
lighting  peak-loads. 

It  must  be  remembered  that  the  revenue  per  unit 
obtained  from  the  two  latter  loads  is  far  in  excess  of  the 
price  which  it  is  possible  to  charge  the  mills  and  factories 
for  a  supply  in  bulk.  Is  it  tliercfore  wortli  while  to  put 
down  additional  plant  for  supplying  current  to  mills  and 
factories  for  which  a  comparatively  small  retiuMi  can  be 
asked  when  such  a  plant  cannot  be  utilized  for  earning  a 
bigger  return  per  unit  by  supplying  energy  for  lighting  and 
fans  ?  It  is  true  that  the  standing  charges,  as  well  as  to  a 
limited  extent  the  running  charges,  per  unit  generated  are 
essentially  inversely  proportional  to  the  size  of  the  plant 
installed  in  the  power  house  and  to  the  ratio  between  the 
maximum  and  average  load  on  the  station.  The  nearer 
this  ratio  approaches  unity  the  greater  is  the  earning 
capacity  of  each  killowalt  of  plant  installed  in  the  station, 
or,  inversely,  the  cost  of  power  for  a  given  profit  decreases 
with  the  increase  of  this  ratio. 

Apart  from  these  factors,  however,  the  question  of  distance 
becomes  vital  in  the  case  of  transmission  of  power  in  bulk 
in  a  densely  populated  district  from  a  station  having  a  load 
factor  of  about  65  per  cent  for  the  supply  of  current  to 
small  consumers  for  fans  and  lights. 

Take,  for  instance,  a  concrete  case  where  an  application 
was  received  for  the  supply  of  electric  power  in  bulk 
averaging  15,000  b.h.p.  to  a  mill,  equally  well  placed  as 
regards  the  supply  of  water  and  coal,  working  11  hours  a 
day  and  situated  approximately  10  miles  distant  from  a 
power  house  generating  current  at  6,000  volts  3-phase 
50  cycles.  Is  it  going  to  pay  the  power  company  to  cater 
for  such  a  load  ?  In  the  first  place  the  expenditure  under 
the  heading  of  cable  alone  would  amount  to  approximately 
;£30,ooo,  as  the  district  is  too  thickly  populated  to  allow  of 
overhead  mains,  and  if  the  supply  company  deemed  it 
necessary  to  lay  down  a  duplicate  cable  to  ensure  reliability 
and  immunity  against  breakdown  this  figure  would  be  at 
once  doubled.  In  addition,  the  power  load  will  be  super- 
posed on  the  fan  and  lighting  load,  and  with  a  station 
having  a  load  factor  of  60  to  65  per  cent  additional  plant 
would  therefore  be  required.  In  the  event  of  the  mill 
doubling  its  plant  and  requiring  twice  as  much  power, 
additional  cable  and  plant  would  again  be  required  to  be 
installed. 

The  earning  capacity  of  such  a  load,  viewed  from  the 
station  point  of  view,  would  be  almost  a  negligible 
quantity,  as  the  rate  obtainable  for  such  power  would  be 
limited  to  an  extent  depending  on  the  figure  for  which 
the  mill,  situated  at  an  equal  advantage  with  the  supply 
company,  could  generate  its  own  power.  It  is  true  that 
such  a  load  would  tend  to  decrease  the  station  running 
charges  per  unit,  but  not  necessarily  the  standing  charges 
when  so  great  a  capital  outlay  is  entailed  in  providing 
for  such  a  load,  and  if  care  is  not  taken  to  limit  the  sale  of 
power  for  such  purposes  the  earning  capacity  per  kilowatt 
installed  in  the  station  may  easily  be  decreased  to  a  greater 
extent  than  it  is  possible  to  reduce  the  standing  charges 
per  unit  generated  by  the  introduction  of  such  loads. 

It  appears,  therefore,  to  the  author  that  a  point  is 
reached  when  it  will  not  pay  a  public  supply  company 
to  take  on  cheap  power  loads  unless  the  rate  charged  for 
such  power  includes  a  proportionate  charge  on  the  total 
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capii^   immeily   ciikiuIchI   fui    the   m>1c    Itcnciii   of   the       (oriii  •  w«lcfU>c«t  «p|HuuiiuU«ly  i,Ma  fL  above  ihe  lr««i 


1  iiiir^l    Willi    »   i*n  aiut    li^liliii^> 

ICHIll    l^ 

and  (dii  lujiU  iii.iv  piovc  tlir  icvrrae  ul  iriiiuiiri jiivc 
ii„l, ..  ii,^  .i.,i,>.    I,. I    Micli  a  (Hiwrr  huui  i»  laildlcd  willi 

a  I  u(  llic  cjpilal  expended  on  general 

di  it    wi'iilil    therefore    scciH    iu-ce»»ary    for    a 

kl.i  >r)>r  to   t<e   levied   in   udtlilioii  to  a  rale  per 

uii  I;    l>ul  nucli  u  nirlhiMl   ol    i;liji);inK  ap|K-ai> 

III,  to    the    mill  tnvtipt     \vlii>    app.tfriillv    <-.tmi"l 

UII 

cli.  „     ,  ;       . 

to  a  bxfxl  rale  for  current  actually  coiiitumed,  and  in  many 
cases  it  u  owint*  to  controversy  on  this  point  that  mill- 
owneri  liavc  in!>talled  their  own  plant.  It  appears,  how- 
evi;     ■  .inu!>l  l>e  eiifurccd  in  order 

to  r  Mipply  coinpuiiieji,  as  it 

111..  '    of  raw  inalcriaU  or 

till  III  J  a  nuinl>cr  of  iiiiUs 

may  t>c  stiul  down  two  or  three  day^  per  week  over  many 
month>  Ol  the  year. 

It  would  be  of  interest  to  learn  how  the  question  of  the 
big  power  consumer  is  dealt  with  by  the  larj»e  supply 
companies  at  work  in  Knglaiul.  It  must  be  reineinlK-red 
thai  in  the  majority  of  cases  it  is  of  little  use  for  the  mill- 
owners  to  >eek  advice  from  the  contractor,  as  he,  as  a  rule, 
is  only  loo  anxious  lo  supply  not  onlv  the  sccond.iry 
motors  but  the  complete  primary  plant,  and  therefore, 
unless  a  project  is  likely  to  fall  tlirough  owing  to  lack  of 
capital,  the  contractor  apparently  cannot  be  relied  u|K>n  to 
point  out  to  the  manufacturer  tliat  a  greater  economy,  and 
in  many  cases  greater  immunity  a-;ainst  breakdown,  can 
be  ensured  by  taking  a  supply  from  a  public  company. 

Public  Supi-ly  Comp.^xies  in*  In'dia. 

I  -t  of  the  public-supply  companies  in  India  i> 

uii  \  the  Tata  Hydro-elcclric  Power  Supply  Com- 

pany, whose  power  station  now  under  construction  at 
Khopoli,  in  the  Bombay  Presidency,  will  when  completed 
be  in  a  position  to  supply  30,000  h.p.  to  the  Bombay 
cotton  mills,  and  at  a  later  date  60,000  h.p.  The  water 
power  for  this  scheme  is  obtained  from  the  Bhor 
mountains,  on  the  summit  of  which,  at  a  height  of 
approximately  i.Xoo  ft.,  large  reservoirs  are  in  course  of 
construction.  The  lakes  arc  formed  by  constructing 
masonry  dams  across  two  valleys,  Loiiavala  valley  and 
Walwlian  valley,  whilst  the  third,  known  as  the  Shirat- 
way  valley,  will  form  a  reserve  for  future  extensions.  The 
area  of  the  Lonavala  lake  is  approximately  1,000  acres, 
and  is  formed  by  a  low  dam  3,i<oo  ft.  in  length  with  a 
water  depth  of  i<i  ft.  ;  the  capacity  is  approximately 
cub.  ft. 
.>lian  lake  is  formed  l>etween  two  spurs  of  hills 
by  «  daiii  4,500  ft  in  length  ;  the  area  is  approximately 
1,540  acres  and  its  capacity  2,800,000  cub.  ft.  The  ilam  is 
of  solid  nusonry  fitted  with  sluices  lo  control  the  water  lo 
the  duct  leading  to  the  forebay. 

The  Shiratway  lake  will  be  constructed  in  a  valley 
Ky .i.cl  the  Walwhan  lake,  with  which  it  will  be  con- 
iiccttil  by  a  tunnel  of  nearly  a  mile  111  length  running 
through  the  dividing  ridges  and  sleep   hilU,  and  it  will 


.^  U«l,  !l»c 


I  he  lorelviy   will   Ik- 
and  tltc   water  will   U 
diameter  running    ■ 
valley  below  lo  Kli>'|"' 
cuurie  of  coiisiruclKMi. 


The   liead    Mill   Ik-  a   little 


iiorm.il  lull  load.     1  lir 

receiving  station  in  Boiu.  a -  -,  ,  . 

long,  and  will  be  operale<t  at  a  pressuie 
The  electrical  equipment  fur  till-  •        ,...:;.   ■-  .-<....^ 

manufactured  on  the  Continent  .1  ^     Itie  puwer 

will  lie  ~<  Boml>ay  '' 

The  t   .  Power    ^  .alwl 

by    the    My>«>re   «iuveriiineiil    i»    tue 

supply    com|>any    in    India   with    a        .  ' 

16,750  h.p.  The  head  in  this  ctsc  is  only  3^7  It-  and 
the  generator  pressure  2,170  volts  3-phase  25  c>'i.io.  Tin: 
bulk  of  the  power  is  used  on  the  KoUr  (x.ld-tickls. 
some  <>2  miles  ditlant  from   the  falls.      T'  -1 

voltage  IS  35,000  and  the  distributuMi  pit  ■' 

circuits  1,0X0  volts.     Street 

filament   lamps  in  series,  u      .  ^ 

been  adopted  in  both  the  principai  l 
the  transmission  hnc  passes.     An  cxi^.-  — 
capacity  lus  now  been  sanctioned  by  the  My>oreG -■ 
meiit,  and  will  be  installed  immediately.     In  this  ca>».  i.?-- 
the  station   and  transmission   plant   has   been  purchased 
from  the  Coiiliiieiit  and  .Vinerica. 

The  C.ilcutta  Klectric  Supply  Corporation  is  next  from 
the  point  of  view  of  siie,  vi/.  15,000  h.p.,  usexl  almost 
exclusively  in  the  largest  presidency  town  ol  India  for 
private  lighting  and  fans.  The  generating  pre>sure  is 
6,000  volts  3-phase  50  cydtS,  and  the  transmission  10 
sub-statioiis  is  carried  out  at  this  pressure,  interconnected 
motor  converters  being  used  to  traiislorin  to  conti:" 
current  at  450  and  » »^  volts  (or  general  domestic  pui , 
A  pressure  of   fi.ooo  volts  !-  •   for  power.       Uus 

company   has    just    now    ii  .  .it    stage   of    its    de- 

vclopniciit  when  it  has  to  decide  10  what  extent  it  is 
advis:ible  to  supply  energy  at  a  cheap  rate  for  power 
purposes  as  against  the  supply,  at  very  much  more 
remunerative  rates,  for  lighting  and  fans. 

The  Bombay  Tramways  and  Klecinc  Supply  Company 
have  a  station  of  12,000  h.p.  cip.i  -^^t  to 

the    iraniwavs  .-ind   for   priv.iie  The 

Stat: 

tinu' 

vicinity  01  the   power  house  and  5-pliase  disinbulioa  tat 

large  consumer^  and  the  outlying  distiicls. 

Another  hvdro-eleclric  station  of  iinportaiK"e  i»  thai 
installed  by  the  (iovernmeiil  of  Kashmir,  where  .»  station 
of  7.000  h.p.  capacity  has  l»een  erected  lo(  supplyint;  [X'«rr 
prill 

T  .  .    Company   has   been   in 

existence  >wiiie   little   liiiie.   but   it   is  not   possible  lo  give 
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any  details  in  connection  with  this  station  as  at  the  moment 
the  whole  system  is  being  reconstructed  with  a  view  to  its 
being  in  a  position  to  meet  the  demands  of  the  Presidency, 
which  demand,  however,  for  some  time  to  come  is  only 
likely  to  consist  of  a  ligliting  and  fan  load. 

Detailed  data  concerning;  the  principal  power  supply 
companies  in  India  has  been  tabulated  in  Table  i. 

Private  Elkctrical  Instai.latioxs  im  India. 

The  largest  of  the  private  generating  stations  in  India  is 
perhaps  the  powerhouse  of  the  Tata  Iron  and  Steel  Works 
at  Sakchi.  Bengal,  where  three  steam  turbo-generators  each 
of  i,250-k.v.a.  capacity  have  been  installed  for  the  supply 
of  energ)-  for  general  power  purposes,  with  the  exception 
of  rolling.  In  this  case  also  the  electric  plant  was 
obtained  chiefly  from  the  Continent. 

A  number  of  railwa}-  workshops  and  mills  have  installed 
minor  installations,  which,  how'ever,  call  for  no  special 
mention.  For  the  information  of  electrical  manufacturers 
a  list  is  given  in  Table  3. 

Electric  Traction. 
There  are  a  number  of  electric  tramways  at  work  in 
India  on  the  ordinary  300-volt  continuous-current  system, 
but  up  to  the  present  no  railway  has  adopted  electric 
traction.  A  number  of  the  Indian  State-owned  railways, 
however,  have  now  under  consideration  important  projects 
for  the  electrification  of  inter-urban  and  main  lines,  and  it 
is  quite  likely  that  many  such  schemes  will  mature  in  the 
near  future. 

The  Indian  Electricity  Act,  1912. 
The  first  Electricity  Act  passed  by  the  Indian  Govern- 
ment came  into  force  in  1903,  but  it  was  soon  apparent 
that  the  Act  was  defective  in  many  of  its  measures,  and  in 
1910  a  new  Bill  was  drawn  up  by  the  Government  of  India 


with    the    assistance  of    eminent  authorities.     This  Act 
became  operative  in  January  191 1. 

It  is  not  proposed  to  deal  at  any  length  here  with  tlie 
Act,  but  it  may  be  mentioned  that  few,  if  any,  irksome 
restrictions  have  been  imposed  on  the  general  use  of 
electrical  power  for  factory,  mill,  or  colliery  work.  The 
interests  of  consumers  taking  a  public  supply  have  been 
well  looked  after,  and  the  stipulations  controlling  the 
installation  of  high-tension  plant  are  such  that  it  is  quite 
possible  for  British  manufacturers  to  comply  with  the 
same  without  materially  altering  their  standard  plant 
designed  for  the  home  market. 

Conclusions. 

In  conclusion  it  may  be  said  that  the  more  important 
manufacturing  centres  of  India  to-da}'  are  fully  alive  to  the 
advantages  appertaining  to  the  installation  of  electric  plant, 
but  if  British  manufacturers  are  desirous  of  obtaining  a 
fair  percentage  of  this  trade  it  is  essential  that  they  should 
send  out  to  the  country  their  best  men  and  should  endeav- 
our to  standardize  a  special  line  of  machinery  suitable  for 
the  unfavourable  climatic  conditions  and  unskilled  treat- 
ment to  which  the  machinery  is  subjected. 

Mill-owners,  agents,  and  laymen  in  general  must  on  their 
part  be  prepared  to  lay  aside  pre-concerted  ideas  on  the 
electric  drive  and  endeavour  to  grasp  simple  technical 
facts,  whilst  engineers  must  on  the  other  hand  be  prepared 
to  broaden  their  outlook  to  embrace  not  only  technical 
points  but  elementary  commercial  factors.  In  this  way  the 
electrical  industry  in  India  will  prosper  to  the  advantage 
of  both  the  mill-owner  and  British  electrical  manu- 
facturers. 

Table  3  has  been  compiled  b}'  Mr.  M.  C.  Rutnagur, 
Editor  of  the  Indian  Textile  Journal. 


Table  3. 
Electrical  Power  Stations  and  Plants  in  India  (Working  and  in  course  of  erection,  June  1913). 


Ahmedabad  Cotton  Mill    Alimedabad 
Akola    and    Mid.    India    Alcola 

Gin.  Factor\' 
Anglo-Indian  Jute  Mill...    Calcutta 
-ApoUo  Cotton  Mill        ...    Bombay 

vVssam  Oil  Mill Assam 

Baroda  State  Plant       ...    Baroda 
Beng:d    Iron    and    Steel    Barakur 

Works 
Bengal  Nagpur  Railway    Calcutta 

Works 
Bengal  and  North-VVest    Lahore 

Railway 
Birkm)Te  Brothers'  Jute    Calcutta 

Factory 
Bikanir  Citv  Flour  Mill    Bikanir 
Bikanir  City  Oil  Mill    ... 

Bik.anir  State  Plant       

Bombav.  B;iroda  &  Cen.    Bombay 

India  RIy.  Works 

Bombay  Cotton  Mill 

Bombay  E.ectric  Tram- 
way &  Power  Co. 
fJombay  Flour  .Mill       ...  „ 

Bombay  Municipal  .Sew-         „ 

age  Works 
Bombay  United  Mills  ... 
Buckingham  Mills        ...    Madras 
Budge  Budge  Mills       ...    Calcutta 

Burma  Railway Rangoon 

Burma  Oil  Co.'s  Depot...  Calcutta 
Bombay  Telephone  Co.  Bombay 
Calcutta  Electric  Supply    Cossipore 

Co. 
Calcutta  Ordnance  Dept.  ,. 

Calcutta  Real    Property    Calcutta 

Co. 
Calcutta  Telegraph  Dept.  „ 

Calcutta  Electric  Supply 

Corporation 


Cauvery  Falls  Works  ... 
Cawnpore  Harness  Fac- 
tory 
Caxton  Printing  Works 
Central  Jute  Press 
Civil  Engineering  College 
Colaba  Land  Cotton  Mill 
Colombo  Tramway  Co.... 
Cossipore  Gun  and  Shell 

Factory 
Crescent  Cotton  Mill    ... 
Crown  Cotton  Mill 
Currimbhoy  Cotton  Mill 
Cordite     Water     Power 

Station 
David  Cotton  Mill 
Dawn  Cotton  Mill 
Delhi  Tramway  Co. 
Dum  Dum  .Ammunition 

Factory 
East  India  Coal  Co. 
East  Indian  Rly.  Works 
E.  Pabaney  Cotton  Mill 
E.  D  Sassoon  Cotton  Mill 
Elphinslone  Cotton  Mill 
Empress  Cotton  Mill     ... 
Fazalbbov  Cotton  Mill... 
Finlay  Cotton  Mill 
Fort  Willian-.  Flour  Mill 
Great  Indian  Peninsular 

Railway  Works 
Godak  Water  Falls 
Gold  Mohur  Cotton  Mills 
Government  Pub.  Works 

Department 
Government  Press 
Government       Printing 

Press 
Government    Secretariat 
Gwalior  State  Plant     ... 


Mysore 
Cawnpore 

Bombay 

Calcutta 

Sibpur 

Bombay 

Ceylon 

Cossipore 

Bomb.ay 


Nilghiris 

Bombay 

Delhi 
Dum  Dum 

Calcutta 

Bombay 


Nagpur 
Bombay 

Calcutta 
Bombay 

Belgaum 
Bombay 
Ootacamund 

Madras 
Yeravda 

Calcutta 
Gwalior 


Gwalior  State  Railway... 

Gwalior 

NoondydrooR  Mines    ... 

Mysore 

H.M.Mint           

Calcutta 

Ocean  Jute  Press 

Calcutta 

Hindooslhan  Cotton  Mill 

,, 

Oudh    and    Rohilkhand 

Oudh 

India  Jute  Mill 

,, 

Railway 

Indian     Bleaching    and 

Bombay 

Patiala  State  Plant 

Patiala 

Print  Works 

Phoenix  Cotton  Mill      ... 

Bombay 

Indore  State  Installation 

Indore 

Pondicherry         Electric 

Pondicherry 

Industrial  School 

Lucknow 

Inst. 

Jacob     Sassoon     Cotton 

Bombay 

Quctta  Residency  Station 

Quetta 

Mill 

QuettaStatt  College     ... 

„ 

Jamadaba  Colliery 

Jamadaba 

Rangoon  Electric  Tram- 

Rangoon 

Jamshed  Cotton  Mill    ... 

Bombay 

way 

Jubilee  Cotton  Mill 

,, 

Ranigunj  Colliery 

Ranigunj 

Kolar   Goldlields    Plant 

Mysore 

Ripon  Cotton  Mil! 

Bombay 

Madhawji       Dharamsey 

Bombay 

Sarah  Bridge  Plant 

Sarah 

Cotton  Mill 

Sun  Jute  Press    

Calcutta 

Madras  Electric  Supply 

Madras 

Swan  Cotton  Mill 

Bombav 

Corporation 

Suraj  Jute  Press 

Calcutta 

Madras  Portland  Cement 

ij 

Sorab  Cotton  Mill 

Bombay 

Works 

Srinagar    Hydro-electric 

Kashmir 

Madras  Telegraph  Dept. 

,, 

Works 

Madras  Corpn.  Plant    ... 

,, 

Shri  Buldeo  Cotton  Mills 

Hathras 

MahmedbhoyCotton  Mill 

Bombay 

Simla      H  vdro  -  electric 

Simla 

Mathematical  Institution 

Calcutta 

Works' 

Monarch  Flour  Mill 

^_ 

Sun  Cotton  Mill 

Bombay 

Madras    Electric    X^am- 

Madras 

South  Indian  Railway  ... 

Nagapatam 

ways,  Ltd. 

Taj  Mahal  Hotel 

Bombay 

Munnar   Hydro  -  electric 

South  India 

Tata  Swadeshi  Mill      ... 

^^ 

Works 

Tata         Hydro  -  electric 

Lonavla 

Mussorie   Hydro-electric 

Mussorie 

Works 

Plant 

Tata     Iron     and     Steel 

Kalimali 

Mepal  State  Hydro-elec- 

Nepal 

Works 

tric  Works 

Thomason    Engineering 

Roorkee 

New  City  Flour  Mill     ... 

Calcutta 

College 

New    City    of    Bombay 

Bombay 

Tibutil  Gold  Mines       ... 

Anantpur 

Cotton  Mill 

The  Times  Press 

Bombay 

New  Kaleewarar  Cotton 

Coimbatore 

Upper  Swat  Canal 

Malakand 

Mill 

Victoria  Jute  Press 

Calcutta 

North -Western   Railway 

Lahore 

Western     India     Cotton 

Bombay 

Works 

Mill 
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DISCUSSION   ON 

"AUTOMATIC    I'KOTKCTIVK    SWITCIKIKAK    KoK    AI.TKKNATINC-CL'RREXT 

SYSIhMS.  •  • 

Si"OTTisii  Lot"Ai.  Suction,  <>  Mamch,  1415. 


Ur.  A.  l*Ai.«  :  Uo>t  supply  rummer ■  '■  :•  -    -  •■■ 

the  coaclukioa   ilut   Ilic  ncIovIim- 
aiMi  dl»lnbu(uri>   Im«  imi    . 
incnuue  in   llir   onlpiit    )t 
UL 

cupprr  UAi  iiol  t>ccii  ){ivrii  proiH-i  altcillioii.  1  Ihliik  llul 
in  Ihc  iiiajunty  ol  caM:>  (hi»  u  iiuiiily  due  lo  (he  i»ct  that 
cugiiircik  lijvc  not  had  at  their  dis|H»jil  reh^ble  protective 
ap|«aratu>  which  they  couUt  buy  irrekpective  of  price. 
C4Mtditioii>  arc.  however,  iinpruvin^.  and  to  anyone  who 
lias  br>  I    nuiNt 

h»vr    I  .  .    quite 

'  Mc  weic  %ati%nrd  (u  I  iin  uui  puiit  with  an  un- 
.  neutral.  In  the  majority  of  casc^  this  enabled  us 
to  iitointain  the  supply  with  faults  on  isolated  feeders  until 
the  foully  section  could  be  fed  from  another  source.  We 
(ouiul,  however,  tliat  there  seems  to  be  a  critical  stage 
with  ai:  When,  for  instance,  our  load  reached 

5<VO0O  apparatus   failed    which    was    perfectly 

sound  \ki(ti  ^aily  ;o,ooo  kilowatts  of  plant,  and  a  new 
view  ot  the  situation  has  hod  to  be  taken.  That  has  been 
forced  upon  us  and  we  have  now  decided  reluctantly  to 
earth  (he  neutral.  We  recently  had  an  experience  which 
is  perhaps  worth  puding  on  record.  A  fauU  developed 
on  a  Iranslonuer  about  four  miles  from  the  power  station 
and  was  proved  to  have  started  as  an  earth.  It  produced 
a  >u  1  the  s^-stem  and  broke  down  the  insulation 

on  l•«<-^   in   three   distinct   neighbourhoods   quite 

ap  I  .1  place  where  the  trouble  i>ccurred. 

It  I  ck  to  the  system  that   alt  tiic   syn- 

ch.'<jnous  plant  in  the  stations  got  out  of  step.  I  need  not 
describe  what  followed,  as  it  is  obvious.  In  order  to 
avoid  that  sort  of  thing  we  hope  that  by  using  to  a  con- 
siderable extent  corc-l>alance  protection  we  sliall  be  able 
to  get  rid  ol  witat  ore  really  nunor  faults  to  earth  without 
aii'i  •    rest  of  llie  supply.     We  ore  fortunately  in 

tht  of   having  3-polc   relays — that   was  done  at 

(hi  t; — and    we    propose   to   connect    the    scries 

iTai.  ^.  which  arc  at  prc^-nt  supplying  the  instru- 

ments, in  such  a  way  as  to  get  core-bal.incing  with  three 
transformers.  We  have  made  laboratory  tests  which  have 
satutactorily  shown  that  m-c  can  use  our  standard  j-pole 
relays — two  poles  for  overlaid  protection  and  the  third 
lo  lake  care  of  faults  to  earth.  The  cliangc  will  thus  be 
m.i  ■  ly   little   (.xpeiisc.     On   page    157,   i 

th>  "Oil  of  p'otective  devices,  the  aul 

t'  rst  and  second  items  in  ttic  mud  : 

f<-  which  operate  when  current  dows 

Ihioufjii  oilier  ttun  the  proper  channels"  seem  to  cover 
the  whole  field.  The  author  savs  on  page  159  (ha(  "  such 
devices  arc  obtainable  adjustable  lo  operate  on  a  leak  of  a 
lew  amperes."  That  may  be  so,  but  the  problem  with 
■   I'lfx^'  t>y  Mr    K   U   WedSKuc  (»cc  pp.  157  wJ  AN). 


which  the   great  nujotitv   '■'    ''      ••:•■■' — ■•    ' 

deal  u  (hat  they  have  \u  .. 

iCh   Mill    l>< 

II  that 

:   very   in 

ii   of   the 
woiking   III   parallel   from    the    1: 
10  the  Inst  sub-stalioii  and  from  t! 
by  ring  iiuins  or  |>crhaps  other  ni 
busbars  foithcr  on.     With  such  a  ^. 
sary  (u  employ  a  neu(ral  resistance  u 
thing  like   500  ainpeie>   ■■  icnl.      II. 

ling  mains    arc    set  ai^  ind  a»  1 

obviously  be  designed  lu  slatiii  i- 
previously  referred  to  ore  not  of 
connection  with  the  Ulasgow  prol 

relays  are  going  to  help  us  cons -.-   . 

means  the  last   word.     Where  a  supply  is  given  to 


sub- 


stations III   scries,  complicated  by  nng   in.  .need- 

core  protection  is  quite  useless  because  1  <jf  an 

earth  on  a  ring  main  beyond  ihc  s 

is  not  --!ec!ive.     The  feeder^  .it  ' 

be  :i--d,  the  very   :  .      lo 

Ihc  -  .  11  of  the  pafHrr  ,   ^  cfris 

to  "  selective  action  with    leakage   protective   .. 
and  on  page  l(x>  he  deals  with  "  the  use  of  t^-  ' 
relays. '     It  is  unlikely  that  on  engineer  in 
protection  problem  would   select  either  01 
inents  simply   because   if  a  fault   siiould  ii  r 

power  station  the  proti 

fault   until    something  1. 

and  probably  by  (hat  tunc  tiic  general;:  uave 

l.iik-d.      I'nder  the  heading   "  The    Ka.  .11 

page  160  I  do  not  quite  follow  the  author  s 
he  states  that  to  keep  down  static  disturbs. .^^ 
once  should   be  an   etlectivc  shunt  to  the  slor  ^ 
the  system.     What 
aiicc  should  be  low 

current  of  the  syst«.ui,  but  1  >>i>^uid  . 
the  further  statement  that  "  there  arc  . 
metallic  arcs  in  air  and  oil  for  as  to  lay  dow 

point."     1  should  like  also  to  have  the  au: _, 

to  how  long  the  neutral  resistance  ought  (»  carry  its  normal 
rating  witlKNit  burmug  out.  On  page  ido  under  l^Akogc 
Protection  fi>r   Sources  of  Supply  '  the   second  sentence 


would   not,  1    think,  be  considered   ni'U'aday> 
when  there  are  other  and  better  systems.     >- 
that  the  adoption  ot  the  s>'stem  rather  en 
:-.  in  the  neutral.     Fig.  10  11  : 
.  feeder>  A  A  is  given  as  too  ^ 
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Mr.  Page. 


Mr. 

Macleod. 


feeder,  wliile  in  feeders  BB  the  currents  are  stated  as 
25  and  75  amperes.  Are  we  to  assume  that  power  is  taken 
off  at  the  first  sub-station  busbars  ?  Should  not  these 
figures  be  50  and  130?  With  the  biased  protective  relay 
is  there  no  trouble  when  the  first  or  faulty  feeder  has 
been  cut  off,  in  that  the  restraining  coil  energized  by  that 
feeder  is  then  not  operative  and  consequently  the  coil 
which  has  been  restrained  previously  by  the  restraining 
coil  will  now  open  the  circuit-breaker  on  the  sound  feeder  ? 
In  this  connection  reference  is  made  to  the  use  of  auxiliary 
switches  on  the  circuit-breakers.  I  do  not  quite  see  what 
these  auxiliary  switches  are  going  to  do.  When  a  circuit- 
breaker  comes  out  it  can  be  made  to  open  an  auxiliary 
switch,  but  the  opening  of  that  switch  is  still  going  to 
leave  the  sound  feeder  unprotected  in  case  a  fault  should 
develop  on  it  whilst  the  faulty  one  is  being  repaired. 
What  I  have  just  said  has  also  a  bearing  on  Fig.  21. 
The  sub-station  end  will  be  cleared  lirst,  but  if  the 
relay  settings  are  not  kept  very  high  the  biased  relay  will 
trip  not  only  the  faulty  feeder  but  also  the  sound  one  at 
the  power  station.  We  have  a  good  proportion  of  Merz-Price 
protective  gear  in  the  West  of  Scotland  and  it  is  satisfactory 
provided  its  limitations  are  thoroughly  understood.  The 
split-conductor  system,  while  we  have  not  had  any  experi- 
ence of  it,  promises  to  prove  verj'  satisfactory  and  we  are 
adopting  it  on  all  new  work.  I  agree  that  it  is  best  to 
split  the  conductor  at  the  switch.  We  have  heard  a  good 
deal  recentlj'  of  the  system  involving  a  copper  sheath  to 
the  cables,  the  relays  being  connected  between  the  sheath 
and  the  lead.  If  the  author  has  had  any  experience  with 
this  svstem  it  would  be  interesting  to  have  his  views. 
Under  the  heading  "The  Ideal  Combination  of  Apparatus" 
on  page  168  the  core-balance  system  is  recommended  by 
the  author  for  the  protection  of  all  open-ended  feeder 
circuits.  The  only  thing  the  core-balanced  system  can  do 
is  to  clear  the  faults  which  are  initially  faults  to  earth,  but 
all  faults  are  not  faults  to  earth.  It  seems  to  me  that  the 
author  should  have  included  something  else  to  take  care 
of  short-circuits  between  phases.  The  other  advantages 
of  the  combination  which  have  been  suggested  are  so 
obvious  that  it  makes  one  wish  that  we  could  start  all  over 
again. 

]^Ir.  D.  M.  Macleod  :  In  1904,  Messrs.  Merz  and  McLellan 
read  a  paper  before  the  Institution  ■•■  and  they  made  a 
remark  that  in  their  opinion  protective  devices  required 
more  attention  than  any  other  part  of  an  electrical  system 
in  order  to  secure  greater  immunity  from  failure  ;  I  think 
that  that  remark  may  be  repeated  with  truth  to-day. 
When  I  read  the  present  paper  I  could  not  but  recall  a 
demonstration  which  I  witnessed  in  London  in  1904  by  Mr. 
Leonard  Andrews,  who  gave  some  very  interesting  experi- 
ments regarding  balanced  selective  protective  apparatus. 
In  fact  Mr.  Andrews'  remarks  on  that  occasion  were  strictly 
relevant  to  this  paper  and  I  think  he  must  be  regarded 
as  one  of  the  early  pioneers  in  connection  with  selective 
devices.  I  think  that  as  a  general  rule  the  number  of  faults 
caused  by  protective  devices  exceeds  the  total  of  those 
arising  from  all  other  causes.  That  statement  of  course 
has  to  be  qualified  by  the  fact  that  there  appears  to  be  a 
limit  to  the  pressure — the  limit  might  be  put  at  5,000  or 
6,000  volts — at  which  one  might  expect  satisfactory  work- 
ing. Above  that  pressure,  however,  there  seems  to  be  a 
*  Journal  I.E.E.,  vol.  33,  p.  696,  1904. 


distinct  efifect  upon  the  protective  transformer  windings, 
with  the  result  that,  in  the  course  of  time,  instead  of  pre- 
venting trouble  these  transformers  really  cause  trouble.  So 
much  is  that  the  case,  that  if  one  were  to  take  into  account 
the  failures  of  supply  arising  from  series  transformers,  one 
could  prepare  a  formidable  indictment  against  protective 
devices  and  make  out  a  good  case  for  their  elimination. 
Of  course  one's  instinct  teaches  one  that  that  would  be  a 
false  step  to  take.  The  proper  coiu-se  would  seem  to  be  to 
concentrate  designers'  attention  on  the  improvement  of 
these  protective  devices,  and  I  have  no  doubt  that  in  the 
course  of  time  we  shall  reach  a  point  when  consulting 
engineers  will  not  only  insist  upon  their  cables  being  tested 
to  double  the  working  pressure  after  24  hours'  immersion 
in  water,  but  will  also  apply  the  same  test  conditions  to 
series  transformers  and  other  protective  devices.  There 
are  one  or  two  other  points  in  the  paper  to  which  I  should 
like  to  call  attention.  With  regard  to  the  use  of  core- 
balance  devices,  it  seems  to  me  that  these  devices  would 
remain  inoperative  in  the  event  of  a  fault  developing  upon 
a  sub-station  busbar,  or  upon  any  apparatus  directly 
connected  with  the  busbars.  I  mean  by  that  any  apparatus 
installed  between  the  oil  circuit-breaker  and  the  busbar 
proper,  because  obviously  a  fault  developing  there  would 
still  remain  upon  the  system  whether  the  oil  circuit-breaker 
operated  or  not.  This  is  one  of  the  limitations  not  only  of 
the  core-balance  system  but  also  of  all  protective  systems 
using  this  principle.  One  must  depend  upon  overload  relays 
at  the  generating  station  to  clear  all  such  faults.  There  is 
a  point  I  wish  to  refer  to  in  connection  with  current  trans- 
formers. Take,  for  instance,  the  series  transformers  for  an 
11,000  volt  3-phase  transformer  unit  having  a  ratio  of  8  to  5. 
The  primary  windings  would  be  of  comparatively  small 
gauge.  One  very  great  danger  in  using  such  small  trans- 
formers is  that  in  the  event  of  any  serious  fault  developing 
upon  the  oil  switch  or  in  the  main  transformers  these 
windings  are  apt  to  burn  out  and  put  a  busbar  fault  upon 
the  system,  with  very  disastrous  results.  In  some  cases  I 
have  used  in  conjunction  with  these  small  transformers  oil 
fuses  and  these  have  given  very  good  results  indeed.  The 
onlv  advantage  of  the  split-conductor  system  is,  in  my 
opinion,  the  absence  of  the  series  transformers,  which  is  a 
clear  gain,  but  against  that  one  has  to  put  the  added 
complications  to  the  switchgear.  For  example,  in  a 
3-phase  oil  switch  one  must  provide  a  switch  with  nine 
porcelains  and  nine  contacts  instead  of  five  as  would  be  the 
case  for  3-core  cables.  In  addition  to  that  there  is  the 
trouble  of  joining  these  cables. 

Mr.  A.  F.  Stevenso.N"  ;  I  should  like  to  ask  the  author  to 
tell  us  what  was  the  constructional  defect  on  the  line 
which  caused  the  one  failure  mentioned  in  his  reply  to  the 
discussion  at  one  of  the  other  Local  Sections.  We  thought 
that  this  apparatus  was  to  deal  with  defects  on  the  lines. 
A  cable  fault  occurred  on  the  low-tension  side  in  a  colliery 
supplied  by  the  Durham  Power  Company's  system, 
resulting  in  extensive  damage  to  the  e.h.t.  line  and  to  the 
plant  in  the  sub-station  some  miles  away.  As  this  is  a 
recent  installation  I  presume  that  the  "  split-conductor " 
protection  was  in  use,  and  it  would  be  interesting  to  hear 
the  reason  for  its  failure  to  save  the  plant.  The  fault  was 
due  to  the  la)'ing  of  bitumen  cables  over  buried  steam  pipes. 

Mr.  F.  A.  Newingtox  :  I  do  not  propose  to  discuss 
the  paper,  but  there  is  one  point  which  neither  the  author 
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a  iif  insuUtioii.  Ihete 

1    liOlUC 

.   I  am 

>urc  thi»  t>a|»er  will  piovc  veiv  \aliublc. 

jjf   |.-   s.  ...-.V      I  am  alraid  that  my  experience  ol  this 
kubjecl  T   lck»  limited  lo  what  the  author  calN 

111.  '     'of   Uiing   time-hmit   overload   and 

,t,  But   I   venture   lo   »ay   that  »uch 

>\>iKUi>  aic  vl.ii.j;  i;>x<l  »ervice  to-day.  There  is  one 
point  ll»«l  I  wi>h  to  mention  in  connection  with  gene- 
rator protection.  i.<.  whiUt  .he  cirv.  ulatiiig-curreiit  syMem 
>hown  in  Fig.  17  i^  an  advance  .is  regard-,  certainty  of 
action  over  oKler  niethod>,  it  docs  not  isolate  tlie  generator 
in  case  of  failure  of  excitation  as  docs  the  reverse-current 
leUy.  Perhaps  some  form  of  relay  energized  by  the 
exciter  could  be  used  to  hold  in  one  of  the  current-trans- 
former connlCllon^.  I'he  author  has  described  some  very 
ingenious  mellu<ls  of  protecting  jurallcl  leeder>,  but  I 
Ahould  hke  lo  a>k  with  reference  to  the  case  ol  Ihe  biased 
jM-oleclive  relay  wlul  hapivrnr.  when  one  of  the  p.irallel 
feeders  has  to  be  ^wllched  out  of  service  ;  it  would  seem 
tlul  Ihe  remaining  feeder  would  be  cut  out  automatically 
as  there  would  be  no  pressure  on  the  restraining  coil. 
With  regard  lo  Fig.  20,  would  it  not  be  belter  to  put  the 
j;cncrator  cui rent-transformer  at  the  other  end  of  Ihe 
wiiKlingN.  Should  the  parallel  windings  break  down 
U.gcthcr  at  one  point  to  earth,  it  seems  lo  me  that  the 
lialancc  may  not  be  ^.ul^icieiilly  disturbed  to  trip  the  relays. 
With  regard  to  the  ^plit  conductor  cable.  1  suppose  the 
Ught  insulation  between  the  concentric  conductors  of  each 
phase  will  have  In  be  good  enough  to  withstand  the  full 
>tar  voltage,  otherwise  there  is  a  chance  of  this  insulation 
breaking  down  when  a  fault  comes  on.  In  Ihe  concluding 
n  \ci  B,  namely,  for  the  protection  of  all  open- 

i r>.  the  author  recommends  the  core-lxilancing 

sy>(cui,  but  I  Ihink  the  majority  of  open-ended  feeders 
sooner  or  later  form  part  of  a  poiallel  or  closed  system,  so 
that  it  would  >eem  better  lo  provide  for  these  conditions 
in  the  first  expense. 

Mr.  E.    B.  Weuvioke  (in   rfply)  :    Mr.    Pages  criticism 

V  cUkkification   of   protective  devices  is  in  effect  a 

iinalion  of  overload  and  reverse-current  relays  in 

aic  defective  unless  they  are  so 

class  3.     Overload  and  reverse- 

.    . :  >  wully  employed  do  not  operate  "  only 

u    .   .     i .,  v>    through    other    than    ihe    proper 

:els,"  but  they  can  he  made  to  do  so  by  the  means 

..\e  describol.   The  low  setting  obtainable  with  >uitablv 


fur  exaaipU,  01  > 


:  e      mi  kU«ii 


IJjJii    tU    lAhil 


-d 

up 

tl    IS 

j><>^a 

A 

la 

I  I. 


M 


that 

on   I 

limited  by  the  earth  ie-.i-.taiuc  i 

«ll»tuib  Ihe  source  of  »uppl>.     »> 

only  a  few  mile*  of   cable,   in   a  di^- 

no    room    for    large   cxIeUM ' 

Ik?  uol   III  this  yriV.  Ihe   let 


on  i  oil  •«  •■»" 

won  ,.  where  li  .1 

in  the  selective  action.     K' 

from  10,000  lo  3,001)  volis  dt 

earthed  and  leakage  .ippuialus  employed. 

on  Ihe  ',.ouo-voll  side  will  appear  on  the  e.h.l     -  --  -    ^'t 

overlo.id    between    two    phases,  and    thus  cannot    disturb 

anv  leakage  apparatus  on  that  side. 

Mr.  Duddell  has  made  us  lamilia.   wilh  the  cooditMUs 
producing  the  humming  arc.      I  " 

an  insulated  system  where  we  ha. 
or  10  an  insulated  body  of  metal  ol  suii 
arc  is  »napi»ed  out  verv  suddenly  ai,      ,  ' 

a  high  frequency.  This  sets  up  surges  with  a  steep  wave 
front,  and  such  surges  seek  »ul  the  weak  spots  ui  the 
system.  The  energv  liberated  is  usually  smaU  and  results 
in  a  perpetual  boiv  .1 

sooner  or  Liter  bn  .  . 

be  verv  large  when  the  conililious  aic  s^ 
ance.     This  phenomenon  is  prevented  u  ' 

the  system  is  ctleclively  shunted  by  a  re  c 

liave  insufficient  daU  on  metallic  arcs  t. 
stitutes  an  effective  shunt.  Clearly  an  earth  coone».-tK>n 
passing  1  amixrre  where  the  capacity  current  is  50  amperes 
would  luve  no  appreciable  eliecl.  bul  I  believe  the  tigures 
suggested  in  mv  paper  are  quite  adequate.  F-uthing 
resistances  used  to  be  rated  lo  carry  their  maximum 
current  continuously  for   15  seconds.     1  '^ 

proved  insufficient  and  we  now  employ  ..  .i. 

the  resistance  being  designed  to  carry  Uie  luaximum 
current  for  two  minutes  without  destruction.  In  practice 
this  rating  gives  ample  lime  lo  enable  the  attendants  lo 
Uke  control  in  case  apparatus  fails,  because  in  much 
less  than  two  minutes  the  energy  hbcralcil  at  the  fault 
will  cause  a  reduction  of  the  current  by  the  destruction  oi 
material. 

In  speaking  of  protection  of  soui^  e 

referred  lo  them  as  connected  by  ,  »- 

Mr.  Page  objects  lo  this  expression,  but  I  ha\^  pre\-K>ttsly 
defined  the  seu-e  in  which  the  expression  is  to  be  inter- 
preted, and  mv  dclinition  covers  machine  cabtex  I  quite 
agree  Hut  there  is  not  much  o(^niug  for  core-baiancc 
protection  for  generators.     Tlicie  is  a  mistake  in  Fig.  10 ; 
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DISCUSSION   ON    "AUTOMATIC   PROTECTIVE   SWITCHGEAR." 


Mr.  there  should  he  50  amperes  in  each  feeder  on  the  left-hand 

Wlien  using  such  devices  as  balanced  relays  on  pairs  of 
feeders,  it  is  necessary  to  protect  the  sound  feeder  in  a  pair 
from  disconnection  when  the  faulty  feeder  is  cut  out.  I 
have  referred  to  the  use  of  auxiliary  switches  for  this 
purpose.  These  are  operated  by  the  oil-switch  mechanism 
and  may  be  used  to  cut  the  relays  out  of  circuit,  or  to  cut 
in  a  fuse  in  shunt  to  the  operating  coil,  thus  converting  the 
relay  on  the  sound  feeder  into  an  inverse  time-limit  relay. 
This  has  been  done  successfully.  The  auxiliary  switch  has 
to  operate  whilst  the  oil-switch  contacts  are  separating. 
When  the  feeder  is  put  back  into  service  after  the  fault  has 
been  repaired,  the  order  of  action  is  reversed,  and  on 
closing  the  oil  switch  the  relay  is  restored  to  service,  just 
after  contact  is  made.  The  auxiliary  switches  introduce  a 
certain  amount  of  complication  in  the  wiring  and  are  not 
generally  situated  conveniently  close  to  the  relays.  The 
time-limit  fuse  also  is  not  very  satisfactory  for  this  service, 
as  it  gives  no  delaying  action  on  a  severe  fault.  An 
alternative  arrangement  is  now  being  used  which  is 
advantageous.  On  one  relay  operating,  it  is  arranged  to 
cut  the  connection  of  the  tripping  circuit  of  the  relays 
controlling  the  other  feeder,  thus  putting  them  instantly  out 
of  action.  The  necessary  connections  are  self-contained 
on  the  relays  and  no  current  is  broken  on  the  relay 
contacts.  The  relay  is  reset  by  hand  just  before  the  faulty 
feeder  is  to  be  restored  to  service.  The  relay  settings  are 
put  a  little  above  normal  load  so  as  to  admit  of  this. 
Where  the  whole  protection  is  obtained  by  the  use  of 
balanced  overload  relays  such  a  setting  is  necessary  in  any 
case,  as  during  the  development  of  a  fault  it  will  be  found 
that,  at  the  end  remote  from  the  source  of  supply,  the 
current  in  the  faulty  feeder  reverses,  and  whilst  doing 
so,  for  a  moment,  it  carries  less  current  than  the  sound 
feeder. 

On  a  large  S3'stem  this  is  undoubtedly  the  best  method  of 
disposing  of  the  difficulties  referred  to.  On  such  a  system 
further  protection  is  required  in  order  to  guard  against  the 
possibihty  of  a  busbar  fault.  This  may  be  done  by  the 
employment  of  overload  relays  with  a  small  fixed  time- 
limit  inserted  in  feeders  at  the  source  of  supply.  These 
will  not  have  time  to  operate  so  long  as  the  proper  protec- 
tive apparatus  removes  the  faults  and  so  long  as  there  is  no 
failure  on  the  busbar  side  of  the  apparatus.  If,  however, 
there  is  an  oil  switch  or  busbar  failure  or  a  failure  of 
protective  apparatus,  these  relays  take  care  of  the  emer- 
gency. This  protection  is  sufficient  to  take  care  of  the 
emergency  condition  which  arises  when  a  faulty  feeder  is 
cut  out  in  the  manner  described,  leaving  one  sound  feeder 
temporarily  connected  to  the  system  without  other  pro- 
tection. On  existing  installations,  time-limit  relays  with 
a  fixed    time   characteristic,   or  a   fixed    minimum    time 


characteristic,   arc,   as   a   rule,   already   in    existence   and  Mr- 
should  be   retained,    when  balanced    overload   relays  are 
added  to  improve  the  conditions. 

I  have  heard  of  no  experience  with  the  proposed  pro- 
tective system  referred  to  liy  Mr.  Page  in  which  the  cables 
are  built  with  special  copper  sheaths.  It  is  obvious  that 
the  device  provides  no  protection  against  faults  between 
phases,  and  it  is  not  yet  clear  liow  faults  in  the  end  bells 
are  to  be  taken  care  of.  I  anticipate  that  interlocked 
relays  suitably  arranged  will  give  better  protection  at  a 
small  fraction  of  the  cost.  Core  balancing  is  available  for 
taking  care  of  faults  to  earth,  but  it  is  of  course  necessary 
to  furnish  means  for  protection  against  faults  between 
phases. 

Mr.  Macleod  has  evidently  had  very  unfortunate  ex- 
perience with  current  transformers,  but  I  cannot  agree 
that  on  systems  operating  above  6,000  volts  one  must 
expect  trouble  with  current  transformers.  One  can  obtain 
current  transformers  for  such  service  in  which  the  insula- 
tion is  in  the  form  of  a  solid  porcelain  tube,  and  is  as  good 
as  that  which  is  used  in  the  oil  switches  and  connections 
generally.  For  high  voltages  it  is  quite  practicable  to 
furnish  Merz-Price,  split-conductor,  and  core -balancing 
apparatus  with  transformers  having  bar  primary  windings, 
and  which  can  be  insulated  with  solid  tubes  of  insulating 
material.  This  apparatus  would  withstand  the  test  con- 
ditions which  Mr.  Macleod  suggests.  There  is  a  great 
danger  in  the  employment  of  current  transformers  with 
multiple-turn  primaries  of  small  cross-section  on  large 
systems.  As  a  general  rule  it  will  be  found  that  the  smallest 
transformer  near  the  main  busbar  should  have  a  normal 
current  capacity  not  less  than  i/2oth  of  the  total  output  of 
the  plant.  It  is  not  clear  to  me,  however,  why  a  failure  of 
such  a  transformer  should  produce  a  busbar  fault.  The 
transformers  should  be  on  the  safe  side  of  the  oil  switches.  1 

In  reply  to  Mr.  Stevenson,  who  refers  to  the  case  in 
which  a  split-conductor  line  was  disconnected  due  to  a 
fault  in  the  construction,  I  would  say  that  the  apparatus 
operated  quite  correctly  to  cut  out  the  faulty  line  but  the 
line  need  not  have  been  cut  out.  I  have  no  access  to  the 
records  of  the  troubles  which  Mr.  Stevenson  refers  to  as 
having  been  met  with  on  the  Durham  Power  Company's 
system,  and  there  is  no  evidence  as  to  what  the  system  of 
protection  was,  or  as  to  the  circumstances  of  the  failure. 
Protective  apparatus  is  not  a  panacea  for  all  the  troubles 
to  which  electrical  apparatus  is  subject. 

Mr.  Seddon  criticizes  the  arrangement  shown  in  Fig.  20. 
One  of  the  objects  of  this  arrangement  is  to  avoid  the 
necessity  for  opening  out  the  neutral  ends  of  the  machine 
windings  for  the  insertion  of  protective  transformers. 
Machines  of  the  class  referred  to  are  so  built  that  it  is 
practicably  impossible  that  an  earth  fault  should  develop 
simultaneously  on  both  windings. 
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IXTKOOl'CTOKV. 

This  paper  deaU  with  the  power  (electricity  and  com- 
pressed air)  supply  given  by  the  Rand  Mines  Power 
Supply  Company,  Ltd.,  to  tho^e  gold-mining  companies  of 
the  Central  Mining- Rand  Mines  group  which  have  con- 
tracted N\  r  company  for  the  whole  of  their 
power  fi  J  treat>  the  subject  fron>  the  con- 
sul: ■.  ol  view.  It  is  not  intended  to  clash  m  any 
wa\  -  one  entitled  "  Power  Supply  on  the  Rand,"  - 
read  by  Mr.  Hadlcy  before  the  Institution  on  the  13th  March, 
KII3.  Mr.  Hadley's  pai>er  dealt  with  the  general  power 
Mippiv  jjivcn  on  the  Rand  by  the  Victoria  Falls  and  Trans- 
vaal Power  Company,  Ltd.,  and  its  associated  company  the 
Rand  Mines  Power  Suppiv  Companv,  Ltd  ,  and  treated 
till  -  !it  of  view. 

■1.  ,.~  :— 

Modderfontein  "  B"  Gold  Mines,  Ltd. 
New  Modderfontein  Gold  Mining  Company,  Ltd. 
Rose  t>eep,  Ltd. 
Ucldenhuis  Deep,  Ltd. 
Noursc  Mines,  Ltd. 
City  Deep.  Ltd. 

The  Village  Main  Reef  Gold  Mining  Company,  Ltd. 
Village  IK-cp.  Ltd. 
Ltd. 
!  Mining  Company,  Ltd. 

:<.'d  Mines,  Ltd. 
Lmrtian  Koodepoort  Deep,  Ltd. 

•'"  cd  to  in  this  paper  as  the  Central 

M  ,.  ,,up. 

'  '.Mnics  arc  under  the  financial  and  engineering 

1.U1.;.  .   L  Central  Mining  and  Investment  Corporation, 

Ltd.  ^formerly  H.  Eckstein  &  Co.),  and  Rand  Mines,  Ltd 

•  y^'urmM  I.E.C-,  vol.  51.  p.  *,  191  j. 

Vol.  53. 


They  crush  at   present  about   S.^oo.tKio  tons   of 
annum  and  produce  al>oul  3(1  per  cent  of  the  i 
output  of  the  Transvaal,  or  about  14*5  per  cent  of  the  total 
gold  output  of  the  world. 

When  it  was  decided,  in   1908,  thai  the  whole  o^  the 
power  requirements  of  the  above  mines  should  be  taken 
from  an  outside  source,  it  was  stipulated  that  a  separate 
supply   company,  to   be   called    the    R  .         "' 
Supply  Company,  Ltd.,  should  be  fornv 

This  pKJwer  company  owns  the   !  c-en- 

iging  power  stations,  and  the  air  ^  !i  at 

Robinson  Centr.-il  Deep  (a  section  01  Crown  Mines,  Ltd.). 
Its  overhead  and  underground  transmission  and  distnbu- 

t    tion  systems  are  separate  from  those  of  the  Victoru  Fall* 
Company,  but  have  been  and  are  at  present  (19141  inter- 
connected.    I'nder  normal  working  conditions,  however, 
when  both  power  companies  ! 
the  two  systems  will  be  kept 

III  limes  of  emergency,  when  citiicr   puwci  cuiupany  cw» 
assist  the  other. 

I  The  entire  working  and  operation  of  the  system  of  the 
Rand  Mines  Power  Company  are  under  the  Icchnicat 
control  of  the  Victoria  Palls  Company. 

Kach  of  the  mining  companies  in  the  Central  Miniiig- 
Rand  Mines  group  has  its  own  separate  coiilraci  wiiii  (lie 
K.iiul  Mines  P     . 
'..ikt  irom  the  1 

I    by  It,  in  the  fmiii  ul    clcciiiciiy  .1 

'    and   R;i",il   Mtiu-    l.t.l..  aitiiii;  as   :        ; 
sidiai  lal  covering  agreement  with 

the  l^...       .  ,  —  ^    ...;iany.    All  questions  relating 

to  the  power  supply  are  dealt  with  by  Rand  Mines,  Ltd, 
and  not  by  the  individual  mines,  an  arraiii; 
greatly    simplilies    the    work,    and    ensures 
policy  in  ..::  >. 

It  was  I  .cs,  Ltd..  thai 

:   the  mines  of  a»  giuup,  wluUi  ate  siiuaietl  along  the  reef 
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from  23  miles  cast  to  12  miles  west  of  Johannesburg, 
s-houkl  bf  supplied  with  onersy  entirely  from  the  system 
of  the  Kand  Mines  Power  Company,  but.  in  order  to  lessen 
the  capital  expenditure  of  the  two  power  companies,  it 
was  afterwards  agreed  that  certain  of  the  mines,  lying  at 
the  extreme  east  and  west,  should  be  supplied  from  the 
electrical  system  of  the  Victoria  Falls  Company,  on  behalf 
of  the  Rand  Mines  Power  Company.  Certain  other  mining 
companies,  customers  of  the  Victoria  Falls  Company,  are 
similarly  supplied  from  the  electrical  system  of  the  Rand 
Mines  Power  Company.  The  obligations  of  the  respective 
power  companies  and  tlic  privileges  of  their  consumers 
under  their  contracts  arc,  however,  unaltered. 

The  whole  of  the  compressed-air  supply  (with  the 
exceptions  noted  later)  is  given  from  the  air  mains  of  the 
Rand  Mines  Power  Company,  and  only  to  the  mines  in 
the  Central  Mining-Rand  Mines  group.  The  Victoria 
Falls  Company  has,  so  far,  no  air-compressing  system. 

An  interim  electrical  supply,  without  any  liability  for 
damages  for  stoppages,  etc.,  had  been  given  to  certain 
■mines,  up  to  about  8,000  k.v.a.,  from  the  stations  of  the 
Victoria  Falls  Company.  The  permanent  supply  under 
the  terms  of  the  contract  began  on  the  ist  March,  191 1. 

The  history  of  the  first  three  years  of  the  supply  under 
"the  contract  teaches  one  outstanding  lesson,  namely,  that 
it  is  only  courting  failure  to  attempt  to  give  a  permanent 
and  reliable  supply  without  a  proper  reserve  of  generating 
and  transforming  plant.  During  191 1  and  1912,  interrup- 
tions were  frequent,  both  in  the  electrical  and  air  supplies, 
and,  as  the  fourth  generator  at  Vereeniging  was  not  put  to 
work  until  October  19 13,  a  considerable  amount  of  load 
(principally  winders)  was  not  changed  over  to  electric 
drive  until  then,  but  was  kept  working  on  steam.  It  was 
not  until  August  1914  that  the  power  company  was  able  to 
supply  the  whole  of  the  compressed-air  load,  and  up  to 
[that  date  a  number  of  the  old  steam  compressors  on  the 
imines  were  still  used. 

It  is  not  for  the  author  to  explain  the  reasons  for  the 
frequent  and  sometimes  lengthy  breakdowns  of  the 
generating  plant.  He  has  little  doubt,  however,  that  some 
of  them  were  caused  by  nothing  else  than  continuous 
overloading,  in  an  attempt  to  give  as  large  a  supply  as 
possible  from  the  existing  plant,  before  the  spare  plant 
was  ready.  A  reserve  of  25  per  cent  is  not  by  any  means 
•too  much,  particularly  with  such  large  generating  units  as 
-are  used  in  the  power  company's  stations,  considering  that 
•the  necessary  periodical  overhauls  must  put  a  certain 
amount  out  of  action  almost  all  ihe  time.  Since  the  full 
amount  (25  per  cent)  of  reserve  plant  has  been  available 
the  supplies  have  been  quite  reliable,  and  any  troubles 
Jiave  been  generally  local  and  of  no  long  duration. 

At  the  end  of  March  1911  the  power  company  was 
•notified  by  Rand  Mines,  Ltd.,  that  its  companies  would 
■require  a  total  of  70,000  k.v.a.  of  electricity  supply,  and 
21,000  lb.  per  minute  of  compressed-air  supply  at  a  gauge 
pressure  of  100  lb.,  these  demands  being  the  aggregate  of 
•the  demands  of  ihe  individual  mines  as  measured  at  the 
points  of  delivery. 

Experience  has  shown  that  the  maximum  individual 
demands  of  the  mines  for  electricity  supply  have  a 
diversity  factor  of  about  1-14,  while  the  power  factor 
averages  about  077,  so  that  the  above  aggregate  demand 
represents  a  maximum  demand  upon  the  electrical  system 


of  about  47,300  kvv.  The  load  factor  of  the  electrical  system 
is  about  75  per  cent,  and  the  annual  consumption  at  the 
rate  of  about  310,000,000  units.  The  above  figures  do  not 
include  the  energy  taken  to  drive  the  compressing  plant 
at  the  Robinson  Central  Deep  station,  but  the  air  output 
from  this  station  is  included  in  the  figures  immediately 
following. 

The  demands  of  the  individual  mines  upon  the  com- 
pressed-air system  vary  considerably,  and  depend  largely 
upon  the  amount  of  development  work  (i.e.  opfcning  of 
new  ground)  in  progress.  Considerable  economies  have 
been  made  in  the  use  of  compressed  air  since  1913,  and 
the  maximum  aggregate  air  demands  now  vary  in  the 
neighbourhood  of  18,000  lb.  per  minute.  The  diversity 
factor  is  also  very  variable  but  averages  about  1-13,  so  that 
the  maximum  demand  upon  the  compressed-air  system  is 
about  15,800  lb.  per  minute,  or  37,900  kw.  The  load  factor 
is  about  34  per  cent,  and,  as  an  air  unit  represents  27-441  lb. 
at  100  lb.  gauge  pressure,  the  annual  consumption  is  about 
103,000,000  air  units. 

The  energy  value  of  tlie  air  unit,  and  the  method  of  its 
determination  were  explained  in  Mr.  Hadley's  paper.  It  is 
entirely  a  commercial  unit,  evolved  to  suit  local  conditions, 
and  represents  0'64i  of  the  energy  in  one  electrical  unit, 
assuming  isothermal  conditions  of  air  compression. 

A  flat  price  is  paid  for  the  electric  and  air  unit,  and  is  sub- 
ject to  special  rebates,  depending  on  the  working  costs  of 
the  power  company  and  the  cost  of  railway  carriage  of  coal. 

Owing  to  the  great  expense  which  would  have  been 
incurred  in  carrying  air  mains  to  the  outlj'ing  mines,  it  was 
agreed  that  Modderfontein  "  B  "  Gold  Mines,  Ltd.,  New 
Modderfontein  Gold  Mining  Company,  Ltd.,  Bantjes  Con- 
solidated Mines,  Ltd.,  and  Durban  Roodepoort  Deep,  Ltd., 
should  obtain  their  compressed-air  supply  from  their  own 
electrically-driven  compressors  erected  on  the  mines.  In 
the  case  of  Durban  Roodepoort  Deep,  Ltd.,  a  reduction  of 
5  per  cent  on  the  price  of  the  electricity  is  made  for  all 
energy  used  in  driving  the  compressors,  but  the  other 
three  mines  mentioned  receive  their  compressed  air  at  the 
same  price  as  though  such  air  were  supplied  through  the 
pipe  lines  of  the  power  company  in  the  ordinary  way.  For 
the  time  being,  however,  the  three  mines  have  furnished 
the  capital  for  the  compressor  plant,  but  the  interest  and 
amortization  charges  and  the  working  expenses  are  paid 
by  the  power  company.  The  latter  is  not  responsible  for 
any  failure  in  the  supply  of  the  compressed  air  through  the 
mine's  own  compressors,  but  only  for  a  failure  of  the 
electricity  supply  driving  such  compressors. 

The  air  units  produced  by  the  compressors  on  the  four 
mines  mentioned  are  not  included  in  the  figure  of  annual 
consumption  given  above,  but  the  electrical  energy  used 
to  operate  such  compressors  is  included  in  the  total 
electrical  units  there  given. 

Mr.  Hadley  says  "■  in  his  paper  that  the  electricity 
"  supply  is  furnished  to  all  mining  consumers  at  2,100  volts 
and  525  volts."  The  present  author  can  only  express  the 
wish  that  this  statement  were  borne  out  in  practice,  and  he 
will  deal  with  the  effects  of  variations  in  pressure,  etc., 
at  a  later  stage  of  this  paper.  Unfortunately  the  contract 
allows  a  variation  of  10  per  cent  up  and  down  from  the 
mean  pressures  of  2,100  volts  and  525  volts,  or  a  total 
range  of  20  per  cent  before  any  damages  become  due  from 
*  journal  I.E.E.,  vol.  51,  p.  4,  1913. 
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pcriodt  per  »ccond,  hul  thr  coulraci  allows  a  variattun 
of  5  per  c«iit  up  and  down  from  IhU.  or  a  loul  ningc  of 
10  per  cetil,  before  any  dainjgci  l>econie  due. 

TttANsruRMiKo  Plakt. 

The  whole  of  the  t-  A  cxlra-!i  n 

control  apparatus  at  ea>  ,'j>ly  on  llu  .- 

perties  IS  proviilcd  by  the  jHJwer  company.  The  trans- 
former and  switch  houses,  however,  are  provided  by  the 
consumer.  The  transformer  bouses  are  brick  or  concrete 
Atructures,  and.  includmg  (he  switch-house  section,  cost 
about  £^450  per  cubicle,  to  accommodate  a  1,000  or  1,250 
k.v.a.  ■5-phasc  ■  cr. 

The  norma!  electric  pressures  at  each  point  of 

.  c  3,100  vulls  and  525  volts,  and  the  consumer  is 
.  to  receive  its  supply  at  these  pressures  in  any 
proportions  which  it  may  require  from  time  to  time. 

The  power  company  has  to  keep  available,  at  each  point 
of  supply,  one  spare  transformer  for  each  pressure  of 
supply,  of  such  capacity  that,  in  the  event  of  the  failure  of 
a  transformer  at  either  pressure  of  supply,  the  remaining 
transformers,  including  the  spare  transformer,  will  be 
%ufHcient  to  deal  with  the  whole  load  without  becoming 
overloaded.  A  transformer  is  considered  as  overloaded 
when  its  temperature  at  any  time  exceeds  80"  C.  and  the 
temperature  is  measured  by  means  of  a  thermometer  with 
its  bulb  submerged  in  the  oil  near  the  top  of  the  trans- 
former. So  far,  no  temperatures  exceeding  60"  C.  have 
been  observed  on  any  transformer  when  working  at  its 
full  rated  output. 

There  are  altogether  2}  transformer  houses  at  the  various 
points  of  supply,  and  the  ratings  of  the  transformers 
installed  (IQ14I  are  as  follows  : — 


Modder  "  B"  

New  Modder 

^P 

lis  Deep 

P     

Reef 

Vi!  

Kc;  .    ...  i  vvp,  Ltd. 

K     llMl-Oll 
*.  t"U  II 

l;.in!  L~  

li..il..ii  KiKilepoort  Deep.. 


\o  at  Traa»- 
lunncf  HoattM 


TnmfonDer  Katliic 
lo  k.v.>. 


Total 


6,000 
11,000* 

10,000 
I0,7^0 

«,5oo 

4.250 
10,500 

5.^50 
5.500 
33.750 
7,000 
5.500 


33  houses         135.750  k.v.a. 


*  About  6,000  k.\  J.  addiuuiul  raliac  it  to  be  added  in  191$. 


lo( inert.  One  complete  fe(  of  meter*  u  inUallcd  (or  each 
pressure  of  Mipply. 

The  iirki  meter  of  each  set  is  the  property  of  and  kepi 
in    repair    by   the    |>ower    cuinpaiiy  ,  ' 

piii|K-ilv   of  and   kept  111  irjMii  tiv  il^r 

j|  lite  (uaul  ckpcuac 

■  ■  .       •  .    ■    ■•' 

1  he   iiuiiit>cr  ol   units  ul  electricity  ; 

sumer  i>  the  iiuml>er  of  units  repre^ci.i 1 1 

the  readings  of  the  three  meters  at  each  pressure  of  supply, 
together  with  an  allowance  for   the  actual  lo%^'       '     "  r 
tran>formers  installed  by  the  power  cuuipanv  at  • 
of  supply,    which    allowance  dues    nu: 
2  per  cent  of  the  number  of  units  as  ; 
readings  of  the  meters. 

If  the  reading  of  each  meter  is  within  3  per  cent  of  the 
mean  of  the  reading  of  the  three  meters,  each  meter  is 
considered  correct  for  the  purposes  of  the  accountv  If, 
however,  the  reading  of  any  meter  at  any  time  »bowt  a 
difference  from  the  mean  of  the  readings  of  the  three 
meters  of  more  than  3  per  cent,  then  the  mean  of  the 
rcading^  of  the  three  is  taken  for  the  •  :  the 

accuracy    coefficient   of   each  of  the  iii.  11  as 

possible,  rc-dctermincd  by  a  test,  and  each  meter  having  a 
coefficient  which  shows  an  error  of  more  than  3  per  cent  is 
re-adjusted.  The  accounts  in  respect  of  the  period  only 
during  which  the  meters  were  found  to  be  in  error  are 
corrected. 

If  at  any  time  two  meters  only  l>e  in  service  1 
the  third  being  under  test  or  repair,  the  mean  i.t 
ing5  of  the   two    remaining    meters   is  accepted   l>>    Im^iU 
parties,  provided  that  such  mean  is  within  3  per  cent  of  the 
readings  of  both  meters.     If  the  mean  of  the  i 

not  within  3  per  cent,  the  same  procedure  is  ad<--, 

regard  to  the  re-determination  of  the  accuracy  coefficients, 
and  the  re-adjustment  of  the  meters  and  the  correction  of 
the  accounts  a>  set  forth  above. 

The  power  company's  electric  meter  and  the  joint 
electric  meter  at  present  installed  are  twth  of  the  .\.E.G. 
make,  while  the  consumer's  electnc  meter  is  of  the  General 
Electric  Company's  ^^I'.S.A.)  make. 

The  number  of  units  of  compressed  air  >upplied  to  the 
consumer  is  ascertained  by  an  air  meter  or  meters  of  a  type 
to  be  approved  by  the  consumer,  provided  by  and  main- 
tained at  the  expense  of  the  jwwer  company  and  ..  "  ' 
in  the  airpipe  line  at  the  point  of  deliverv.      The 

:c  of  the  air  -  J  by  ihc 

j  .'s  meter  or  iik  1 

The  consumer  may,  at  any  tune,  oi^o  provide  .. 
tain  at  its  own  exinrnse  an  air  meter  or  meters  ai  : 
of  delivery.    The  consumer's  meters  are  installed  on  the 
dehvery  side  of,  and  closely  adjacent  to,  the  power  com- 
pany's meters.    The  pre»»uie  and  temperature  of  the  air 
Mipplied  arc  1:.  '    '        '  ■'  the 

jv'iiu  at  the  ou: 
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The  number  of  units  of  compressed  air  paid  for  by  the 
coiisiuncr  is  the  number  of  units  represented  by  the  mean 
of  the  readings  of  the  power  company's  meter  and  the 
consumer's  meters.  If  the  readings  of  the  consumer's  air 
meters  and  the  po>ver  company's  air  meters  are  each 
within  3  per  cent  of  the  mean  of  the  readings  of  all  the 
meters,  each  meter  is  considered  correct.  If,  however,  the 
reading  of  any  air  meter  at  any  time  shows  a  difference  from 
the  mean  of  the  readings  of  all  the  meters  of  more  than 
3  per  cent,  such  meter  is,  as  soon  as  possible,  tested  aud 
re-adjusted. 

After  any  air  meter  has  been  re-adjusted  and  is  re- 
installed at  the  point  of  delivery,  the  remaining  meters  are 
re-adjusted  so  as  to  conform  with  the  readings  of  the  said 
meter.  The  accounts  in  respect  of  the  period  only  during 
which  the  air  meters  were  found  to  be  in  error  are 
corrected. 

During  the  time  an  air  meter  is  out  of  commission  while 
being  tested  or  repaired,  the  other  meters  remain  in  service, 
and  the  mean  of  the  readings  of  such  remaining  meters 
are  accepted  by  both  parties  provided  that  such  mean  is 
within  3  per  cent  of  the  readings  of  each  remaining  meter. 
If  the  mean  of  the  readings  is  not  within  3  per  cent,  the 
same  procedure  is  adopted  with  regard  to  the  testing  and 
re-adjusting  of  the  remaining  meters  and  the  correction  of 
the  accounts  as  set  forth  above. 

If  one  air  meter  only  is  installed  by  the  power  company, 
iis  readings  are  taken  as  correct,  subject  to  such  correc- 
tions as  may  be  agreed  upon  between  the  parties  as  the 
results  of  tests  conducted  under  the  joint  supervision  of 
both  parties. 

If  any  air  meter  which  is  in  use,  whether  the  property  of 
the  power  company  or  the  consumer,  be  found  at  any  time 
to  be  permanently  unreliable  or  of  insufficient  capacity,  it 
is  replaced  by  and  at  the  e.\pense  of  the  owner  by  a  meter 
of  a  type  approved  by  both  parties.  The  consumer  has, 
however,  in  such  circumstances  the  option  of  removing  its 
air  meter  entirely  if  it  so  desire. 

In  addition  to  the  tests  referred  to  above,  routine  tests  on 
all  electric  and  air  meters  are  made  periodically  by  the 
technical  staffs  of  both  parties  acting  jointly. 

The  term  "  reading  of  electric  and/or  air  meter "  is 
defined  in  the  contract  as  meaning  the  dial  indication  of  the 
meter  multiplied  by  the  constant  of  the  meter  and  also 
multiplied  by  the  accuracy  coefficient  of  the  meter  as 
determined  by  the  accuracy  tests  last  made  and  agreed  to 
by  the  technical  staffs  of  both  parties  jointly  in  respect  of 
such  meter. 

-  The  air  meter  used  by  the  power  company  is  of  the 
Venturi  type,  while  that  used  by  the  consumer  is  of  the 
swinging-gate  type.  The  former  was  described  in  Mr. 
Hadiey's  paper.''' 

The  gate  type  of  air  meter  consists  essentially  of  a 
weighted  door  or  "gate,"  swinging  from  the  top  on  hori- 
zontal pivots  within  a  section  of  the  main  air  pipe.  The 
motion  of  the  gate,  the  angular  position  of  which  is  a 
measure  of  the  flow  of  air,  is  transmitted  through  bevel 
gearing  to  a  vertical  spindle  which  is  connected  to  the 
external  counter  mechanism.  This  is  similar  to  that  used 
for  the  Venturi  meter,  and  is  described  in  Mr.  Hadiey's 
paper.     It  contains  automatic  temperature  and  pressure 
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correcting  cams,  and  the  indications  of  the  dials  are  given 
direct  in  air  units. 

The  "  g.ite  "  meter  has  a  much  wider  range  llian  tiie 
Venturi  meter,  and  will  read  with  accuracy  down  to  2  per 
cent  of  the  full  flow.  The  Venturi  meter  is  not  accurate 
below  10  per  cent  of  the  full  flow.  Both  the  Venturi  and 
the  gate  meters  were  designed  by  Mr.  J.  L.  Hodgson, 
of  Messrs.  Geo.  Kent,  Ltd.,  and  were  first  made  for  the 
Rand  Mines  Power  Company,  Ltd.,  and  Rand  Mines,  Ltd. 

All  electric  and  air  meters  are  open  for  the  inspection  of 
each  of  the  parties,  or  their  authoriz.ed  agents,  and  all 
questions  regarding  types  of  meters  to  be  used  are  settled 
between  the  representatives  of  Rand  Mines,  Ltd.,  and  of 
the  power  company. 

Electric  meters  are  tested  in  situ  where  necessary  by 
means  of  portable  secondary  standard  meters,  the  property 
of  the  power  company,  which  have  previously  been 
tested  against  the  primary  standard  instruments  of  the 
power  company  in  its  laboratory.  In  any  instance 
where  it  is  agreed  between  the  parties  that  a  test  in  situ 
will  not  be  satisfactory,  the  meters  are  tested  in  the 
laboratory  of  the  power  company. 

All  testing  of  electric  meters  and  all  testing  of  portable 
secondary  standard  meters  against  the  primary  standard 
instruments  are  carried  out  in  the  presence  and  to  the 
approval  of  a  representative  of  Rand  Mines,  Ltd.,  and  a 
representative  of  the  power  company,  and  the  fees  charged 
by  the  power  company  for  the  use  of  its  primary  or 
secondary  standard  instruments  and  other  apparatus  are 
agreed  between  Rand  Mines,  Ltd.,  and  the  power 
company. 

Air  meters  are,  where  possible,  tested  in  situ  by  means  of 
portable  secondary  standard  instruments,  the  property  of 
Rand  Mines,  Ltd.,  which  have  been  approved  by  both 
parties  and  previously  tested  against  the  primary  standard 
instruments  erected  at  Ferreira  Deep,  Ltd. 

The  large  displacement  air  meter,  belonging  to  Rand 
Mines,  Ltd.,  which  is  used  in  the  air-testing  station  at 
Ferreira  Deep,  Ltd.,  is  described  in  Mr.  Hadiey's  paper. 
It  is  in  constant  use,  and  has  proved  itself  to  be  a  most 
reliable,  accurate,  and  effective  apparatus. 

In  any  instance  where  it  is  agreed  between  the  parties 
that  a  test  in  silu  will  not  be  satisfactory,  the  meters  are 
tested  by  comparison  with  the  primary  standard  instruments 
at  Ferreira  Deep,  Ltd. 

All  testing  of  air  meters  with  the  secondary  or  primary 
standards  is  carried  out  in  the  presence,  and  to  the  approval 
of  a  representative  of  Rand  Mines,  Ltd.,  and  a  represen- 
tative of  the  power  company ;  and  the  fees  charged  by 
Rand  Mines,  Ltd.,  for  the  use  of  the  standard  instruments 
at  Ferreira  Deep,  Ltd.,  are  agreed  between  Rand  Mines, 
Ltd.,  and  the  power  company. 

If  at  any  time  during  the  continuance  of  the  contract 
either  party  wishes  to  change  the  procedure  for  testing 
electric  and/or  air  meters,  it  has  to  make  representations 
to  the  other  party,  and  should  there  be  any  difference  of 
opinion,  or  disagreement,  as  to  the  types  of  meters  to  be 
used,  or  as  to  the  results  of  the  testing  of  any  meters,  or  as 
to  the  procedure  to  be  adopted  in  testing  meters,  or  as  to 
the  fees  to  be  paid,  the  matter  has  forthwith  to  be  referred 
to  a  local  engineer  to  be  mutually  agreed  upon,  or,  failing 
agreement,  to  the  arbitration  of  three  local  engineers,  one 
appointed  by  each  party  and  an  umpire  named  by  the  two 
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\Vinder«     ... 

57.340  h.p. 

I'umps 

30.330    .. 

V VI'll. 

...     I3.«90    .. 



...     11,700    „ 

1  ;ll»c    .Mills                 

...     10,170    ,. 

Hauliii(>  4Dd  Conveying 

...       5.»90     .. 

Crushers    ... 

...      S.350     .. 

Workshops 

3,110    ,. 
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Miscellaneous       
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Total          

...  142,300  h.p. 

The  mot 
group  in  t 


utcd  over  the  various  mines  of  the 
inner  : — 
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City  Deep  ... 

Village  Deep 

Exchange  Yard  (Workshops) 

Village  Main  Reef 

Ferrcira  Deep      

Robinson  ... 
Crown 

Koodcpoort  Deep 
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460  .. 
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ELECTKIC    WiM.tKS. 

The  moit  important  service  is  th;tt  of  winding,  as  not 

only  i>  the  output  ol  the  mines  entirely  dependent  upon  it, 

111!    iIm)  the  safety  of  thousands  of  men  ^both  white  and 

cdl  who  descend  and  a<«cnd  the  shafts  daily.    There 

.....  ..i  the  present  time  38  shafts  in  use  011  tin 

group,  many  of   which  hjve  underground  w 
lower  depths,  in  addition  to  surface  winders. 


The  incline  shall  is  at  an  angle  ul  atjout  35-  to  the  Uon- 
xonlal,  and  will  probably  be  served  by  two  winders  on 
different  levels,  in  addition  to  the  surface  winder  which 
deals  with  the  vertical  only. 

No.  3  Stiafl,  Village  Deep,  Ltd..  which  is  2.120  fL  deep 

tal 
jce 


in  the  vertical,  and  3,107  ft.  I< 
of  5  3t>7   feet,  is  worked  as  a 


.\  i  Sliaft,  City  lieep.  Ltd.,  is  ;  ^.!*<  fl.  deep  in  the 
vertical,  and  an  incline  of  over  (>/>  ■  .  ~  now  being 

sunk  at  an  angle  of  about  40°  to  the  ..  . ..   This  shaft 

has  separate  winders  for  the  vertical  and  incline  portions. 

When  the  general  cle^'  '  '  .me  was  decided 

u(X>n.  It  was  rrsolveti   iur  :  >.  10  use  as  manv 

o!  •  ''le 

c>  .^m 

shatts,  cither  ilirectiv 

At  the  end  of   1914  :  .  :s  in  use 

or  on  order,  as  enumerated  in  the  table  on  page  614.  The 
figures  do  not  include  small  winches,  etc. 

Out  of  the  total  number  of  winding  motor*  now  in  usc 
54  of  tl  of  the  W.i    '  '.  ■  ;^pe 

were  ■  ;  of  the  at.-  .:»d 

at   the  cnJ  e- 

decessor  in  > .  jjc 

numbers   for   winuing   was   tnal   cm    saving   :  -.al 

outlay,  as  is  indicated  in  a  paper  by  Mr.  H.  J.  --■    .;,• 

in  which  the  theory  of  the  control  of  such  motors  u 
investigated. 

On  page  030  of  his  paper  Mr.  Heather  says  : — 


•1  al  ..... 

ing  M. 

d' 

nil 

outputs  I^OIl 

1,500  h.p.      1 -    .„  ,-. 

several  are  already  running.     They 
-  :;h  re>-erse  currents  to  brake  and 


are  aU   : 

pull   up 


■'& 

iC 

of 

to 

>d 
cd 

i.llg 


*    H     J.    &    liElTHH       Ttlc 
iXX.  vuL  47,  p.  ttat,  i<tt  ■ 


ju.Bg   kM    u.ri.l.L^  celiac*      ^.•^rmsi 


614 


RIDER:  THE   POWER   SUPPLY   OF 


loads,  and  so  far  with  entirely  s;itisfaclory  results.  I  have 
never  worked  out  the  actual  saving  in  capital  outlay  that 
has  been  secured  by  using  induction  motors  instead  of  the 
Ward  Leonard  arrangement,  but  I  do  not  think  it  can  be 
under  ;£'50,ooo."  Again,  on  page  646,  Mr.  Heather  says  : 
"  The  induction  motor  is  the  cheaper  system.  This  was  of 
considerable  importance  in  the  case  I  had  to  undertake, 
where  capital  expenditure  had  to  be  kept  down." 

Such  a  saving  as  is  indicated  above  is  certainly  worth 
having  if  there  are  no  serious  practical  disadvantages  from 
the  operating  point  of  view,  and,  generally  speaking,  it 
must  be  admitted  that  the  3-phase  winding  motors  on  the 
Rand  are  working  quite  satisfactorily.  Whether  their  use 
is  justified,  however,  under  all  conditions,  and  whether 
Ward  Leonard  sets  would  not  have  proved  more  economi- 
cal in  working  in  many  cases,  are  debatable  points. 


ever,  the  Ward  Leonard   winder   is   much   the   easier   to 
control,  and  for  the  following  reasons  : — 

(<i)  The  manual  energy  required  to  operate  the  control 
lever  is  much  less.  In  the  Ward  Leonard  system 
there  is  only  a  cylindrical  or  face-plate  resistance 
switch  to  rotate,  whicli  has  no  appreciable  weight 
or  inertia  to  overcome. 

In  tlie  ordinary  3-phase  control  there  is  the 
heavy  weight  of  the  weir  to  move  up  and  down, 
and,  although  it  may  be  balanced  by  external  or 
internal  weights,  all  the  masses  have  to  be  put 
into  motion  and  stopped  by  the  driver  every 
time.  This  is  not  only  very  tiring,  but  militates- 
against  accurate  or  fine  adjustments  of  the 
position  of  the  weir. 


Surface 

Underground 

Type 

Xew 

Converted 

•     New 

Converted 

Totals 

Direct- 
coupled 

Geared 

Direct- 
coupled 

Geared 

Direct- 
coupled 

Geared 

Direct- 
coupled 

Geared 

Ward 
Leonard 

3-phase 

7 
2 

4 

10 

31 



I 

8 

I 

5  ' 

9 

60 

Totals 

9 

4 

10 

31 

— 

9 

I 

5 

69 

13 

41 

9 

6 

A  3-phase  winding  motor  fer  se  is  a  much  simpler 
machine  than  a  continuous-current  winding  motor,  with  its 
necessary  adjunct  on  a  3-phase  system  of  supply,  the 
motor-generator,  but  its  control  is  not  nearly  so  simple. 

The  control  apparatus,  as  usually  supplied,  will  be 
familiar  to  most  engineers,  so  it  need  not  be  described  in 
great  detail.     It  consists  essentially  of  : — 

(a)  Stator  reversing  switches,  operated  by  the  first 
motion  in  either  direction  of  the  driver's  control 
lever. 

(6)  A  variable  rotor  resistance,  controlled  by  the  further 
motion  in  either  direction  of  the  lever. 

The  rotor  resistance  usually  comprises  a  tank  in  which 
are  suspended  metallic  electrodes  connected  to  the  three 
slip-rings.  One  side  of  the  tank  is  closed  by  a  moving 
weir  or  shutter,  so  that  the  level  of  the  electrolyte,  which  is 
circulated  by  a  small  centrifugal  pump,  can  be  raised  or 
lowered  at  will,  thus  varying  the  resistance  across  the  slip- 
rings  accordingly.  The  rate  of  rising  of  the  electrolyte, 
and  therefore  the  acceleration  of  the  winder,  are  inde- 
pendent of  the  driver,  being  determined  only  by  the  rate 
of  delivery  of  the  pump,  which  is  adjustable.  This  is 
apparentlv,  and  actually,  much  simpler  than  the  com- 
plicated resistances,  switches,  and  connections  required  by 
the  Ward  Leonard  system.     In  practical  operation,  how- 


{h)  In  the  Ward  Leonard  system  the  winding  motor 
can  be  converted  into  a  generator  for  braking,  by 
bringing  the  control  lever  back  just  sufiicient  to- 
lower  the  voltage  of  the  generator  (of  the  motor- 
generator  set)  below  the  back  electromotive  force 
of  the  motor. 

In  the  3-phase  system  tlic  control  lever  has  to- 
be  brought  back  beyond  the  neutral  point,  before 
braking  (by  reverse  current)  is  obtained.  That  i& 
(i)  the  weir  and  electrolyte  have  to  be  lowered, 
(2)  the  stator  switches  opened,  (3)  the  stator 
switches  closed  again  for  the  reverse  direction, 
and  (4)  the  weir  and  electrolyte  raised. 

(c)  It  is  much  easier  to  move  the  skip  or  cage  of  a 
Ward  Leonard  winder  for  a  few  inches  (as  is 
frequently  necessary  when  coming  to  the  landing 
place  or  tip)  than  to  do  the  same  with  a  3-phase 
winder,  for  the  reasons  given  in  (a),  and  (6)1  above. 

The  above  features  are  obvious  to  anyone  who  has  ever 
handled  both  types  of  winders,  and  appeal  strongly  to  the 
drivers. 

Attempts  have  been  made  to  relieve  the  driver  of  the 
manual  labour  required  to  operate  the  control  lever  of  a 
3-phase  winder,  by  using  electricity  or  compressed  air  for 
opening  and  closing  the  stator  switches^  and  compressed 
air  for  raising  and  lowering  the  weir.     So  far  as  the  statc«" 
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generator   UiKliily   i>^  ->    »pccU.    Tlii>    i>  a 

niatenol  %avin)>.  aa  ck.....i '-'"k  ^'*II>  *  j-pl>a»c  winder 

call  (MMCtically  only  be  obtained  by  umii|>  cither  reverse 
current  oi  j  '  '    us  an  c<ldy 

currt-iu  bra.  1  (or  cnciny 

<i. 

i  .  Hrrrnt  braVc,  o<  which  several  made  by  the 

HiitiiU    W  (  C'oiii|vaiiy  arc   in   use  on    ^-phuM; 

winders    at  -  1.!.!      oiid    Village    Uccp,    Ltd., 

coniusts  ol  .1  'Ct   sysleui,  exactly  similar 

to  that  ol  a  li>»  -,i^..  ...>v....... 1 .  lixcd  on  the  winder  drum 

shaft,  and  revolving  within  a  hollow  cast-iron  stator  ring, 
with  a  saioi''  '  .:  (ace  opposite  to  the  field  polc-taccs. 

Kddv  currci.  ;ip  in  the  lace  ol  the  ring  when  the 

ni.i  :cd,  which  exert  a  very 

an-  .    force   without  jerk   oi 

kind.  Water  is  circulated  through  the  hollow  oi  the 
stalor  ring  to  carry  off  the  heat  which  is  generated.  'Kig.  i 
Uiows  the  eddy-curretit  brake  on  a  winder  at  Village 
Deep,  Ltd. 

The  enc^g^'  for  the  magnet  system  is  obtained  froii. 
ni  '.   hxed  it  was  intciulcd  (h.it 

Ol.  ;  ve   the   brakes  on   »i-vrral 

WIIKill>,    allil,    (u    tills  iliil,    Itii 

)>Uicd  III   till    :n.im  circuit  of    i 

ri:c   fiii.ll  1-  :   the  held  Circuit  at  each    operation 

pjovcd    vci\    _,;ivc  to  the  switch   contacts,  besides 

setting  up  insulation  strains,  and  the  arrangement  lias 
recently  been  altered  by  employing  a  separate  motor- 
gciii'iaior  for  each  brake,  with  a  rheostat  in  the  field  of 
t!  I  >   that  the  main  circuit  is  never  broken. 

I  :  verv  ctTrclive. 

d  to  lower  a  net 
uii        .  _        _    i-d  not  exceeding 

1,750  tect  per  minute,  which  is  half  the  normal  running 
rope  speed  for  the  winders  in  question.  In  practice  it  has 
been  found  tliat  the  brake  will  do  much  more  than  tltis,  as, 

«■■•       '    '       cd  load  of  t;,ooo  lb.,  the  rope  speed  can 

I'  .  to  J^o  feet  per  minute,  with  an  cxpeiidi- 

I  ^'   in   till  •   the  rate  of 

■'  ^      The  J,  .iiical  brakes 

^^  '  wiiKiei  111  a  lew  seconds.      I'o  obtain  an 

'  bv    applying    reverse    current    to    the 

^'  I  cd  an  expenditure  of  energy  at  the 

1.1:^         .._;..  •_„  .w. 

The  obsucle  to  the  more  general  use  of  the  eddy -current 

brake  ■ mders  is  capital  cost,  which  amounts 

(With  1  alor.  etc.)  to  nearly  two-tlurds  of  the 

cost  01    iiic    \Miia.iii4    motor,  and,    in    the    caws  above 


111  t  M      iiy    I  111 

the  plant,  as  1 


Ajt  ly  liu  Una  t  1» 


Fig.  I.— Edd> -current  Brake  at  Village  Ucvp.  Lid. 
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While   Cfniral   motor  troubles  .ire  dc-i!;  wit*^  later 
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be  nienli -.     The  lir>l  re—..     .^  .    -  c 

stator   irame.    k  frame   which  may  be  quite  1 

stiff  enough  for  a  motor  running  always  in  oiitr  wi:i.i. .:.  u, 
and  only  started  and  stopped  sav  once  per  dav  or  week. 
might  be  and  frequently  i>  .  1; 

moto'     »!<ivh    •»    !i"'   ■■rslv  > 

Usu  r 

mci  ■.     .  '^ 

frequently. 

Some  makers  do  not  pay  nearly  enox'.' 
point,  and  liave  supplied  3-phasc  uir.v 
the  frames  distort  visibly  when  cuircni  : 
the  stator,    so  much  so  tlut  the   radial 
appeared  at  certain  points.      In  many 
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has  had  to  be  ground  down,  :iik1  radial  stiffening  arms 
made  for  the  stator.  Deep  frames  of  box  section,  with 
heavy  external  or  internal  stiffening  rings,  are  absolutely 
essential. 

The  second  trouble  relates  to  the  rotor  slip-rings  and  the 
control  gear.  If  a  3-phasc  motor  is  running  at  full  speed 
and  reverse  current  at  full  pressure  is  applied  to  the  stator, 
the  induced  open-circuit  standstill  rotor  voltage  is  doubled. 
Many  of  the  3-phase  winding  motors  on  the  Rand  have  an 
open-circuit  standstill  pressure  of  750  volts,  so  that  in  such 
cases  the  application  of  reverse  current  at  full  speed,  with 
the  rotor  on  open  circuit,  would  give  a  rotor  pressure  of 
1,500  volts. 

To  avoid  working  with  an  open  rotor  circuit  at  any  time, 
a  sill  is  arranged  at  the  bottom  of  the  weir  opening  in  the 
control  tank,  so  that  the  tips  of  the  electrodes  are  always 
immersed,  but  even  with  this  a  high  rotor  voltage  is  always 
obtained. 

Manufacturers  of  3-phase  motors  do  not  always  provide 
sufficient  insulation  between  the  rotor  slip-rings,  between 
the  slip-rings  and  the  shaft,  and  between  the  brush  holders, 
even  for  the  full  open-circuit  standstill  rotor  voltage,  if 
kept  on  for  any  length  of  time.  The  idea  apparently  is 
that,  as  the  motors  are  run  with  the  slip-rings  short- 
circuited,  the  insulation  is  therefore  of  no  great  importance. 
Unless  the  insulation  of  those  parts  of  such  motors  is 
kept  scrupulousi}'  clean,  trouble  is  often  experienced  in 
starting  up. 

With  3-phase  winder  motors  this  point  is  even  more 
important,  not  only  because  such  motors  are  started  and 
reversed  frequently  for  many  hours  together,  but  also 
because  of  the  higher  rotor  voltage  obtained  when  reverse 
current  is  applied. 

The  rotor  resistance  tanks  which  were  originally 
supplied  with  the  large  majority  of  the  3-phase  winders 
gave  considerable  trouble,  because  they  were  too  small  for 
the  required  duty  and  the  electrodes  were  arranged  much 
too  closely  together,  a  spacing  of  about  |  inch  between 
phases  being  common. 

During  straight  wdnding  operations  no  great  difficulties 
were  experienced,  but  flash-overs  between  the  electrodes 
were  frequent  when  reverse  current  was  applied,  and  even 
when  these  did  not  occur  the  electrolyte  soon  reached  too. 
high  a  temperature,  as  the  retarding  losses  were  then  added 
to  the  accelerating  and  winding  losses.  As  soon  as  a  fiash- 
over  takes  place  the  automatic  circuit-breaker  opens  and 
cuts  the  winding  motor  off  the  supply  circuit,  leaving  only 
the  mechanical  brakes  for  stopping  V.ie  winder. 

The  capacities  of  a  number  of  the  tanks  were  afterwards 
increased  and  the  disposition  of  the  electrodes  altered. 
This  has  been  quite  effective  in  removing  the  risks  of 
flashing  over,  but  the  resistance  at  full  load  is  somewhat 
high,  which  not  only  wastes  energy,  but  causes  a  compara- 
tively high  rotor  "  slip." 

Some  experiments  were  then  made  to  determine  the  safe 
minimum  distance  apart  between  phases,  so  as  to  avoid 
any  chance  of  flashing  over.  The  following  were  the 
results  obtained,  viz.  : — 


Distance  apart 

Flash-over 

Water 

of  Electrodes 

Volt.ige 

Temperature 

(I)      i  in. 

750/800 

ise-  F. 

(2)       1 

850/900 

188° 

(3)     I 

680 

i85» 

Distance  apart 
of  Electrodes 


(4) 

(5) 
(6) 
(7) 


ij  in. 
2| 


Flash-over 
Voltaj^c 

i,30o/''4'-''o 

1,500 

1,620 
No  flash-over  up 
to  1,800  volts 


Water 
Temperature 

—    F. 
200° 
200° 
200° 


N.B. — Ordinary  water,  without  added  salts  or  acids,  was 
used  for  the  electrolyte,  and  the  lower  edges  of  the  plates 
were  just  touching  the  surface,  except  in  No.  {3),  when  the 
plates  were  immersed  25  inches. 

It  would  be  impracticable  to  arrange  all  the  electrodes 
with  no  less  distance  than  3  inches  between  them,  as  tlie 
sizes  of  the  electrodes  and  tanks  would  have  to  be  very 
great  in  order  to  give  a  sufliciently  low  resistance  at  full 
load  and  speed,  when  the  electrodes  are  fully  immersed. 
As,  however,  the  rotor  voltage  decreases  to  practically  zero 
as  the  rotor  attains  full  speed,  and  from  twice  the  normal 
to  less  than  normal  as  the  winder  and  its  load  are  gradually 
brought  to  rest  by  reverse  current,  it  follows  that  the 
proper  arrangement  is  to  use  electrodes  of  such  varying 
shapes  and  lengths  that  the  distances  apart  of  those 
portions  of  the  plates  of  the  three  phases  actually  within 
the  electrolyte  are  gradually  reduced  as  the  electrolyte 
rises,  and  that  the  increase  in  the  areas  of  the  immersed 
portions  of  the  plates  is  such  that  the  current  density  is 
kept  at  a  low  value.  A  density  not  exceeding  1  ampere 
per  square  inch  has  been  found  to  be  a  safe  limit. 

In  other  words,  if  the  immersed  portions  of  the  electrodes 
are  far  enough  apart  and  of  such  areas  as  will  always  keep 
the  current  density  at  a  value  not  greater  than  the  figure 
given,  it  will  be  found  that  they  will  be  close  together  and 
of  large  area  at  full  immersion  when  the  rotor  voltage 
is  low  and  the  current  high  ;  and  at  a  safe  distance  apart 
and  of  small  area  when  the  rotor  voltage  is  high  and 
the  current  low. 

Various  designs  of  flat-plate  electrodes  were  tried  with 
this  object  in  view,  but  they  all  proved  more  or  less 
impracticable.  The  experiment  was  then  made  of  using 
a  large  number  of  rods  (actually  angle  iron)  of  var}'ing 
lengths,  arranged  in  the  tank  so  that  their  disposition  could 
be  easily  changed  to  obtain  the  required  result.  This 
was  successful,  as  no  flashing-over  was  observed  under 
working  conditions,  and  the  increases  and  decreases  of 
areas  and  resistances  were  quite  satisfactory. 

It  has  been  suggested  that  two  resistance  tanks  could  be 
used,  one  for  winding  and  the  other  for  reverse-current 
braking.  While  no  doubt  this  would  be  successful  from 
the  tank  and  electrode  point  of  view,  it  would  involve 
special  control  lever  arrangements  and  interlocked 
change-over  rotor  switches,  besides  considerably  increasing 
the  cost.  Designs  for  such  an  arrangement  have  been 
worked  out,  and  it  would  certainly  remove  one  danger 
which  exists  with  the  ordinary  single-tank  apparatus. 

In  cases  of  emergency  it  is  difficult  to  prevent  the 
driver  of  a  3-phase  winder  from  bringing  his  operating 
lever  very  quickly  back  to  the  reverse  position,  and  as 
the  electrolj'te  in  the  full  tank  takes  an  appreciable  time 
to  fall,  and  as  the  driver  may  have  again  raised  the  weir 
before  the  tank  is  emptied,  there  is  the  risk  that  the  reverse 
stator  switches  will  be  closed  with  the  electrodes  sufficiently 
immersed  to  give  a  comparatively  low  resistance  while  the 
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vahouk  »cction>  being  cui  in  and  out  by  a  !>cric> 
of  nine  3-pole  cl»xtiically.op«atcd  conUci-" 
swilchcs. 

(3)  The    operation    oi    the    >tatof   and   rotor   conljii.  i 

&«-ilchr!i  i»  c-flfcclpcl  by  a  Miiall  mailer  controller 
of   V  mounted  on  the  driver  ;> 

plau  ..er  lever  moves  in  a  MiniUr 

manner  to  the  orduiary  operating  lever. 

(4)  The  rate  of  acceleratiii|;  the  speed  of  the  motor  is 

automatically  controlled  by  a  relay  system  in  the 
rotor  circuit,  so  that,  although  the  control  lever 
may  be  put  right  over  at  the  >t^t,  no  succeeding 
rotor  switch  closes  until  the  rotor  current,  v^'hich 
has  increased  on  the  closing  of  the  preceding 
itch,  has  fallen  to  a  predetermined  and 
ic  amount. 

The  advantages  claimed  for  this  method  of  control 
were  : — 

(a)  No  heavy  work  is  imposed  on  the  driver  in  operating 
the  control  lever. 

(6)  No  energj-  is  wasted  in  continually  pumping  elec- 
trolyte. 

(c)  The  full  sf>eed  of  the  motor  is  obtained,  as.  when  the 
la-l  rotor  switch  closes  the  rotor  is  metallically 
uited. 

(•''  N  ■    IS  wasted  in  the  rotor  resistance  during 

the  period  of  full-speed  running,  but  only  during 
tile  periods  of  acceleration  and  retardation. 

(*)  There  is  no  possible  risk  of  flashing  over,  however 
quickly  the  control  lever  is  operated. 

(/)  There  is  no  cooling  pipe  system  to  be  kept  clean  and 
in  order. 

The  equipment  was  erected  in  the  winding  engiiK-iL.i)iii 
at  the  Village  Main  Keef,  Ltd.,  and  was  used  with  great 
success  for  several  wcrlis,  during  which  tunc  the  drivers 
expressed  themselves  as  btiiij;  very  well  Natislied  with  it. 
Sc\c:al  delocti  in  the  apparatus  appeared,  however,  as 
K'UuVvs  . — 

(i)  The  oootrol  gear  was  mounted  00  a  pipe  framework 
on  the  light  wooden  floor  of  the  engine-room.  The 
continual  opening  and  closing  of  the  contactors 
sho*  '  id  It  vk-as  soon  seen  tliat  the 

n*'--  ;  and  should  be  on  a  solid 

floor. 
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Fig.  2  shows  the  sfator  contactoi-  switches  :iik1  Fig.  3  the 
rotor  contactoi"  switches.  It  is  in  successful  daily  operation 
at  the  Village  Main  Reef  G.  M.  Company,  Ltd.  .Altliougli  a 
little  more  expensive  in  prime  cost  than  the  ordinary  type  of 
liquid  control,  this  is  more  than  repaid  by  the  effectiveness 
and  the  saving  of  the  heavy  losses  in  the  rotor  resistance 
during  the  times  of  full-speed  running. 

With  a  view  of  obtaining  competitive  arrangements,  the 
author,  in  July  1914,  sent  particulars  of  the  contactor-relay 
system  of  control  to   a  British   firm    which  claims  to  be 


Scale  of  inches 
Fig.  4. — Electrically-operated  Contactor  Switch. 

expert  in  that  class  of  work.  It  took  nearly  5  months  for 
a  reply,,  other  than  an  acknowledgment,  to  be  received, 
and  then  the  information  sent  was  entirely  useless.  Wake 
up,  England  ! 

Electrically-operated  contactor  switches  for  the  stator 
circuits  are  used  with  great  success  on  several  3-phase 
winders  of  the  group.  The  contacts  are  self-cleaning  and 
are  broken  under  a  magnetic  blow-out,  and  the  mainten- 
ance is  exceedingly  small  when  compared  with  the  ordi- 
nary pattern  of  oil  switch.  A  contactor  switch  is  shown 
in   Fig.  4,  from  which  its  essential  parts  will  be  seen. 

Manufacturers  do  not  seem  to  realize  the  nature  of  the 


duties  which  winder  oil-break  switches  have  to  perform, 

and  they  usually  supply  the  ordinary  switchboard  type. 
While  the  latter  is  only  called  upon  to  open  and  close 
feeder  or  machine  circuits  occasionally,  and  generally  with 
no  load  on  at  the  time,  switches  for  3-phase  winders 
frequently  have  to  make  and  break  circuits  from  500  to 
1,000  times  per  day,  and  the  breaking  is  usually  done 
under  full  load.  It  requires  a  very  substantial  switch  tO' 
stand  up  to  this  sort  of  work,  and  the  arcing  contacts  and 
the  oil  have  to  be  renewed  at  least  once  a  week.  This  is 
a  very  "messy"  and  expensive  job,  and  contactor  switches- 
are  being  insisted  upon  for  all  future  3-phase  wniders.  On 
a  3-phase  winder  at  Rose  Deep,  Ltd.,  these  switclies  have 
made  and  broken  the  stator  circuits  over  388,000  times 
without  any  cost  whatsoever  for  repairs  or  maintenance. 
The  author  has  endeavoured  to  obtain  from  his  own 
experience  reliable  comparative  figures  of  the  costs  of 
Ward  Leonard  and  3-phase  winders,  but  the  weights 
raised,  rates  of  acceleration,  speeds  of  winding,  and  depths 
of  shafts  are  so  variable  on  the  mines  of  the  group  which 
have  the  two  classes  of  winders,  that  he  cannot  put 
forward  data  of  any  real  value.  It  may  be  stated  generally 
that  the  deeper  the  shaft  (i.e.  the  longer  the  relative  period 
of  full-speed  winding)  the  cheaper  is  the  3-phase  system- 
compared  with  the  Ward  Leonard,  particularly  if  the 
contactor  system  of  rotor  control  is  used,  because  with 
the  latter  the  resistance  losses  are  entirely  eliminated  at 
full  speed. 

With  balanced  (double  drum)  winders  working  without 
a  tail  rope,  there  is,  however,  a  limit  to  the  depth  at  which 
a  3-phase  winder  is  the  more  economical,  because  the 
weight  of  the  descending  rope  ultimately  overbalances  the 
weight  of  the  ascending  load  and  reverse  current  has  to 
be  applied  to  prevent  the  winder  running  away.  Such 
energy  has  to  be  paid  for,  but  with  the  Ward  Leonard 
winder  the  greater  part  of  the  braking  energy  can  be 
returned  to  the  line.  There  is  therefore  not  only  the 
saving  of  a  loss,  but  a  distinct  gain  to  be  made. 

For  a  winder  which  is  frequently  or  constantly  used 
for  lowering  loads,  such  as  men  or  material,  or,  in  some 
cases  of  incline  shafts,  lowering  rock  to  a  point  where  it 
can  be  better  raised  by  a  vertical  shaft  winder,  the  Ward 
Leonard  system  is  much  to  be  preferred. 

It  is  only  by  drawing  out  a  diagram  for  each  individual 
case  that  a  proper  decision  can  be  made  as  to  which  type 
of  winder  is  the  correct  one  to  employ. 

One  advantage  which  the  3-phase  winder  has  over  the 
Ward  Leonard  is  that  geared  motors  running  at  375  r.p.m., 
or  at  higher  speeds,  can  be  most  conveniently  employed 
in  the  majority  of  cases,  which  not  only  means  a  much 
cheaper  equipment,  but  a  better  and  more  economical 
motor  than  if  a  direct-coupled  one  were  used.  With  the 
Ward  Leonard  system  a  direct-coupled  low-speed  motor, 
although  more  expensive,  gives  a  better  working  machine. 
Fig.  5  shows  the  largest  electric  winder  in  South  Africa. 
It  is  of  the  Ward  Leonard  type  and  has  two  motors,  each 
of  2,000  h.p.  (R.M.S.  rating),  one  at  each  end  of  the  drum 
shaft.  There  are  two  cylindro-conical  drums,  each  22  ft. 
diameter,  which  wind  a  net  load  of  16,000  lb.  from  a 
depth  of  3,540  feet  at  a  speed  of  3,500  feet  per  minute.  The 
winding  ropes  are  2  in.  diameter.  This  winder  is  one 
of  three  at  the  South  Rand  shaft  of  Crown  Mines,  Ltd., 
and  they  operate  at  54  r.p.m. 
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KiG.  5. — Ward  Leonard  Winder  at  Crown  MiIlc^,  Lid. 


OvEKWiNiiiNi.;  Devices. 

There  is  one  essential  dilfcrcncc  between  winding  coal 

and   winding  gold  ore.     C\>al    is  comparatively   soft   and 

easily  broken,  and  it  is  necess.Lry  that  it  sliould  be  dehvercd 

in   masses  as  large  a*   poi>ible.     For  these   reasons  it  is 

1'  m  the  working  levels  right   to  the  surface  in 

are  landed  from  the  ciigcs  at  the  collar  of  the 

in  two  or  more  tiers.     Men  and  matcrlaU 

landed  at  the  same  place,  so  that,  under 

0,  the  cages  have  never  10  rise  alwvc 

.   - cie  IS  always  a  high  head  room  clcar- 

<.'n  the  cages  and  the  headgear  sheaves. 

1 11'  '■  -  :niig  rock  or  "  reef  "  of  the  Witwalersrand 

IS  exci  .ird,  and  has  to  be  crushed  to  a  tine  powder 

l>cl\ii  I  -  ,  :     I'c    lIiciiikmHv  ln.i!i'l    t.  .    'Id, 

Ih-.    i::-.1     r   J  .|.l   p.flKl.  -   .t:  ■      !,■    ...    ■  .lall 

t.  I  eye.     .\ii>  tiling, 

ti.^  IK  IS  to  be  sought 

rather  than  avoided.     1  he  ore  is  brought  to  the  surface  in 
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Kand  have  been  caused,  not  by  ..  p, 

but  by  starting  the  winder  in  the  ^ :.  ;ie 

skip  IS  at  the  tipping  point.  In  such  cases  the  skip  is 
pulled  into  the  headgear  sheaves  t^efore  the  winder  drum 
has  made  half  a  turn. 

Ovcr\\  .jy 

when  I.  < 

of    much    use    loi     av.  «.- 

driver  must  retain  lull  <  ^r 

position  the  skip  is,  to  be  at>le  to  tmng  the  ski(  ^  t 

tipping  point.  This  operation  frequently  cai.;  .  -,- jI 
movements  of  the  winder  after  it  has  first  been  stopped. 

In  11)11  the  author's  attention  w.i-  '  -  ■  '.  to  an  elec- 
trical device  in  use  on  certain  ui:  lies  at  Ibo 
Simmer  and  '  inven- 
tion of  Mr  \'>  '«  «»* 
claimed,  would  give  uninistakabk;  waiiuug  iu  (be  driver  ii 
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he  attempted  to  start  the  winder  in  the  wrong  direction 
with  the  skip  in  the  tip,  without  in  any  way  taking  awav 
from  him  the  full  command  of  the  winder.  On  investigation 
this  claim  was  found  to  be  fully  justified,  and  since  that 
date  the  whole  of  the  winders  on  the  mines  of  the  group 
have  been  fitted  with  the  Philip's  device.  Its  principle  is 
illustrated  in  Fig.  6,  which  shows  a  diagrammatic  arrange- 
ment, and  the  action  is  as  follows  : — 

A  2-way  controller  switch  is  connected  to  the  driver's 
operating  lever,  so  that  the  contacts  are  open  when  the 
lever  is  in  the  neutral  or  "off"  position.  A  slight  motion 
of  the  lever  in  either  direction  closes  the  contacts  on  one 
side  or  the  other.  An  insulated  disk,  with  a  short  metallic 
insertion  on  the  edge,  isti.\ed  on  the  spindle  of  each  depth 
indicator  dial,    with    two  contacts   arranged   so   that   the 


CO^TRCLLeR 


"Fig.  6. — Diagram  of  Philip's  Indicating  Device. 

circuit  is  closed  when  the  depth  indicator  shows  the  skip 
to  be  anywhere  in  the  region  between  the  headgear  sheaves 
and,  say,  150  feel  below  the  collar  of  the  shaft. 

A  battery  and  a  loud  warning  hooter  complete  the 
apparatus,  which  is  connected  up  as  shown  in  Fig.  6.  In 
the  case  of  winders  with  loose  drums  operated  through 
clutches  (a  great  many  of  these  winders  are  in  use  on 
the  Rand  to  wind  from  different  levels)  an  au.xiliary  con- 
tact is  provided  which  is  broken  when  the  clutch  is  open 
and  the  brakes  are  holding  that  drum. 

By  following  through  the  connections  it  will  be  seen  that 
when  a  skip  is  within  what  may  be  called  the  "  danger 
zone"  the  smallest  movement  of  the  operating  lever  in  the 
direction  to  raise  the  skip  will  sound  the  hooter,  which  is 
placed  close  to  the  driver.  He  is  at  once  warned,  and 
unless  he  has  deliberately  put  his  lever  into  tliat  position  he 
quickly  pulls  it  back  before  any  damage  has  been  done. 
He  can  only  raise  the  skip  within  the  danger  zone  with  the 
full  knowledge  of  what  he  is  doing,  and  he  is  also  warned 
by  the  hooter  if  he  keeps  the  power  on  past  the  pre-deter- 
mined   point  in  the   shaft.      This   simple   apparatus   has 


already   been '  the   means   of   preventing   a   great   many 
accidents. 

There  are  manv  designs  of  overwinding  devices,  both 
electrical  and  mechanical,  which  come  into  operation  when 
the  skip  has  passed  a  certain  point  in  the  shaft  or  headgear 
and  stop  the  winder  by  cutting  off  the  power  and  applying 
the  brakes.  Some  act  through  a  centrifugal  governor  and 
prevent  the  driver  from  winding  at  too  great  a  speed 
within  the  danger  zone.  Others  only  act  when  the  skip 
has  actually  come  to  a  few  feet  above  the  correct  stopping 
place.  One  of  the  most  common  and  effective  types 
employs  cams  or  screws  with  running  nuts  gradually  to 
bring  the  control  lever  back  to  the  off  position  if  the  driver 
has  not  already  done  so. 

Depth  Indicators. 

The  most  general  form  of  depth  indicator  used  on 
winders  on  the  Rand  is  that  of  the  dial  pattern,  as  indicated 
in  Fig.  6,  and  of  which  a  part  back  view  may  be  seen  in 
Fig.  I.  The  dials  are  usually  about  5  ft.  diameter,  and  arc 
mounted  on  high  cast-iron  pillars,  placed  one  at  the  right 
hand  and  one  at  the  left  hand,  cither  in  front  of  or  behind 
the  winding  drums,  facing  the  driver's  platform. 

When  the  old  steam  winders  were  converted  to  electric 
driving  the  original  depth  indicators  were  kept  in  use, 
and  the  electrical  instruments,  being  of  a  small  size,  had 
to  be  mounted  on  or  close  to  the  driver's  platform  so  that 
they  could  readily  be  seen.  Even  for  new  electric  winders 
the  same  arrangement  of  large  depth  indicators  at  a  dis- 
tance and  small  electrical  instruments  close  to  the  driver 
was  retained.  Onlj'  in  a  few  cases  has  the  vertical  screw 
pattern  of  indicator  been  used,  still  with  the  electrical 
instruments  mounted  separately. 

It  appeared  to  the  author  that  it  was  a  wrong  principle 
to  make  the  driver  have  to  watch  two  sets  of  indicators, 
one  mechanical  and  one  electrical,  in  such  different 
positions  and  at  such  different  distances,  and  tliat  the  eye 
strain  must  be  detrimental.  He  therefore  endeavoured  to 
bring  all  the  indicators  to  one  place,  namely  at  a  distance 
of  about  6  feet  in  front  of  the  driver,  and  to  reduce  the 
size  of  the  dial  of  each  depth  indicator  so  that  it  would 
have  the  same  angular  diameter  as  at  the  greater  distance. 
For  example,  a  dial  5  ft.  diameter,  at  a  distance  of  20  feet, 
would  appear  no  larger  than  one  18  in.  diameter  at  a 
distance  of  6  feet.  It  is  obvious,  also,  that  as  the  angular 
movement  of  the  pointer  would  be  the  same  whatever  the 
diameter  of  the  dial,  the  indications  would  be  just  as 
visible  on  the  smaller  dial  at  the  reduced  distance,  as  on 
the  larger  dial  at  the  original  distance. 

Owing,  however,  to  a  recent  (1914)  requirement  of  the 
Transvaal  Government  Mines  Department,  that  the  tip  of 
the  pointer  of  the  indicator  should  have  a  movement  of  not 
less  than  i  inch  for  each  complete  revolution  of  the  wind- 
ing drum,  a  dial  18  inches  in  diameter  was  found  to  be 
too  small  for  most  of  the  winders,  as  with  an  8  ft.  winding 
drum  it  would  only  indicate  to  a  depth  of  about  1,000  feet. 

The  Government  requirement  was  based  upon  the 
practice  of  the  drivers,  viz.  to  watch  for  rope  or  drum 
marks  during  the  last  revolution  of  the  drum,  to  guide 
them  in  bringing  the  skip  to  the  correct  spot,  and,  with  a 
pointer  movement  of  less  than  i  inch  per  revolution,  it 
was  considered  difficult  to  determine  when  the  last 
revolution  had  arrived.   This  restriction  makes  the  vertical- 
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Fiii.  7.— Combined  Indicators  for  Electric  Windert. 


pressure  gauge  (or  the  brake:*  are  mounted  between  the 
two  dials.  The  indicator  pointer  is  carried  in  a  rectangular 
groove  at  the  front  end  of  the  pointer  spindle,  and  is 
guided  in  its  circular  motion  by  a  small  roller  on  the  under- 
Mde,  \v'  _  iijcs  in  a  roller  path  (oiined  in  the  depth 

ot  the  A  small  screen  i-i  tixt-<l  .it  the  outer  end 

id  the  puiiiicf,  uhich  covers  u|  e  inner 

rins    when  the  pfiiiicr  is  indK  :    ring. 

V  27  in.  diameter,  and  the  end  of  each 
I  jugh  a  total  path  of  about  116  inches. 

Ihis.  with  only  an  8  ft.  diameter  drum,  will  serve  for  a 
ilcpth  of  3,<jpo  feet,  on  the  basis  of  i  inch  of  movement  for 
each  re\-oluIion  ol  the  drum. 

plelc   indicator   set  is  mounted  on  two   pillars 
1  .  in  front  ol  the  driver  s  pbtforin,  with  the  top> 

of  the  di^s  at  a  height  of  about  4  feet  above  the  platiorm 


(green)  under  the  right-hand  dial  arc  illiuninatcd  The 
reverse  action  takes  place  when  the  skip  in  the  i 

shaft  compartment  is  being  raised.  The  dh\'ei  ....>  ...v.c- 
forc  an  instant  indication  as  to  which  skip  is  being  raised, 
aiitt  :  u-iits  of  that  dial  ludiotur  pointer 

wh  'W  under  it. 


Next  to  winding,  the  most  iiiijvilj:.!  vIj'.v  I'f  the  clrvlnc 
motor  on  a  mine  is  probably  thai  .: 

I'ntil   the  electric   motor  was  .» -.-...    --^  .    ^..  -    -..> 

done  cither  bv  Cornish  pumps,  steam  operale«l   from  the 
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water  bj'  stages  into  sumps,  from  which  tlie  next  higher 
pumps  drew  their  supply. 

The  next  step  was  to  ehminate  the  Cornish  pump  and  to 
use  motor-driven  i;earcd  ram  pumps  for  heads  up  to  between 
2,000  and  -^.ooo  feet.  This  continued  to  be  the  common 
practice  until  1912,  w'hen,  on  the  advice  of  the  engineers  of 
the  group,  it  was  decided  to  use  high-speed,  multi-stage 
centrifugal  pumps,  with  direct-coupled  motors,  at  the  South 
Rand  shaft  of  the  Crown  Mines,  Ltd.,  and  at  No.  i  Shaft, 
Durban  Koodepoort  Deep,  Ltd.  The  plant  at  both  mines 
is  identical,  and  each  consists  at  present  of  two  pumping 
units.  Each  unit  comprises  a  high-  and  low-pressure 
8-stage  Sulzer  pump,  with  the  motor  arranged  between 
the  two  pumps,  and  lifts  375  gallons  of  water  per  minute 
to  a  height  of  2,400  feet.  The  sets  run  at  1.470  r.p.m.  and 
take  about  500  b.h.p. 

A  little  trouble  was  experienced  at  first  owing  to  the 
nature  of  the  water,  which  was  slightly  acid  and  contained 
a  large  amount  of  finely-powdered  rock  in  suspension.  A 
scheme  of  settling  sumps  was  then  arranged,  in  wliich  the 
acidity  of  the  water  is  removed  by  lime  treatment  and  the 
suspended  matter  is  allowed  to  settle.  Since  these  sumps 
have  been  provided  the  plant  has  worked  with  great 
success,  and  is  now  being  extended  at  Crown  Mines,  Ltd., 
bj"  units  of  twice  the  size. 

The  reduction  in  working  costs  over  the  original  ram 
pumps  has  been  very  marked,  and  is  sufficient  to  wipe  off 
the  whole  of  the  new  capital  outlay  in  about  two  years.  It 
is  not  that  the  centrifugal  pump,  by  itself,  has  a  higher 
efficiency  than  the  ram  pump,  but  the  use  of  the  former 
renders  concentration  of  large,  high-power,  and  high-speed 
flumping  units  possible  in  a  minimum  of  space,  with  a 
minimum  of  attention  and  very  low  maintenance  costs. 

The  success  of  the  centrifugal  pumping  system  has  been 
■such  that  large  similar  schemes  are  now  being  considered 
for  other  mines  of  the  group. 

The  importance  of  reliable  underground  mining  pumps, 
and  particularly  of  the  electric  supply  to  the  motors  of 
such  pumps,  cannot  be  over-estimated.  A  stoppage  of  less 
than  24  hours  would  be  sufficient  in  some  cases  to  flood  the 
lower  levels  of  the  mines,  which  would  not  only  drown  out 
the  pump  chambers,  but  involve  bailing  in  the  shafts  by 
means  of  tubs  and  the  winding  plant  before  the  pump 
chambers  could  again  be  entered.  For  the  lowest  level  of 
the  South  Rand  Shaft  of  Crown  Mines,  Ltd.,  the  pump 
motors  will  be  operated  at  200  volts  from  oil-immersed 
transformers,  and  the  rotors  will  be  of  the  squirrel-cage 
tj'pe.  They  will  be  started  with  the  primary  windings  of 
the  transformers  connected  in  star,  which  will  be  changed 
over  to  mesh  connection  when  full  speed  is  reached.  The 
object  of  this  is  to  render  the  motors  less  liable  to  break- 
down should  the  pump  chamber  become  flooded.  There 
will  be  no  switches  between  the  transformers  and  the 
motors. 

The  other  classes  of  pumps  used  on  the  mines,  such  as 
slimes  pumps,  sands  pumps,  small  water  pumps,  etc.,  are 
generally  electrically  driven  by  belts.  Nearly  all  the 
motors  are  of  the  slip-ring  type,  in  which  the  rings  are 
short-circuited  and  the  brushes  lifted  at  full  speed.  Belt 
driving  has  been  found  to  have  many  advantages  over 
direct  coupling,  as  the  pumps  are  often  in  positions,  such  as 
pits  which  are  liable  to  be  flooded,  where  a  motor  could 
not  be  placed,  and,  owing  to  the  increases  in  the  reduction 


plants  from  time  to  time,  it  is  very  convenient  to  be  able 
to  alter  the  speeds  and  lifts  of  the  pumps  merely  by  altering 
the  sizes  of  the  pullevs. 

Mill  Driving. 

After  the  ore  is  tipped  into  the  headgear  bins  it  is  rough 
sorted  by  being  carried  over  long  and  wide  rubber  belts, 
where  the  waste  rock  is  removed  by  hand  as  far  as  is 
practicable.  It  is  then  passed  into  crushers,  both  the  jaw 
and  rotator)'  types  being  used,  in  which  it  is  crushed  to 
pieces  of  i-^  in.  cube  and  smaller.  The  methods  of  driving 
the  sorting  belts  and  crushers  call  for  no  special  mention, 
excepting  that,  as  the  belts  travel  at  a  very  low  speed 
(about  40  feet  per  minute),  high  reduction  gear  has  to 
be  used. 

The  ore  is  then  taken  to  the  stamp  mill,  which  is  a 
feature  of  all  gold  mines,  where  it  is  further  crushed  to  fine 
particles.  The  Californian  type  of  stamp  is  in  universal 
use.  It  consists  of  a  circular  steel  weight,  about  9  in. 
diameter,  and  4  ft.  long,  fixed  at  the  lower  end  of  a  steel 
rod  called  the  "  stem."  The  rod  and  its  stamp  are  lifted 
by  means  of  a  cam,  which,  by  rotating,  engages  on  the 
underside  of  a  tappet  on  the  stem,  lifts  it  for  a  distance  of 
about  8  inches,  and  then  allows  the  whole  to  fall  by 
gravity  on  to  a  steel  block  at  the  bottom.  Double-armed 
cams  are  employed,  and  the  stamps  are  generally  set  in 
blocks  of  five  or  ten,  and  worked  from  a  common  cam 
shaft,  the  cams  being  arranged  so  that  the  stamps  fall,  one 
after  the  other,  in  a  regular  sequence.  The  ore  is  fed 
with  water  under  the  stamps,  which  weigh  from  1,200 
to  2,000  lb.  each.  Fig.  8  shows  the  general  arrangement 
of  a  mill. 

The  cam  shafts  of  the  different  stamp  groups  are 
driven  by  belts — (a)  in  the  older  types  of  mills  from  a 
common  line  shaft  to  which  the  motor  is  belted,  one  large 
motor  frequently  driving  from  80  to  100  stamps,  and  (b)  in 
the  newer  mills  from  a  separate  motor  to  each  group 
of  10  stamps.  Each  stamp  requires  5  h.p.  on  the 
average. 

The  whole  of  the  work  is  done  by  the  motors  in  lifting 
the  stamps,  and  is  therefore  the  same  whether  any  rock 
is  being  crushed  or  not.  As  the  stamps  fall  by  gravity  the 
speed  of  dropping  depends  only  upon  the  weight  of  the 
stamp  and  the  height  to  which  it  is  lifted.  It  will  be 
evident  that  there  must  be  a  hmiting  speed  for  the  rota- 
tion of  the  cam  shaft,  as  if  it  be  rotated  at  too  high  a  speed 
there  will  be  a  danger  of  the  uprising  cam  meeting  the 
descending  tappet  before  the  latter  has  completed  its  fall, 
with  the  great  risk  of  either  breaking  the  cam  or  the  cam 
shaft.  Such  an  effect  is  called  "  camming,"  and  experi- 
ence has  shown  that  this  danger  exists  at  greater  than 
98  drops  per  minute,  and  it  increases  of  course  with  any 
increase  in  the  speed  of  dropping. 

Having  fixed  the  output  of  the  stamp  mill  on  the  basis 
of  98  drops  per  minute  for  each  working  stamp,  while  any 
increase  in  the  speed  is  dangerousany  decrease  will  reduce 
the  output  of  the  mill  in  the  same  proportion.  A  constant 
rate  of  speed  for  the  driving  motors  thus  becomes  im- 
perative. This,  unfortunately,  is  in  the  control  of  the 
power  company,  and  is  determined  solely  by  the  frequency 
of  the  electrical  supply. 

The  limits  of  frequency  laid  down  in  the  contract  are 
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During  ihc  early  period  of  the  power  supply  considcr- 
aWc  trouble  was  experienced  from  these  causes,  which 
afi  ■  '  "  the  milU  at  the  same  lime.  As' it  was  after- 
V  ;  that  the  supply  was  more  generally  given  at 

CI  i-quency,  the  drives,  were  altered  to 

*  '.  rvil 

!>e  seen  from  the 
lii  .  -  revolve  at  only 

44  rp.m.  This  is  a  low  ^pecd  and  entails  the  use  o(  a 
countershaft  to  enable  a  standard  motor  to  be  used.  The 
largest  pulley  which  is  practicable  on  the  cam  shaft  is  of 
7  ft  3  m.  diameter,  and  even  with  this  the  belt  speed  is 
only  i.ioo  feet  per  minute.  Very  wide  belts  have  to  l>c 
used,  with  a  jockey  pulley  to  keep  them  tight,  owing  to 


the  tappets  a  much  heavier  blow  on  raising  tbem,  owing  lo 
the  angular  velocity  having  been  doubled,  and  the  xnbra- 
tion.  which  is  bad  enough  with  the  ordioan'  cam.  was  so 
much  increased  that  the  experiment  had  to  be  abaudooed. 

.V  .  'r 

dev 

iKpCausc    ut    lis    cxlicutc 


the  ore  vtxt  coin- 
under  Ihe  st.i::i'.'~ 
.  screen  i : 


in  the  earlier  days  me  ^ 
pleted  III  the  stamp  mill  b\ 
until  it  was  small  enough  ti.> 
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plant  is  considerably  iiicrcasud  aiul  a  nuich  riiicr  product 
is  obtained.  The  gold  particles,  being  so  extremely  small, 
c;innot  all  be  extracted  unless  the  ore  is  crushed  or  ground 
to  a  powder. 

The  tube  mill  is  a  cylindrical  steel  vessel,  like  a  boiler 
shell,  a  common  size  lieing  about  22  ft.  long  x  S  ft.  6  in. 
diameter.  It  is  carried  upon  hollow  trunnions  and  is 
rotated  at  a  speed  of  about  28  r.p.m.  The  interior  is  lined 
either  with  hard  segmental  stone  blocks  or  with  concrete 
in  which  steel  pins  are  embedded.  The  crushed  ore  as  it 
comes  from  the  stamp  mill  in  the  form  of  a  coarse  pulp  is 
fed  through  the  trunnion  at  one  end,  together  with  a 
number  of  small  selected  pieces  of  ore,  called  pebbles, 
about  3  in.  cube,  which  act  as  grinders,  and  themselves 
gradually  become  reduced  to  a  powder.  The  finished 
product  comes  out  of  the  trunnion  at  the  other  end,  and  is 
then  ready  for  passing  over  the  amalgam  tables. 

If  the  action  of  the  tube  mill  be  carefully  considered,  it 
will  be  found  that  there  is  a  critical  speed  at  which  it  should 
revolve  to  get  the  best  results.  Imagine  the  mill  rotated 
at  a  high  speed.  In  such  a  case  the  centrifugal  action 
would  throw  the  pulp  and  pebbles  against  the  inside  of  the 
mill  all  round,  and  there  they  would  remain  and  rotate 
with  it  without  being  ground  in  any  way.  Now  let  the 
mill  be  rotated  at  a  very  low  speed.  The  whole  of  the 
material  inside  would  merely  slide  and  would  remain 
practically  at  the  bottom  of  the  mill  without  any  useful 


reduction  gears,  consisting  of  a  pinion  on  the  motor  shaft 
and  a  spur  rim  bolted  on  the  outside  of  the  tube  mill  at 
one  end.  The  gear  ratio  was  about  13  to  i.  The  end 
movements  of  the  tube  mill  were  sufficient  to  do  away 
with  all  the  benefits  of  the  high-class  gears,  and  even  with 
a  flexible  motor  coupling  caused  great  gear  wears  and 
trouble  at  the  motors. 

While  it  is  possible  that  a  straight  toothed  gear  would 
have  accommodated  itself  to  the  end  movements  of  the 
tube  mill,  the  high  gear  ratio  required  rendered  its  use 
impracticable. 

The  present  standard  practice  is  to  use  a  motor  running 
at  585  r.p.m.,  to  belt  this  to  a  pulley  on  a  pinion  shaft  run- 
ning at  (20  r.p.m.,  and  to  use  straight  toothed  gearing  with 
a  ratio  of  about  43  to  i.  The  mechanical  efficiency  may 
be  slightly  less,  but  the  commercial  efficiency  is  decidedly 
greater. 

The  best  proportions  of  diameter  and  length  for  the 
tube  mill  have  not  yet  been  finally  determined,  but  some 
metallurgists  have  a  decided  opinion  that  the  present  usual 
length  of  the  mill  (22  ft.)  could  be  considerably  reduced 
with  advantage.  * 

Electric  Compressors. 

It  was  mentioned,  earlier  in  this  paper,  that  four  of  the 
mines  in   the  group  do  not  obtain  their  supply  of  com- 


Converted  Rope-driven  Compressors 

Direct-coupled  Compressors 

No. 

r.p.m. 

h.p.  each 
motor 

Total  lb.  air 
per  min. 

Lb.  press, 
per  sq.  in. 

No. 

r.p.m. 

h.p.  each 
.motor 

Total  lb.  air 
per  min. 

Lb.  press, 
per  sq.  in. 

Modder  B 

I 

78 

750 

276 

80 

2 

163 

1,000  , 

8l2 

100 

New  Modder 

— 

— 

i: 

163 
247 

1,000 
600 

2,030 

218 

100 
100 

Bantjes       

3 

80 

55° 

622 

83 

I 

3,000 

560 

812 

7-5 

Durban  R.D. 

— 

— 

— 

— 

2 

247 

600 

436 

100 

work  being  done.  At  the  correct  speed  of  rotation  the 
material  would  be  carried  about  half-way  round  and  would 
then  fall  perpendicularly  to  the  bottom,  thus  giving  the 
maximum  mixing  and  grinding  effects. 

It  follows  from  ihe  above  reasoning  that  there  is  also  a 
correct  level  to  which  the  tube  mill  should  be  filled  to 
obtain  :he  best  effect.     This  is  slightly  under  half  full. 

A  tube  mill  takes  a  considerable  amount  of  energy  to 
start  it  rotating,  as  the  whole  of  the  weight  of  the  material 
lies  at  the  bottom.  It  is  also  very  sensitive  to  overloading, 
and  many  tube  mill  motors  have  been  burnt  out  from  this 
cause.  Motors  of  100  h.p.  have  been  generallv  used,  but 
these  are  gradually  being  replaced  by  motors  of  125  h.p. 
and  150  h.p.  for  this  reason. 

A  number  of  attempts  have  been  made  to  drive  tube 
mills  by  direct  gearing  from  the  motor  shaft,  but,  so  far  as 
the  Rand  is  concerned,  with  no  great  success.  Motors 
running  at  365  r.p.m  were  used,  with   "  Citroen  "  single- 


pressed  air  from  the  air  mains  of  the  power  company,  but 
that  they  use  electrically-driven  compressors  on  their  own 
property.  The  equipments  are  given  in  the  table  on  this 
page. 

The  rope-driven  compressors  are  all  of  the  horizontal 
2-stage  type,  and  in  each  case  have  been  converted  from 
steam  driving  by  removing  the  steam  pistons  and  replacing 
the  flywheel  by  a  rope  pulley,  on  to  which  the  motor 
drives.  The  direct-coupled  compressors  are,  with  the 
exception  of  the  one  at  Bantjes,  of  Messrs.  Belliss  & 
Morcom's  standard  vertical  2-stage  pattern. 

The  direct-coupled  compressor  at  Bantjes  is  of  the  high- 
speed turbine  type.  It  compresses  the  air  up  to  ys  lb. 
gauge  pressure,  at  which  pressure  the  horizontal  rope- 
driven  compressors  take  it  and  complete  the  compression. 
It  was  made  by  Messrs.  C.  A.  Parsons  &  Co.,  and  has  been 
most  successful  in  operation. 

Intercoolers  are  used  between  the  different  stages  of  all 
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pressure  acro>s  the  orifice  is  cquivaliut  to  about  24  inches  of 
*-ater,  very  rchabic  results  arc  obtained  from  the  formula  :— 
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where  W  =  lb.  weight  of  air  flowing  per  second. 

ij  ^  area  of  orifice  in  square  inches. 

i;  =  acceleration  due  to  gravity  (feet  per  second 
lid)  which  at  Johannesburj.;  =  33*11. 

K  =  ..^  A  lor  air.    Tins  is  ciilculatci!  accord- 

ing ;ci  the  relative  effects  of  the  constant 
for  dry  air  and  the  constant  for  steam  gas, 
in  the  pro|H>rtion  which  the  weight  per 
cubic  foot  of  dry  air  bears  to  the  weight 
per  cubic  foot  of  aqueous  vapour  in  the  air 
entering  the  compressor.  The  constant  for 
dry  air  is  taken  as  5322,  and  the  constant 
for  steam  gas  as  856. 
For  normal  atmospheric  air  on  the  Kaiid, 
which  is  57-2  per  cent  saturated  at  60"  F. 
with  a  barometric  pressure  of  24616  in.  of 
mercury,  R  has  lieen  found  to  be  S3"4'>3. 

I' =  pressure  on  the  down-stream  side  of  the 
orifice  in  lb.  per  square  inch  absolute. 

*  sdifYerence  of  pressure  between  the  two  sides 
ol  the  orifice  in  lb.  per  sijuare  inch  ^as 
sliown  1  .ctcr). 

l^alisulutc  .re    of    Jhc    air     on    the 

up-stream    Mdc    of     the   orifice  =  4607  + 
degrees  F. 
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LKt'sHEkS. 

It  l-as  already  been  stated  that  the  ore  is  passed  throufjh 
coarse  crushers  on  lt^  way  to  the  mill.  The  ■ 
in  using  motors  for  driving  crush-.T<  is  ^ 
great  amount  of  tine  dust  whu 
dry  crushing  operations.  Even  t 
generally  placed  in  separate  houses,  the  dust  manages  to 
find  Its  way  through  the  necessary  belt  and  shaft  openings, 
and  III  time  seriously  chokes  the  ventilating  passages  of  Ihc 
motors  and  gels  into  the  beanngs. 

The   work  of  the  onivhers   i*   ver\'   variable  and    inter- 
mittent, and    the    1         ' 
low,  when  a  scparau 

withstanding  this,  it  is  better  practice  to  use  sepaiate 
motors  for  each  crusher  than  one  larger  motor  for  several 
crushers,  as  it  not  infrequently  happens  that  the  luaximuiu 
cruslier  loads  occur  at  the  same  time.  There  arc  nol 
enough  crushers  employed  at  Ihc  individual  stations  lo 
give  anything  like  a  levcUing-out  of  the  load. 
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Workshops  and  VEXTii_»Tisa 

There  is  nothing  which  calls  for  any  mention  in  the  use 
of  electric  power  lor  these  services. 


-GEAR. 


;o  h  7>    and  N-!ow  .trc 


MOTXJH    t 

As  a  general  rule  all  : 
wound  for   52^  volts,  and   all   in 

2,100  volts.     Those  below  15  h.p.  a.  -     -    -^        ,  „ 

type,  and  thosc  above  of  the  slip-ring  type. 

Til  -    '1-  motors  are  started  by  switching 

the  >  the   mains.     In  the  future  it  is 


air  on  the  Hand  3  1*0951. 
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:^c  a  water  tank  with  Ihrre  dipping 
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plates  in  the  rotor  circuit  for  starting  purposes.  The 
stator  is  switched  directly  on  to  the  mains  witli  the  plates 
raised,  and  they  are  then  gradually  lowered  until  they  arc 
short-circuited  at  the  tank.  The  rings  are  then  short-cir- 
cuited on  the  motor  and  the  brushes  raised.  The  usual 
short-circuiting  arrangement  is  generally  so  defective  that 
in  many  cases  it  has  been  removed,  and  the  motor  run 
with  the  brushes  always  down  on  the  slip-rings. 

In  order  to  avoid  a  high  pressure  across  the  slip-rings 
on  starting  up,  cither  a  small  (high  value)  resistance  is 
connected  between  the  dipping  plates,  or  the  level  of  the 


m 


IMCHE-^   


Drainage  Coc* 


switch-houses  the  2,100-volt  switchgear  is  arranged  in  line 
at  one  end  and  the  525-volt  switchgear  in  the  same  line  at 
the  other  end.  In  right-angled  switch-houses  the  2,100-volt 
switchgear  is  arranged  on  one  side  and  the  S25-volt 
switchgear  on  the  other,  with  a  common  operating  passage 
between  them. 

The  arrangement  of  the  original  switchgear  was  very 
defective.  There  were  no  barriers  between  the  different 
sets  of  apparatus,  so  that  any  arcing  which  might  accident- 
ally occur,  either  in  a  switch,  transformer,  or  isolating  link, 
was   most   likely   to  spread   to  adjacent  apparatus.     The 
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Pressure  Gauge 
fjere 


Mancmttcr  - 


Fig.  9. — Orifice  for  Air  Measurement. 


liquid  is  so  arranged  that  the  tips  of  the  plates  are  always 
immersed. 

Maximum-current  and  no-volt  trip  coils  are  used  on  the 
oil  switches  of  all  slip-ring  motors,  and  of  larger  squirrel- 
cage  .notors  which  are  started  by  compensators.  For 
small  squirrel-cage  motors,  which  are  self-starting  when 
the  stator  is  switched  on,  fuses  only  are  used. 

Electric  Distribution. 

The  power  company's  electric  supply  is  given  at  normal 
pressures  of  2,100  volts  and  525  volts  at  the  consumers' 
terminals.  The  distribution  switch-houses  belonging  to 
the  mines  are  built  either  at  right  angles  or  parallel  to  the 
power  company's  transformer  houses,  and  the  supply  ter- 
minals are  brought  just  through  the  party  wall.    In  parallel 


busbars  were  quite  unprotected,  and  there  was  nothing 
either  to  prevent  the  attendant,  who  might  have  to  enter 
the  passage  behind  the  switchgear,  from  touching  any 
part,  or  to  save  him  from  falling  into  the  gear. 

The  need  was  obvious,  but  the  difficulty  was  to  provide 
a  remedy  without  interrupting  the  supply.  In  those 
switch-houses  which  had  any  vacant  space,  new  switchgear 
was  erected  at  the  end,  and  the  circuits  changed  over  one 
at  a  time,  so  that  as  an  old  switch  section  was  removed 
a  new  one  could  be  built  in  its  place.  In  other  switch- 
houses  an  extension  to  the  building  had  to  be  made  before 
anything  could  be  done.  The  whole  change-over  was  a 
long  process,  but  the  result  has  well  repaid  for  the  trouble. 

The  design  of  switchgear  now  in  use  in  the  majority 
of    the   switch-houses   is   shown   in   Fig.    10.     The   three 
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busbars  are  carried  in  brick  compartments  at  tlic  lop,  and 
a  separate  brick  cubicle  is  provided  for  each  line  of  switch 
parts.  The  front  slate  panels  are  2  ft.  wide  and  contain 
an  ammeter,  an  integrating  watt-hour  meter,  and  the 
switch  control  lever  with  its  overload  trip  coil.  No-voltage 
trip  coils  are  now  only  used  on  the  local  control  gear  of 
individual  motors.  They  were  provided  in  the  switch- 
houses  on  the  panels  of  the  original  gear,  but  were  soon 
removed.  The  openings  of  the  cubicles  in  the  passage  way 
at  the  back  are  covered  l->y  removable  frames  of  expanded 
metal. 

The  latest  form  of  switch-house  is  built  parallel  to  the 
sub-station,  and  Fig.  11  shows  the  design  of  svvitcligear 
emploved.  The  cubicle  arrangement  has  been  developed 
to  provide  isolated  sections  for  the  different  parts  of  the 
gear,  so  as  to  limit  the  result  of  any  accident  as  far  as 
possible.  The  cubicles  are  made  of  reinforced  concrete. 
The  new  arrangement  requires  more  space,  but  as  the 
security  of  the  whole  supply  depends  upon  the  reliability 
of  the  switchgear  the  little  e.Ktra  e.xpense  is  thoroughly 
warranted. 

The  oil  switches  first  used  had  been  provided  merely  on 
a  current-carrying  basis  for  the  full  load  of  the  circuit 
which  they  were  to  control.  This  is  a  very  common  but 
most  erroneous  practice,  because  it  is  so  often  forgotten 
that  an  automatic  switch  should  be  able  to  open  the  circuit 
with  safety  to  itself  under  the  worst  conditions,  which  will 
probably  be  a  short-circuit  on  the  cables  just  beyond  it. 
Frequent  switch  failures  naturally  followed.  The  rules 
now  are  :  (ii)  that  all  oil  switches  in  a  switch-house  shall 
be  of  the  same  size,  (6)  that  such  switches  shall  be  rated 
for  a  current  of  800  amperes  at  15,000  volts,  and  (c)  that  no 
difference  shall  be  made  between  the  equipment  of  cubicles 
for  2,100-volt  and  525-volt  circuits,  except  in  the  current 
transformers  and  the  meters.  Since  the  above  practice 
was  instituted,  trouble  in  switch-houses  has  practically 
disappeared. 

Three-core,  lead-covered  and  armoured  cables,  laid  in 
trenches,  are  universally  used  between  the  main  switch- 
house  and  the  various  sub-distribution  points  on  each 
mine.  The  points  are  arranged  to  suit  the  local  conditions, 
and  are  generally  interconnected  so  that  the  failure  of  any 
main  cable  does  not  stop  the  supply.  Link  cages,  without 
switches,  are  provided  at  the  sub-points,  so  that  the  sub- 
circuits  can  be  isolated  at  any  time  and  the  feeders 
interconnected  as  may  be  required.  The  largest  cable 
used  is  of  0-5  sq.  in.  section  per  phase,  and  a  separate 
panel  for  each  feeder  cable  is  provided  in  the  switch-house. 
Where  necessary  several  cables  are  run  from  the  switch- 
house  to  individual  link  cages,  and  are  operated  in 
parallel.* 

Troubles. 

Many  and  varied  troubles  have  been  experienced  since 
the  beginning  of  the  power  supply,  quite  apart  from  those 
which  can  be  laid  to  the  charge  of  the  power  company. 
They  have  been  very  costly  in  some  cases  and  very  annoy- 
ing in  all,  and  each  and  every  one  could  have  been  avoided. 
The  troubles  have  arisen  from  two  main  causes  :  (a)  faults 
in  design,  and  (b)  faults  in  manufacture. 

•  For  interesting  details  regarding  cable  systems  for  gold  mines,  see 
a  paper  on  "  Electrical  distribution  for  mines,"  by  Mr.  J.  W.  Anson, 
Transactions  of  the  South  African  Institute  of  Electrical  Engineers,  vol.  3, 
p.  igi,  igi2. 


[a)  Vaults  in  design. — The  want  of  stiffness  in  the  stator 
frame  of  some  3-phase  winding  motors  has  already  been 
mentioned.  It  has  been  found  both  in  low-speed  direct- 
coupled  motors  and  in  geared  motors.  The  fault  is  a  most 
serious  one  and  the  remedy  is  obvious. 

Some  makers  secure  the  stator  core  stampings  by  means 
of  dovetailed  strips  screwed  to  the  inside  face  of  the 
frame.  This  is  not  nearly  such  good  practice  as  to 
machine  dovetailed  slots  out  of  the  solid  metal  of  the 
frame,  into  which  the  dovetailed  projections  of  the 
stampings  fit,  as  there  is  always  the  risk  of  the  screwed 
strips  getting  loose  under  the  severe  racking  strains  to 
which  the  stator  of  a  winding  motor  is  always  subject. 

A  numtier  of  3-phase  winding  motors  were  supplied  in 
which  the  dovetailed  strips  were  "  secured"  by  means  of 
studs  with  nuts  on  the  outside  of  the  frame  within  the 
housing.  No  lock  nuts  or  even  spring  washers  were  pro- 
vided, and,  as  the  practice  of  the  makers  was  to  adjust  the 
air-gap  by  means  of  the  studs,  the  results  can  be  imagined. 

In  motors  by  the  same  maker  the  stator  and  rotor 
core-plates  were  clamped  sideways  by  bolts  passing  right 
through,  and  the  nuts  were  entirely  hidden  by  the  end 
loops  of  the  coils.  One  motor  was  delivered  in  which  the 
width  of  the  stator  core  was  iS-|  inches  on  one  side  and  only 
18  inches  on  the  opposite  side,  while  the  corresponding 
dimensions  of  the  rotor  core  were  iSj  inches  and  17!  inches. 
It  was  impossible  to  get  at  the  nuts  to  tighten  up  the  core- 
plates  without  first  removing  the  windings.  This  may  be 
considered  as  a  fault  in  manufacture,  but  had  the  design 
been  a  good  one  the  fault  could  not  have  occurred.  The 
proper  way  to  secure  core-plates  sideways  is  to  clamp 
them  between  stiff  end  plates  and  to  use  circumferential 
locking  keys. 

Cases  were  found  in  which  the  dovetailed  slots  were  so 
wide  that  packing  strips  had  been  inserted  to  keep  the 
core-plates  from  shaking.  When  complaints  were  made 
the  maker  asserted  that  it  was  not  possible  to  machine  so 
accurately  as  to  avoid  the  use  of  such  packings  ! 

It  is  the  practice  of  some  makers  to  make  semi-enclosed 
winding  slots  in  the  core  plates  by  first  punching  a  closed 
slot  and  then,  wlien  the  whole  core  has  been  clamped  up, 
to  cut  through  the  periphery  of  the  core  at  the  top  of  each 
slot  by  means  of  a  saw.  Quite  a  number  of  motors  have 
been  made  in  this  way,  and  it  was  found  that  the  result  of 
the  saw-cutting  was  to  spring  out  the  tips  of  the  teeth  on 
each  side  of  each  ventilating  space,  so  that  the  spaces  were 
almost  closed  in  many  cases.  It  was  only  by  taking  out 
the  rotor  that  the  fault  could  be  seen.  The  correct  way 
to  make  semi-open  slots  is  to  punch  them  out  at  one 
operation. 

Difficulties  were  experienced  in  many  cases  from  the 
type  of  distance  piece  used  to  form  the  ventilating  spaces 
in  the  stator  and  rotor  cores.  This  was  a  plain,  thin  steel 
strip,  placed  radially  on  edge  and  secured  to  one  of  the 
adjacent  core-plates  by  simple  riveting.  The  necessary 
pressure  used  in  clamping  up  the  core-plates  was  too 
much  for  many  of  the  distance  pieces  and,  instead  of 
remaining  firmly  at  right  angles  to  the  spaces,  they  bent 
over  and  partially  collapsed.  The  area  of  contact  between 
the  edge  of  the  strip  and  the  face  of  the  plate  was  in  most 
cases  found  to  be  too  small  to  take  the  pressure,  and  par- 
ticularly where  the  core  teeth  were  wide  the  teeth  at  the 
ventilating  spaces  were   badly  bent.     Distance  pieces  of 
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is  now  demanded   for  all    moderate-speed   motors,    and 
manufacturing  error%  are  not  accepted. 

A  serious  fault  with  many  3-phase  winding  motors  is  in 
the  sues  of  the  rotor  slip-rings  and  brushes.  Contact 
area^  which  are  large  enough  for  motors  in  which  the  shp- 
riiig>  are  short-circuited  and  the  brushes  lifted  as  soon  as 
full  -.[■Kred  i?  reached,  may  be  and  frequently  are  quite 
inMilticicnl  when  the  brushes  and  rings  are  in  use  the 
whule  lime.  A  current  density  of  not  more  than  60 
amperes  per  square  inch  should  he  the  maximum  for 
carbon  brushes. 

A  similar  fault  is  tolie  found  in  the  motors  and  gene- 
rators of  some  Ward  Leonard  winders,  and  in  this  case 
the  R  M.S.  rating  is  not  the  controlling  factor.  The  brush 
area  should  he  based  on  the  maximum  current  passing  on 
ac  J  the  winder,  which  current  is  frequently  twice 

II. 

short-circuiting  arrangeinenls  arc   gene- 
(->  ive  has  already  been  incnlnmed.    It  would 

appear  to  be  a  difticult  matter  to  design  them  so  that  a 
Urge  area  of  contact  can  be  provided  in  the  space  usually 
J'.  iii.il>le,  and  so  that  the  sliding  collar  which  carries  the 
ti>iitji.ls  can  be  accurately  centered  and  held  free  from 
slijki-  jiid  side  inovciiient  when  the  brushes  are  lilted.  A 
^'  (  the  difficult V  would,  however,  be  removed  if 

(  k^s    were    made   only    a   few    inches    larger    in 

<iii"'i''.  II'  fact  that  the  peripheral  speed  would  be 
iiic;..MN^ii  A.  iiiii  be  of  no  consequence,  as  the  bru!>be>  arc 
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temperature  rise  exceeding  30  degrees  C,  with  ibe  sur- 
rounding air  at  a  temperature  of  .'5  C.     This  corresponds 
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The  great  objection  which  most  makers  put  forward  to 
a  lower  tempeiature  limit  is  that  it  would  increase  the  com 
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motors  kept  in  stock  by  that  firm,  "  Output  plates  are 
cheap." 

Some  manufacturers  have  not  yet  learned  the  important 
lesson,  that  in  order  to  succeed  they  must  be  prepared  to 
supply  what  the  customer  wants  and  in  the  manner  that 
the  customer  wants  it,  and  not  try  to  prove  to  the  customer 
that  he  does  not  want  what  he  wants  but  what  the  manu- 
facturers make.  As  a  matter  of  fact  few  manufacturers 
make  any  real  attempt  to  find  the  requirements  of  any 
particular  market,  and  a  still  smaller  number  make  any  real 
attempt  to  meet  such  requirements.  Then  tliey  express 
surprise  w-hen  the  market  leaves  them. 

(b)  Fiitills  in  manufacture. — For  faults  in  design  there 
may  be  the  slight  excuse  that  the  designer  is  limited  in  his 
experience  of  the  particular  duty  that  will  be  required  of 
the  plant  which  he  is  designing.  For  faults  in  manufacture 
there  can  be  none.  What  then  can  be  said  of  the  under- 
mentioned list,  the  items  of  which  are  a  few  of  many  that 
have  come  under  the  personal  knowledge  of  the  author 
during  the  last  four  years,  and  all  of  which  occurred  in  the 
work  of  firms  of  world-wide  repute  ? 


Fig.  12. — Broken  Shaft  and  Broken  Brake  Pin. 

In  one  case  the  several  sections  of  a  cast-iron  bedplate 
of  an  electric  winder  would  not  fit  together,  even  by 
persuasion,  although  the  maker  seriously  stated  that  they 
had  been  perfectly  fitted  in  his  shops.  Doubtless  the. 
higher  temperature  and  relative  dryness  of  the  atmosphere 
on  the  Rand  had  something  to  do  with  it. 

The  shaft  of  a  loo  h.p.  motor,  driving  a  tube  mill,  broke 
off  just  outside  the  coupling.  The  method  of  manufacture 
can  only  be  guessed  at  from  the  right-hand  object  in  Fig.  12. 
The  shaft  had  layers  just  like  an  onion,  and  these  layers 
had  apparently  been  wound  on  spirally  and  then  welded 
together. 

A  steel  pin,  3  in.  diameter,  supplied  for  part  of  the  brake 
gear  of  an  electric  winder,  shov.-edone  or  two  surface  flaws 
when  inspected  on  delivery.  A  slight  blow  with  a  hammer 
broke  the  pin  in  halves,  with  the  result  shown  in  the  left- 
hand  object  in  Fig.  12.  It  proved  to  be  made  of  cast  steel 
instead  of  forged  steel,  with  a  blowhole  covering  almost 
the  full  diameter.  When  it  is  remembered  that  men's  lives 
would  in  all  probability  have  been  lost  when  the  brakes 
had  been  applied  a  few  times,  some  idea  of  the  seriousness 
of  the  case  will  be  obtained. 

The  instance  of  the  3-phase  winding  motor  in  which  the 


dovetails  were  adjusted  from  outside  has  been  mentioned. 
As  no  spring  wasliers  were  supplied  an  attempt  was  made 
to  make  the  nuts  more  secure  by  using  them,  and,  for  this 
purpose,  the  nuts  were  removed  one  at  a  time.  On  taking 
off  one  of  the  nuts  the  bolt  end  came  away  with  it,  and 
on  examination  it  was  found  that  the  original  bolt  was  only 
projecting  through  the  stator  frame  for  a  depth  of  about 
two  threads.  A  short  bolt  end  had  been  screwed  into  the  top 
of  the  nut  to  make  it  appear  sound  from  the  outside. 
There  could  be  no  mistake,  as  the  two  abutting  ends  did 
not  in  any  wa}'  match. 

Trouble  had  been  experienced  with  the  stator  coils  of 
some  3-phase,  2,000-volt  winding  motors,  and  the  external 
taping  of  some  of  the  end  loops  was  removed.  It  was 
found  that  the  slots  were  only  three-quarters  filled  with 
wires,  the  rest  of  the  space  being  empty.  To  make  it 
appear  that  everything  was  all  right,  pieces  of  tape  had 
been  carefully  screwed  up  and  pushed  for  a  short  distance 
into  the  slots.  These  pieces  were  gradually  tapered  off 
where  they  followed  the  coil  out,  so  that  the  external 
wrapping  of  tape  gave  a  smooth  finish  right  up  to  tlie  core. 
Every  other  motor  of  the  same  size  and  make  was  then 
examined  and  found  to  be  in  a  similar  condition.  It  cost 
the  maker  a  considerable  sum  to  make  the  motors  even 
passably  right. 

All  stator  coils  for  2,000-volt  motors  are  now  required  to 
be  either  semi-  or  completely  former  wound,  and  to  fill 
the  slots  completely. 

The  most  costly  trouble  to  either  of  the  mines  was  the 
case  of  the  breakdown  of  the  motors  of  two  large  Ward 
Leonard  winders,  which  failed  from  the  same  cause  within 
a  few  hours  of  each  other,  and  completely  shut  down  a 
large  shaft  for  four  or  five  days.  The  winder  shown  in 
Fig.  5  is  not  referred  to,  as  it  was  not  ordered  at  the  time. 
The  spaces  between  the  turns  of  the  main-circuit  coils  on 
the  au.xiliary  field  poles  had  been  filled  up  with  some  kind 
of  pitch,  and  the  whole  was  taped  over.  The  armatures 
had  open  slots  without  wedges,  and  the  coils  were  held  down 
by  a  number  of  steel-wire  bands.  These  bands  broke 
away  on  two  of  the  motors,  some  of  the  coils  came  out, 
and  very  bad  breakdowns  resulted. 

When  the  top  halves  of  the  field  magnet-systems  were 
removed,  lumps  of  hard  pitch  were  noticed  on  the  faces  of 
the  auxiliary  poles,  and  these  showed  heavy  scoring  marks 
where  they  had  rubbed  on  the  armature  bands.  An 
examination  of  what  was  left  of  the  bands  showed  that  the 
first  layer  had  been  rubbed  right  through  in  some  places. 
There  could  be  no  doubt  that  the  pitch  inside  the  coils  had 
melted  and  run  down,  that  it  had  set  hard  during  the  night 
and  that  when  the  winders  were  started  up  in  the  morning 
the  wearing  of  the  bands  began.  A  further  examination 
showed  the  original  source  of  the  trouble.  The  external 
connections  between  the  auxiliar}'  pole  coils  had  been  care- 
fully taped  up  by  the  maker  before  the  motors  were 
delivered.  They  were  found  to  have  been  made  as  shown 
at  the  top  of  Fig.  13.  The  windings  consisted  of  four  copper 
tapes  in  parallel,  and  the  cross-connections  from  pole  to  pole 
were  made  up  from  similar  tapes.  Each  set  of  four  had 
been  bunched  together,  one  set  was  laid  on  the  other  with 
a  copper  plate  at  the  top  and  bottom,  and  four  countersunk- 
headed  screws,  \  in.  diameter,  were  used  to  draw  the 
parts  together  by  a  screwdriver.  The  surfaces  of  the 
tapes  had  been  left  dirty,  the  burrs  made  by  the  drilling 
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Fio.  ij. — Connections  on  Winding  Motur. 

Many  other  instances  of  bad  work  could  be  cited,  but 
the  above  examples  are  characteristic  and  serve  to  show 
what  even  big  lirms  will  sometimes  do  if  they  are  not 
carefully  watched. 

The  Usk  of  Compressed  Air  by  the  Mines. 

T' 'v  of  compressed  air  from    very   lar^e  com- 

prtr-  <ns,  and  its  distribution  over  a  wide  area, 

arc  t::u)..u>cd  for  the  I'irst  time  in  connection  with  the 
mines  of  the  Central  Minin^-Kand  Mines  group.  To 
the  authors  ;  r,  Mr.  \.  M.  Robeson,  belongs  the 

whole  credit  :  unovatiun,  which  has  been  so  suc- 

cessful in  practice. 

The  problem  lias  called  into  existence  steam  and  elec- 
trically-driven turbo-compressors  of  a  size  quite  beyond 
previous  experience.  Three  of  the  steam-driven  com- 
pressors now  in  use  have  a  capacity  of  2,ifoo  lb.  uf  air  per 
minute  at  100  lb.  gauge  pi<  J  require  7,000  kw. 

each  to  drive  them.     The  >.  11  pipes  vary  in  si/c 

:i.  to  27I  in.  diameter,  with  an  approximate  total 
I  28-4  miles  and  a  capacity  of  about  310,000  cubic 
ieet.  At  loo  lb.  gauge  pressure  the  pipe  system  will  hold 
about  90  (short)  tons  weight  of  compressed  air,  and  such  a 
Urge  receiver  capacity  must  liave  a  material  cdect  in 
.'.^  iu  the  supply  ciuA'e,  thus  relieving 
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no  small  ones,  were  at  once  evident. 

Compressed  air  is  used  chiefly   und--/- '     ■■■■'.   for 
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will  be  evident  that  many  miles  ol  air  pipes  are  rc<juued 
in  most  of  the  mines,  wiiile  the  pipe  joints  will  number 
many  thousands. 

It  Is  very  difAcult  to  keep  the  joints  of  undergroood  air 
pipes  tight,  and  when  it  is  rcalued  thai  al  the  lurooicter 
pressure  on  the  Ka:    '  '  J  in. 
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all  air-pipc  lines  and  joints  is  periodically  made,  while  the 
dailv  readings  of  the  various  air  mcl<:rs  serve  »s  a  gcocral 
check. 

There    are    about    3,500    c  '  '    '    "     . 

machines  in  dailv   use  in  the 


of  the   projecting  piston  rod,  and   reciprocates   rapidly 
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backwards  and  forwards  under  the  pressure  of  the  air,  the 
direction  of  which  is  controlled  by  a  small  automatic 
valve.  Several  hundred  strokes  per  minute  arc  obtained 
at  full  air  pressure,  and  the  drill  and  piston  are  automatically 
rotated  at  a  comparatively  slow  rate  by  means  of  a  rifled 
bar  and  ratchet.  The  machine  is  mounted  on  a  portable 
carriage,  not  unlike  a  small  lathe  bed,  and  the  rapidit}'  and 
strengtli  of  tlic  blow  arc  varied  bv  regulating  the  air  stop- 
valve. 

In  the  hammer  machine-drill  tlic  piston  is  not  connected 
to  the  drill,  but  reciprocates  freely  within  the  cylinder. 
On  its  forward  stroke  it  strikes  a  heavy  blow  on  a  loose 
steel  block  or  anvil  at  the  end  of  the  cylinder,  to  which 
the  drill  is  secured,  and  this  acts  as  a  hammer  at  the  end 
of  the  drill.  The  drill  is  kept  hard  up  against  the  rock  all 
the  time. 

Piston  machine-drills  are  generally  much  lieavier  than 
hammer  machine-drills,  and  each  class  has  its  own  special 
qualities  which  fit  in  for  certain  positions  and  types  of 
■work.  They  each  have  a  similar  property  of  wasting  air 
unless  they  are  well  made  and  well  looked  after. 

From  the  character  of  their  work  rock  machine-drills 
are  subject  to  very  rough  usage,  but  will  operate  success- 
fully even  with  the  pistons  and  cj'linders  badly  worn, 
the  only  result,  and  one  which  does  not  appeal  to  the 
miner,  being  an  abnormal  consumption  of  air  for  the  work 
done.  So  long  as  a  machine-drill  will  continue  to  drill, 
the  average  miner  will  continue  to  use  it  and  generally 
only  sends  it  to  the  surface  for  overhauling  and  repairs 
when  some  part  or  other  is  either  worn  out  or  broken. 
Under  these  circumstances,  and  until  means  were  available 
for  accurately  measuring  the  air,  it  was  not  surprising 
that  the  air  consumption  was  very  heavy. 

By  developing  a  system  of  machine-drill  maintenance, 
originally  introduced  at  Village  Main  Reef,  Ltd.,  by  Mr. 
W.  Calder,  the  resident  engineer,  and  applying  it  on  all 
the  mines  of  the  group,  very  substantial  savings  have  been 
made  in  the  amount  of  air  used  by  the  drills,  etc.,  which, 
coupled  to  the  savings  made  by  stopping  leaks,  etc.,  have 
liad  the  effect  of  reducing  the  air  units  per  equivalent  work 
done  from  loo  per  cent  in  191 1  to  about  63  per  cent 
in  1914. 

All  new  machine-drills,  of  say  3J  in.  standard  bore, 
are  now  ordered  with  cylinders  bored  3  in.  diameter 
and  with  pistons  3^  in.  diameter.  As  the  cylinders  and 
pistons  wear,  the  former  are  bored  out  in  steps  of  1/32 
inch  and  the  latter  are  ground  down  in  similar  steps. 
The  new  drills,  with  small  cylinders,  are  first  fitted  with 
old  pistons  which  have  been  reduced  to  the  limiting 
minimum  diameter,  while  the  new  pistons  are  first  fitted 
into  old  cylinders  which  have  been  bored  out  to  the 
limiting  maximum  diameter.  The  same  procedure  is 
adopted  with  the  valve  chests,  valves,  etc. 

Each  drill,  whether  it  apparently  requires  examination 
or  not,  is  brought  to  the  surface  in  turn  at  short  periods 
and  taken  to  the  drill  shop.  It  is  there  thoroughly  over- 
hauled, all  defective  parts  are  made  good,  and  particular 


attention  is  paid  to  the  cylinder,  piston,  and  valve.  The 
cylinder  (or  valve  chest)  of  any  drill  in  which  the  piston 
(or  valve)  is  more  than  1/500  in.  slack  is  reamered  out 
to  the  next  standard  size,  and  is  fitted  with  a  piston  (or 
valve)  which  has  been  ground  down  to  suit. 

Thus,  as  the  cylinders  and  valve  chests  get  larger  and 
the  pistons  and  valves  smaller,  they  are  changed  about  so 
as  to  work  through  the  range  of  sizes,  and  by  this  means 
the  parts  have  a  maximum  life,  and  once  in  about  every 
three  months  are  certain  of  fitting  within  1/500  inch. 

Before  the  drills  arc  again  passed  for  service  they  arc 
tested  at  full  air  pressure  with  a  meter  in  circuit,  and  any 
drill  which  takes  more  than  a  fixed  quantity  of  air  per  hour 
is  put  back  for  further  examination  and  is  not  allowed  to 
go  into  the  mine  until  it  is  satisfactory. 

The  drill  fitter  on  each  mine  works  under  contract,  and 
has  to  maintain  all  the  drills  up  to  a  certain  standard  at  a 
stated  price  per  machine-drill  shift.  The  system  has  been 
in  operation  most  successfully  for  over  two  years,  to  the 
advantage  both  of  the  drill  fitter  and  the  mine.* 

Air  is  used  in  small  quantities  for  a  few  winches  and 
pumps,  in  places  where  it  is  not  convenient  to  carry  electric 
cables  and  where  pipes  are  already  in  existence,  as  well  as 
for  operating  the  doors  of  rock  chutes,  etc.  For  a  short 
time  each  day  fairly  large  quantities  are  used,  after  blast- 
ing, for  blowing  out  the  workings,  particularly  in  dead 
ends  and  those  parts  of  the  mines  where  good  ventilation 
is  difficult.  Much  more  attention  is  now  being  paid  to 
mine  ventilation  than  in  the  past,  and  as  the  systems  are 
made  more  perfect  less  compressed  air  will  be  required 
for  removing  the  blasting  fumes.  It  must  be  remembered 
that  the  exhaust  of  every  working  machine-drill  is  dis- 
charging fresh  air  into  the  mine. 

Conclusion. 

The  author  feels  that  he  has  not  done  proper  justice  to 
his  subject,  but  to  deal  with  the  matter  exhaustivclj'  would 
have  required  a  book  and  not  a  paper.  In  conclusion  he 
wishes  to  place  on  record  Iiis  appreciation  of  the  high 
engineering  ability  displayed  by  his  predecessor,  Mr.  A.  M. 
Robeson,  in  the  negotiations  which  led  to  the  signing  of 
the  power  contract  and  the  formation  of  the  Rand  Mines 
Power  Supply  Company,  Ltd.,  and  in  preparing  the  scheme 
for  the  utilization  of  electric  and  air  power  on  the  mines, 
the  details  of  which  the  author  has  been  privileged  to 
amplify  and  carry  out.  Also  to  express  his  thanks  to  all 
the  members  of  his  staff,  both  present  and  past,  for  loyal 
and  unstinted  service,  and  particularly  to  Mr.  E.  G.  Izod 
(who  has  succeeded  him  as  Consulting  Electrical  and 
Mechanical  Engineer  to  the  Central  Mining-Rand  Mines 
Group)  and  Mr.  E.  J.  Laschinger,  M.Sc,  whose  know- 
ledge of  the  intricate  details  of  the  power  contract  and  the 
use  of  compressed  air  has  been  of  the  utmost  value. 

*  For  valuable  information  re  roclt  drills,  see  paper  on  "  Air  con- 
sumption and  maintenance  costs  of  rock  drills,"  by  Messrs.  E.  G. 
Izod  and  E.  J.  Lascliinger,  Proceedings  of  the  South  African  Institute  of 
Engineer,  vol.  12,  p.  81,  1913. 
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with  the  rescrxT  ln^talled  the  supply  ha>  liccii  quite 
reliable.  I  think  the  success  attained  by  the  purchase  of 
{sower  by  such  an  imporiaiit  consumer  should  show  to 
mar"  ■  ■vrr  user  the  advantages  of  electric  drive  and  ol 
pui .  iwer  whenever  a  suitable  supply  is  available. 

Mo>t  ol  ~    plant,  especially  the  winding  plant, 

was  sck  L'  author  arrived  on  the  Kaiid,  and 

it  was  ut  a  lypc  which  was  not  the  nio^t  suitable  (or 
steady  operation  of  tlie  supply,  the  idea  apparently  having 
been  to  save  the  consumer  a  rclativly  small  amount  of 
capital,  perhaps  about  4  per  cent,  although  the  result  was 
to  increase  the  total  investment  needed  to  provide  and 
utilize  the  supplv.  As  the  consumer  in  this  case  is  under 
no  obligation  when  selecting  its  plant  to  consider  the 
efii>  .mg  of  the  supply  sy>tcm— an 

ohl..  .     .   or  unusual  in  a   contract   of 

such      t:  -ihc     fKfwer     company    is    permitted 

reasonal  :e  in    regard  to   the    steadiness   of    the 

supply.  The  company  therefore  adopts  the  best  practice, 
in  the  present  state  of  the  art,  to  furnish  the  supply,  and  the 
consumer  treats  the  supply  in  whatever  manner  it  pleases, 
the  demand  frequently  fluctuating  many  thousands  of  kilo- 
watts. I  see  that  the  author  wishes  that  the  supply  were 
given  without  any  appreciable  variation,  in  spite  of  any 
treatment  to  which  his  clients  may  subject  the  system, 
but  I  expect  he  really  knows  that  such  an  obligation  on  the 
po«cr  cotiirany  would  under  the  circumstances  have  been 
ont  :  unfair.     Further,  I  expect  that  fewer  direct 

will J,,  ...d  have  been  installed  had  the  author  specified 

the  plant  ;    and   in  my  opinion  this  would   have   led   to 

even   better  results,  both  commercially   and    tt    ' 

to  both  parties.     The  engineering  difficulties  c: 

^y   '  l;  the  air  supi 

to  :  :nc  from  the  ^ 

poii'i  i.i   view,  but  the  satMaclion  of  the  consumer  over 

the   great   economy   in   air   consumption   effected   owing 

It.  till-  genius  of  the  author  is  not  felt  to  the  same  extent  by 

the   i«ower  company  who  installed  plant  to  give  the   full 

supply  noti6ed  by  the  Rand  Mines,  thereby  increasing  its 

costs  and  financial  responsibilities.    In  conclusion  I  should 
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suggestion  :  but  from  the  user  s  point  of  view — and  I  take 
It  that  it  is  from  the  user's  point  of  view  the  paper  is 
written — there  is  considerable  advantage  in  installing  a 
Ward  Leonard  winder,  even  though  it  nvay  cost  a  little 
more  in  capital  outlay.  It  seems  to  me  that  the  control 
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.1    the    paper  " 
One  would  like  to  know  why  ovei  v,  .  vices  receive 

such  a  small  amount  of  praise.  \V  .: .'v  close  head- 
room shown  in  one  ot  the  slides  it  w\iuld  appear  that 
overwinding  devices  would  have  been  u^rlul  if  the  dnver 
forgot  to  apply  the  brakes  at  the  right  time.  With  regard 
to  shaft  pumping,  can  the  author  give  us  any  idea  what 
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Mr. 
Shepherd. 


Mr.  Sparks. 


is  the  limiting  head  at  which  the  large  multi-stage  pumps 
work  satisfactorily  ?  It  is  certainly  only  a  matter  of  some- 
thing like  20  to  25  years  ago  since  a  centrifugal  pump 
of  any  design  was  not  considered  suitable  for  even  a 
moderate  lift  of  only  100  feet  ;  and  now  we  have  descrip- 
tions in  this  paper  of  centrifugal  pumps  with  lifts  of 
thousands  of  feet.  Coming  to  a  matter  on  which  most 
of  us  have  a  good  deal  of  experience,  that  is  plant  troubles, 
I  notice  that  the  author  refers  to  the  old  familiar  trouble  of 
soft  cores  due  to  ventilating  vanes,  either  of  insulTicicnt 
strength  or  of  insufficient  thickness.  I  am  rather  sur- 
prised that  nothing  has  been  said  about  trouble  from 
unsuitable  insulation  and  dust,  especially  after  seeing  the 
dust}'  situations  shown  on  the  lantern  slides  where  some  of 
the  motors  are  installed.  May  we  take  it  that  practically 
no  trouble  has  been  experienced  from  either  of  those 
causes  ?  If,  however,  that  is  not  so,  how  was  it  over- 
come ?  The  author  said  that  a  drive  of  a  very  high  ratio 
could  not  be  arranged  with  only  one  spur-gear  reduction. 
It  is  very  obvious,  I  think  ;  the  ratio  is  too  high  on  the 
gearing  shown  on  the  screen.  Was  worm  gear  ever  tried  ? 
Why  did  the  author  go  to  belt  driving  ;  was  it  to  get  an 
elastic  medium  between  the  source  of  supply  and  the 
work,  or  was  it  merelj'  to  reduce  the  high  ratio  of  a  single 
spur  gear  ?  Dealing  with  the  defective  winding  which  the 
author  describes  as  consisting  partly  of  conductors  and 
partly  of  rolled-up  tape  inserted  inside  the  insulating  tube, 
we  should  all  like  to  know  whether  tliat  work  was  British 
or  foreign.  With  reference  to  the  question  of  the  heating 
of  motors  with  low  atmospheric  pressure,  would  the  author 
say  whether  the  rise  in  temperature  varies  exactly  in  the 
inverse  ratio  to  the  air  density.  One  would  imagine  that 
it  did,  but  the  author's  experience  would  be  useful,  as 
indeed  are  all  his  remarks  when  the  Institution  is  so 
fortunate  as  to  hear  him. 

Mr.  C-  P.  Sp.^rks  :  It  shows  the  great  vitality  of  this 
Institution  when  the  first  act  of  a  leading  member  on 
returning  to  this  countr)',  after  having  been  away  for  four 
or  five  years,  is  to  come  before  his  fellow  members  and 
tell  them  what  he  has  been  doing,  and  to  add  to  their 
knowledge  by  giving  a  detailed  description  of  this  im- 
portant undertaking.  With  regard  to  winders,  the  author 
adds  considerably  to  my  knowledge,  and  I  think  to 
that  of  a  great  number  of  the  members,  b}'  bringing 
clearly  before  us  the  characteristics  of  continuous-current 
and  3-phase  winders,  especially  with  regard  to  control. 
I  gather  that  the  larger  winders  are  all  of  the  Ward 
Leonard  type-.  If  that  is  the  case,  it  seems  that  the 
author  has  found  out  exactly  what  we  have  found  out 
here,  namely,  that  while  3-phase  motors  of  moderate  size 
can  be  efficiently  controlled,  the  difficulties  of  control  are 
greatly  increased  in  the  case  of  the  larger  sizes.  The 
paper  entirely  bears  out  my  view,  that  when  we  come  to 
these  big  winders  we  must  use  the  Ward  Leonard  system 
in  order  to  get  the  best  results  for  both  the  user  and 
supply  company.  Up  to  the  present  I  have  only  employed 
the  liquid-resistance  method  of  control  for  alternating- 
current  motors.  The  motors  are  of  moderate  power 
compared  with  those  mentioned  by  the  author,  the  biggest 
being  about  1,000  b.h.p.  One  difficulty  of  liquid  con- 
trollers is  referred  to  on  page  617,  where  the  author  tells 
us  that  he  has  substituted  metallic  resistances  controlled 
by  contactors,  and  under  (c)  that  "  the  full  speed  of  the 


motor  is  obtained,  as,  when  the  last  rotor  switch  Mr  Sp: 
closes,  the  rotor  is  metallically  short-circuited."  That 
is  of  enormous  advantage,  liecause  even  with  more 
moderate  rotor  pressures  than  those  he  mentions,  it 
is  impossible  to  work  with  a  less  slip  with  liquid  re- 
sistances than  about  10  per  cent,  and  I  think  the  paper 
will  have  a  great  effect  upon  the  future  method  of 
control  of  such  motors,  that  is  to  say  wo  shall  adopt 
his  method  of  using  metallic  resistances  and  the  con- 
tactor system.  Then  I  should  like  to  ask  a  question  with 
reference  to  the  pumping.  The  author  states  that  the 
development  of  high-lift  centrifugal  pumps  was  only 
taken  up  on  the  Rand  in  191 2,  the  pumping  plant  elec- 
trically driven  being  of  30,000  horse-power.  I  should 
like  to  know  approximately  what  percentage  of  the  total 
pump  power  the  high-lift  centrifugal  represents,  as  it 
appears  unlikely  that  the  author  has  converted  anything 
like  30,000  horse-power  within  the  last  2  years.  In 
Europe  long  before  1912  we  were  working  pumps  of 
1,000  and  1,100  horse-power  against  heads  of  upwards  of 
2,000  feet.  The  conditions  in  coal  mining  are  very  different 
from  those  in  metalliferous  mines.  For  instance,  ventilation 
is  on  quite  a  different  scale.  Ventilation  is  a  very  important 
matter  in  coal  mines,  not  only  because  the  men  require  air 
when  working  in  a  high  temperature,  but  also  for  sweeping 
away  gas.  On  the  Rand  they  have  not  to  bs  so  particu- 
lar about  ventilation  as  there  is  no  gas  to  deal  with,  but 
at  the  same  time  I  think  the  efficienc}'  of  the  labour 
would  be  improved  if  more  attention  were  paid  to  this 
matter.  On  page  625  of  the  paper  only  a  line  and  a  half 
is  devoted  to  ventilation.  With  regard  to  the  question  of 
regulation,  on  page  610  the  author  refers  to  the  disadvan- 
tage which  the  users  have  experienced  owing  to  the 
wide  limits  of  pressure  and  frequency  allowed  under  the 
contract  for  the  supply  of  power.  So  far  as  frequency  is 
concerned,  in  England  we  have  a  Board  of  Trade  Regula- 
tion of  2J  per  cent  up  and  down.  That  is  sufficiently  wide 
that  if  it  were  reconsidered  I  think  i  per  cent  could  be  taken 
as  a  practical  standard.  There  is  no  necessity  for  such  wide 
limits.  Then  with  regard  to  the  pressure  regulation,  the 
Board  of  Trade  Regulations  for  Power  Companies  require 
a  minimum  pressure  to  be  declared  with  a  maximum  rise 
of  i2|-  per  cent.  I  do  not  think  that  the  successful  results 
that  have  been  achieved  in  South  Africa  could  have  been 
obtained  if  the  power  company  had,  except  on  exceptional 
occasions,  taken  advantage  of  a  clause  allowing  limits  of 
+  or  — 10  per  cent.  The  author,  in  referring  to  frequency, 
points  out  the  great  disability  that  the  users  have  been 
under,  but  no  details  are  given  of  the  difficulties  with 
large  pressure  variation.  If  the  pressure-variation  clause 
had  been  taken  full  advantage  of  he  could  not  have 
worked  at  such  a  high  power  factor.  If  the  average 
povi'er  factor  is  77  per  cent,  the  pressure  must  be  nearer 
the  standard  than  is  suggested  by  a  pressure  variation  of 
10  per  cent  up  or  down.  I  should  like  to  differ  from 
what  the  author  says  on  page  618  about  "  Wake  up, 
England  ! "  I  think  he  should  not  have  made  that  refer- 
ence. Under  normal  conditions  the  enquiry  referred  to 
would  have  arrived  in  England  in  August.  England  woke 
up  very  early  in  August  in  regard  to  matters  material  to 
the  future  of  our  Empire. 

Mr.  P.  V.  Hunter  :  There  are  only  one  or  two  questions  Mi. Hi 
that  I  wish  to  ask,  and  I  do  not  think  there  is  anything 
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three  instruments  on  the  one  set  of  trans/omiers.  The 
general  conclusion  which  I  have  reachtrd  with  regard 
to  this  paper,  taken  as  a  whole,  very  much  endorses  the 

lorth  of  KiigLinil,  ii.uiicly,  that 
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ment.    I   hope  the   paper  will  bring  that  fact  home  to  a 
number  of  consumers,  in  particular  those  who  take  power 
supply  from  power  companies. 
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Dr.  Railing,  some  of  the  requirements  that  come  liomc,  and  one  docs 
not  quite  l;no\v  wliether  to  meet  them  or  reject  them.  I 
can  only  s;iy  that  the  author  will  find  now  he  has  come 
home  that  matters  have  altered  very  greatly  during  the  last 
few  years.  If  .requirements  are  studied  as  carefully  as  he 
has  studied  them  at  the  Rand  ;  if  all  specilications  are 
drawn  up  so  much  to  the  point  as  I  know  the  Rand  Mine 
specifications  are  drawn  up  ;  if  he  bears  in  mind  that  all 
big  organizations  now  have  as  their  representatives  abroad 
engineers  instead  of  salesmen  ;  and  if  he  also  remembers 
lliat  most  British  firms  to-day  are  not  controlled  solely  by 
commercial  men,  but  have  engineers  in  the  most  im- 
portant positions  on  their  councils,  I  am  sure  the  author 
will  come  to  the  conclusion  that  the  spirit  to  which  he 
refers  no  longer  prevails,  and  that  manufacturers  are  only 
too  anxious  to  meet  the  reasonably  expressed  requirements 
of  engineers  like  himself.  In  conclusion,  I  should  like  to 
refer  to  a  point  that  Mr.  Shepherd  mentioned,  viz.  that  the 
number  of  units  taken  by  the  Rand  mines  is  greater  than 
the  total  number  of  units  sold  in  the  London  area.  I 
understand  that  the  latter  number  is  more  than  i,ooo 
million,  including  the  railways  and  tramways,  and  I  should 
like  the  author  to  state  whether  the  figure  for  the  Rand 
mines  is  smaller  or  greater. 
Mr.  Mr.  R.  H.iMMOXD  :  It  has  been  my  lot  to  regard  this 

;  subject  more  from  the  generating  point  of  view  than  from 
that  of  the  consumer.  I  well  remember  that  day  in  Johan- 
nesburg in  1905  when  I  read  a  paper  before  the  Engineering 
Section  of  the  British  Association  •■■  on  the  distribution  of 
electricity  on  the  Rand,  when  I  was  bold  enough  to  advo- 
cate— it  was  not  m}'  own  idea,  and  it  was  obvious  to  every 
thoughtful  engineer  that  it  must  eventually  take  place — the 
great  advantages  that  would  accrue  from  a  central  supply 
of  electrical  energy  for  the  varied  uses  of  the  Rand  mines. 
It  was  not  left  to  England  to  start  that  scheme,  though 
it  fell  to  an  Englishman,  Mr.  Hadley,  to  take  the  lion's 
part  in  making  it  the  huge  success  that  it  has  attained. 
One  of  the  points  upon  which  I  laid  stress  in  my 
British  Association  paper  was  the  great  advantage  that 
would  result  from  the  diversity  factor,  and  that  is  the 
point  that  specially  appeals  to  me  in  connection  with  this 
paper.  It  contains  some  very  remarkable  figures  in  regard 
to  diversity  factor,  and  I  should  like  to  draw  attention  to 
them.  The  author  says  that  the  total  horse-power  of  the 
motors  is  142,300,  and  the  maximum  demand  is  47,300 
kilowatts.  One  speaker's  remarks  seemed  to  imply  that 
this  paper  summarized  the  requirements  of  the  whole  of  the 
Rand  mines,  but  as  a  matter  of  fact  it  only  deals  with  the 
company  with  which  the  author  iS  associated.  Consider, 
for  instance,  the  winders  ;  there  are  6g  winders  with  a 
total  capacity  of  57,000  horse-power.  I  was  confronted  in 
Johannesburg,  when  I  read  my  paper,  with  the  argument 
that  generating  plant  would  have  to  be  installed  of 
sufficient  capacity  to  cope  with  the  whole  of  the  winders, 
on  the  basis  of  the  whole  of  them  being  possibly  in 
operation  at  once.  This  view  I  strongly  contested. 
Diversity  factor,  however,  obviously  comes  to  the  aid  of 
such  a  concern  as  this,  as  Mr.  Rider's  figures  so  abundantly 
prove. 
Mr.  Fasola.  ^^'''  J-  J-  Fasola  ;  I  regret  that  the  author  has  encoun- 
tered difficulties  in  setting  before  us  a  comparison  of  costs 
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between  Ward  Leonard  and  3-phase  winders,  and  that  in  Mr 
a  practically  unique  case  like  this  where  electrical  winding 
is  carried  out  on  such  a  large  scale  tlicre  do  not  appear  to 
be  available  any  energy  consumption  figures  or  interest, 
depreciation,  and  upkeep  costs  per  shaft  horse-power  on 
the  electrical  equipment  of  the  two  systems.     It  is  already 
a  strong  argument  for  the  electrical  conversion  of  steam 
winders  to  refer  to  what  has  been  done  so  successfully 
as  described  in  this  paper,  but  it  would   be  a  still  more 
potential  argument  to  be  able  to  refer  to  practical  energy 
consumption  figures,  such  as,  for  instance,  some  statement 
to  the  effect  that  the  energy  consumptions  measured  during 
normal  winds  per  "short"  ton  raised  1,000  feet  vertically 
range  between,  say,  i\  units  and  2  units,  with  an  average 
of  say  1 1^  units.     By  simple  multiplication  with  the  price 
per  unit  of  the  local  supply  authority  a  sufficiently  attractive 
idea  of  the  cost  of  electrical  winding  could  be  obtained  to 
induce  engineers   to  carry  out  further   investigations   b)- 
means  of  diagrams.     The   author   refers   on  page  613  to 
R.M.S.  rating.     There  appears  to  be  a  considerable  diversity 
of  opinion  among  manufacturers  as  to  whether  the  equiva- 
lent continuous  rating  of  the  motors  at  full  speed  should  be 
the   R.M.S.  diagram   output   taken  over  the  running   and 
stopping  periods,  or  whether  more  or  less  large  marginal 
corrections  should  be  made  for  the  reduced  ventilation  during 
acceleration,  retardation,  and  stops.    It  would  be  interesting 
to  know  the  Rand  practice  in  this  respect.     In  connection 
with  the  improved  design  of  liquid  controller  mentioned 
in  the  paper,  it  is  explained  on  page  617  that  "the  elec- 
trodes should  be  at  a  safe  distance  apart  when  the  rotor 
voltage  is  high  and  the  current  low."     Judging  from  anv 
typical  torque  diagram,  especially  where  self-dumping  skips 
are  used,  I  should  imagine  that  at  the  moment  of  starting, 
with  full  voltage  across  the  rotor,  the  rotor  current  would 
be  a  maximum,  not  low,  and  that  during  counter-current 
retardation  on  the  other  hand  the  current  would  be  usually 
relatively  low  and  increase  slightly  as  the  pressure  decreases 
from  double  to  about  full  voltage.   This  seems  theoretically 
to  complicate  the  conditions  with  a  single  set  of  electrodes. 
It   occurs  to  me  that  instead  of  using  two  tanks  and   a 
change-over  rotor  switch   it  might  be  feasible  to  arrange 
two  sets  of  differently-spaced  straight  rods  in  one  tank 
connected  in  parallel  during  starting,  and  to  arrange  for 
the  one  set  of  starting  electrodes  to  be  simply  disconnected 
from  the  circuit  by  means  of  a  double-grip  lever  during 
counter-current  braking.    In  comparing  the  'Ward  Leonard 
and  3-phase  controls  the  author  does  not  deal  with  the 
great   advantage   of    the    Ward    Leonard    control   being 
dependent  upon  the  position  of  the  lever  and  independent 
of  the  load,  and  the  consequent  advantage  with  this  par- 
ticular system  of  being  able  to  arrange  cams  on  the  depth 
indicator  to  limit  automatically  and  mechanically  the  speed 
at  which  the  winder  can  be  manipulated  near  the  tip  and 
prevent  starting  up  in  the  wrong  direction  without  other- 
wise interfering  with  the  driver's  useful  command  of  the 
winder.     Is  the   Philip's  device  still  considered  desirable 
in   this   case  ?     I   am  glad  to  hear  the  author's  views  in 
respect  to  low  temperature-rises  and  large  air-gaps  even  at 
a  small  sacrifice  of  power  factor.     The  very  serious  losses 
which  may  accrue  from  the  stoppage  of  certain  motors  on 
gold   mines   seem   in   many   cases  a   sufficient  reason  to 
warrant  preference  being  given  to  motors  with  former- 
wound  stator  coils  in  open  slots  and  rotor  bars  clipped  at 


mi:    CKMKAL    .MIM.m;KANI>   mines  GKOt'l'     I't< 


f.n 


mU.    both  ritdi   li>   I 


>  wuf  k>, 


I ■  » ,-.    ^■  - 

~  lo  Ik  M7III  oul  lo  (he  niiiic*. 


N!l.  JM    *. 
lo  lllriilioii    (III 


Ml. 

lo 

r1 

u» 
•.cf 

ih 

to 

.  cr 
id 


rvicr>,  oiilv  itui.  i^>l 

<>f    ill.-    nUiit^   a(C    I      ., 

Mr.   R   T.  Siuilli  ic-rc«ic«l,  l>ciii|;  Lonirollnl  by 

•  "             '                     Aled^jc  llicrc  4ie  i>ix 

(v..  !,  i  .  Uking  i>oo  h(fri>c- 

|>owcr  at  \cr.  lo*  >. 

p;<rr(i   wv  Tluri-  i 


oikiuIcjI  ami  ll»c  sel  being  ciiiltoilcil 

;.cs  ;  and  iccciilly  Ihc  »aiuc  Jinn  luvi- 

Mii'plicd  an  automatic  pUnt  wliicli  included  an  autonutic 

'  :   swilcli.     1  give  these  instances 

II  tlic  author  was  so  l>adly  treated 

?uch  a^  he  required 

!il.  and  hi-  rcquire- 

bc  di-ait  with  by   I  -"r- 

r  Mt»,  Mr.  Kasola  iihor 

whctlici  .lu'.iiiiiatic  controllers  have  been  tried,  and  in  view 

>ji  the  JuIh^Jl  «  previous  renurks  on  contactors,  it  seems  to 

mc  that,  since  current  is  purchased  per  unit,  and  not  per 

hiTNC-powcr,   a    c>  '  '.    saving   might    be   effected. 

This  i»  borne  out    :  hy  the  author's  remarks  on 

page    ti}l       With  -mall    sets    in    this 

cci-.i-.;rv  I   IntIicvc  .  -  under  favourable 

.    >i  at>out  £2  per  horse-power 

i  - - J  instance  in  a  quarry  where, 
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and  that  the  plant  is  never  overloaded 
many  engineers  in  this  country  would  be  happier  at  Ihi* 
time  if  they  had  even  as  much  as  25  per  cent  ol  their 
plant   in  reserve. 

/Vf.-iir,-   i^ufij/K'ns.— Mr.   Shepherd  and    several  other 
s]  ter   to   the   range  of   p:  -he 
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would  be  seen  upon  an  ordinary  recording  chart.  1.*. 
fluctuations  lasting  for  a  very  short  time,  but  low  and  high 
pressures  for  nwiiv  hours  together.  O"'*-''  variations  of 
pressure   l.i  ^    for   a  very   -' 
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frequency  docs  not  vary  to  anything  like  lli. 
and  therefore  the  motors  still  keep  on  run 
ordinary  speed  and  try  to  do  the  same  amount  o*  work. 
It  is  oniy  fair  to  the  power  company  to  state  that  since  the 
full  reM-rve  of  plant  has  been  a\-ailable  in  the  stations  the 
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depends  upon  the  kind  of  f;uilt  which  we  find  in  the  meter. 
Tlie  secondary  port:iblc  standards  of  tlie  power  company- 
are,  generally  speaking,  found  quite  reliable  enough  for 
testing  the  meters  on  site. 

Il'/n.ftvs.— Mr.  Shepherd  asks  whether  alternating- 
current  winders  were  reliable  without  the  use  of  the 
eddv-current  brake.  Our  experience  has  been  that  since 
the  control  tanks  have  been  altered  and  made  safe  from 
the  risks  of  Hashing-over,  when  reverse  or  countercurrent 
is  applied  for  braking,  they  are  perfectly  safe.  Of  course, 
there  is  always  a  little  greater  risk  with  an  alternating- 
current  winder  than  with  a  Ward  Leonard,  because  the 
former  is  dependent  for  its  electrical  braking  upon  the 
power  supply  from  the  company,  while  the  latter  forms  its 
own  self-contained  brake.  For  all  practical  purposes, 
however,  the  alternating-current  winder  is  quite  safe,  and 
we  have  never  had  any  trouble  with  the  working  of  such 
a  hoist  under  emergency  conditions  when  it  has  been  an 
electrical  hoist  built  as  such  with  new  mechanical  parts. 
We  have  had  some  little  trouble  with  the  brakes  of  old 
converted  steam  winders,  but  that  was  onh'  to  be  expected, 
because  in  a  steam  winder  steam  is  generally  used  for 
braking  and  the  mechanical  brakes  are  only  called  upon  to 
hold  the  drums  w-hen  they  are  stationary.  In  several  cases 
new  mechanical  brakes  have  had  to  be  supplied. 

Mr.  Shepherd  asks  if  the  contactor  gear  shown  in 
Figs.  2  and  3  is  quite  satisfactory  for  2,000  volts  on  the 
stator  and  1,500  volts  on  the  rotor.  I  am  afraid  the  illus- 
trations do  not  make  the  insulation  arrangements  very 
clear,  but  they  are  quite  satisfactory  in  working.  The 
pipe  framework  referred  to  as  being  unsuitable  is  the 
standard  pipe  framework  made  by  the  General  Electric 
Company  of  America.  I  do  not  like  pipe  frameworks  for 
switchgear  and,  as  is  pointed  out  in  the  paper,  it  had  to  be 
replaced  on  this  particular  job,  and,  as  a  matter  of  fact,  on 
a  number  of  other  switchgears  in  addition. 

Mr.  Sparks  suggests  that  large  winders  should  be  of  the 
Ward  Leonard  type.  This  is  the  case  on  the  Rand,  the 
largest  winders  being  of  4,000  horse- power  continuous 
rating.  There  are,  however,  a  number  of  alternating- 
current  winders  of  1,500  horse-power  continuous  rating, 
but  I  quite  agree  with  him  that  the  larger  the  size  the 
greater  are  the  difficulties  of  control  in  alternating-current 
winders.  In  referring  to  the  contactor  control-arrange- 
ments Mr.  Sparks  linds  fault  with  me  in  asking  England 
to  "wake  up"  in  this  connection,  and  he  suggests  that  the 
war  was  the  real  reason  why  no  proper  reply  was  sent 
to  my  letter.  I  cannot  agree  with  this  at  all,  as  a  full  reply 
was  sent,  but  the  information  it  contained  was  entirely 
useless,  and  I  do  not  think  the  person  who  answered 
the  letter  could  have  taken  the  trouble  properly  to  read  the 
description  of  our  requirements  which  I  sent  to  liim. 

Mr.  Rees  gives  some  interesting  figures  regarding  the 
use  of  contactor  switches,  but  it  does  not  appear  that  anv 
of  them  refer  to  3-phase  winders  or  large  horse-powers 
and,  as  he  states  that  the  requirements  of  the  mines  can 
now  be  dealt  with  by  British  firms,  it  will  be  for  such 
firms  to  send  me  particulars  of  what  they  can  do,  as  the 
actual  requirements  of  the  case  are  set  out  clearly  in  my 
paper. 

Mr.  Smith  refers  to  a  drum  type  of  water  controller.  I 
have  not  seen  this  particular  pattern,  but  do  not  think  it 
would  be  suitable  for  winders,  however  well  it  may  answer 


for  the  starting  of  small  motors.  The  inertia  of  the  Mr.iR 
moving  parts  would  appear  to  be  one  of  its  drawbacks,  as 
a  control  tank  for  a  motor  of  anything  like  1,000  horse- 
power is  a  fairly  heavy  piece  of  apparatus.  With  reference 
to  Mr.  Smith's  suggestion  that  iron-tube  resistances  could 
be  used  with  water  circulating  through  them,  this  method 
was  considered  in  connection  with  the  arrangements  at  the 
Village  Main  Reef,  but  possible  complications  with  refer- 
ence to  the  earthing  of  the  rotor  prevented  its  adoption. 

Mr.  p-asola  raises  a  very  important  point  in  connection 
with  the  R. M.S.  rating  of  winder  motors.  Until  recently 
it  was  the  practice  on  the  Rand  to  take  the  R.M.S.  diagram 
output  over  the  running  and  stopping  periods,  but  now  the 
following  practice  obtains,  which  'in  my  opinion  gives 
more  correct  results  ; — The  time  during  which  the  winder 
accelerates  is  taken  as  being  half  such  time,  and  the  time 
at  rest  as  one  quarter  of  the  actual  time.  I  have  to  thank 
the  General  Electric  Company  of  America  for  drawing 
my  attention  to  this  point.  I  do  not  follow  Mr.  Fasola's 
remarks  with  reference  to  the  current  flowing  in  the  rotor 
at  the  moment  of  starting.  Mr.  Fasola  considers  that  this 
current  would  then  be  at  a  maximum,  but  this  could  hardly 
be  so,  because  at  that  instant  there  is  a  maximum  resist- 
ance across  the  slip-rings,  while,  on  the  other  hand,  when 
reverse  current  is  applied  for  retarding  the  motor  the 
resistance  would  be  the  same  as  at  starting  up,  but  the 
rotor  pressure  would  be  doubled. 

Mr.  Fasola  considers  that  the  Ward  Leonard  winder  has 
an  advantage  in  that  cams  can  be  arranged  on  the  depth 
indicator  to  limit  automatically  the  speed  at  which  the 
winder  can  be  manipulated  near  the  tipping  point.  In 
both  Ward  Leonard  and  3-phase  winders  similar  devices 
can  be  used,  and  in  my  standard  specification  they  are 
called  for  to  perform  the  following  duties,  namely  :^ 

III  a  Ward  Leonard  winder : — 

(a)  To  prevent  the  driver  from  accelerating  the  winder 

in  either  direction  beyond  a  pre-determined  rate. 

(b)  To  bring  the  operating  lever  gradually  back  to  the 

neutral  position,  sufficiently  early  to  prevent  an 
overwind,  in  the  event  of  forgetfulness  on  the 
part  of  the  driver, 
(f)  To  allow  the  driver  to  operate  the  winder  slowly  in 
either  direction,  even  after  the  lever  has  been  auto- 
matically brought  back  as  in  (6).  This  is  to  be 
done  through  the  medium  of  a  spring  or  weight 
against  which  the  driver  has  to  exert  an  additional 
force. 

In  a  2,-pliase  winder : — 

{a)  To  bring  the  operating  lever  gradually  back  to  a 
position  where  the  maximum  working  resistance 
has  been  inserted  in  the  rotor  circuit,  but  without 
opening  the  stator  switches,  sufliciently  early  to 
prevent  an  overwind,  in  the  event  of  forgetfulness 
on  the  part  of  the  driver. 

(6)  To  allow  the  driver  to  operate  the  winder  slowly  in 
either  direction,  even  after  the  lever  has  been 
automatically  brought  back  as  in  (a).  This  is  to 
be  done  through  the  medium  of  a  spring  or  weight 
against  which  the  driver  has  to  exert  an  additional 
force. 
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use  a  cciUnfujjal  pump  (or  uiivlhiiig  over  3,000  icci  111  one 
Ull.  but  it  i»  only  a  v)ue»tion  o(  pi(>e  and  joint  nunulaclurc 
(or  such  a  po»ible  head  to  be  niatcriaJly  increased  in  the 
future. 

VI  r.  Sparks   asks  as   to  (he  horse-power  of  the  centri- 
ised  out  of  tlie  total  of  30.000  ti.  '  r 

I'p  to  the  present  only  al>out  5 
po»-er  IS  used  for  centrifugal  pumps,  llie  rcmaiiiilci   ol  Uic 
pumps  being  of  the  ram  type.     As  is  pointed  out  in  the 
paper,  it  was  only  in  igi3  that  we  began  to  use  centrifugal 
pumps  for  mine  pumping  instead  of  ram  pum'ps. 

Hit!  iinring.—  \D  reply  (o  Mr.  Shepherd,  worm  gear  has 
not  been  tried  for  driving  tube  mills  for  the  reason  already 
given  in  the  paper,  namely,  the  end  play  of  the  mills  and 
(he  J  >uch  gear  in  proper  mesh. 

M  c  as  slating  that  "the  mechanical 

arr.i  in  connection  with  the  mines  have  so  far 

sctli^-  ;Llve%  that  attempts  to  improve  what  appear  to 

be  somewhat  ineflicient  and  crude  methods  arc  seldom 
successful."  I  cannot  tind  any  such  statement  in  my 
paper,  and  must  assume  that  he  is  referring  to  the 
paragraph    on    sl.i  -     which  reads   as   follows: — 

"  Although  the  ex.  ..  of  sump  mill  is  such  a  crude 

device  and  has  app^Jciiiiy  so  many  engineering  defects  it 
has  survived  and  will  continue  because  of  its  extreme 
simplicity  and  consc4uent  reliability." 

With  reference  to  Mr.  Hunter's  suggestion  that  in  the 
ciogle-arm  cam  mentioned  in  the  paper  the  difficulty 
could  have  been  got  over  by  altering  the  prohle  of  the 
cam,  I  can  assure  him  tliat  the  profile  was  altered,  and 
it  i-  -   that   a   1  • 

on  .,^c  been  1. 

pah  It    out    lor    this  purpo^c.     .\   iillic 

e«(  ^  a  stamp  mill,  however,  will  >ooii 

^ll<  Mary  cam  with  its  involute  prohle  cannot 

l»e  . .  _.;crcd  to  any  extent  worth  the  trouble. 

>•  — Mr.    Recs   suggests  that  automatic  con- 

truiic:  -  III  UIC  air  compressor-,  by  which  the  c 
are  started  and  stopped  accuuhng  to  the  air  y. 
11"^  ■   would  be  better  than  : 

uii. as  are  now  used.     \\\ 
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power  to   s I'-h   it.     Ma...         .  .-    mines   lia.>    -, — 

naluial    \'  and    the  enormous   amount   ol   cold 
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With   > 

of   Mr.    .Marriott,  who   knows  a  gical   Jcai  .'.    it 

than  I   do,   1  do    not  wish  to  enter  into  a  >:  .on 

mine  ventilation. 

D«>/r«ftii/«>B.— In  reply  to  Mr.  Hunter,  the  s*anH •"<  •»«<. 
of  oil  switch  now  in  use  in  the  switch  house  on  '. 
IS  selected  10  have  a  very  stri^  on, 

as  without  it  such  switches  U' 

^fl>u^/o.  —  Mr.  Shepherd  n.Ui»  i^ 
connected  with  insulation  and  dust,  I' 
troubles  have  been  comparatively  rare.  Ihis  may  t»e 
accounted  for  by  the  fact  tliat  the  air  on  the  Kind  u 
exceedingly  dry.  If  it  had  not  been  for  this  there  is  no 
doubt  that  very  many  more  coil  breakdowns  would  have 
taken  place.  Du^t  has  not  had  the  effect  of  causing 
t  ''■}'  »*ay,  I'      ■ 

»  ill  the  ■ 
the  woiki  **r 

pa>.sage>  1.  .      .  -    t'le 

whole  motor  to  pieces  core  stampings  and  . 

This  is  an  impracticable  thing,  and  is  one  i,;   _....; 

why  such  an  apparently  low  working  temperature  is  called 
for  when  the  motors  are  new.  The  temperature  tests 
which  are  taken  in  a  maker's  works  are  alwavs  taken  with 
a  new  motor  having  all  its  vc:  arts 

cle:i?v     Rut    the   tcinpcratun  -  be 

'.  in   after   life,   and,   as   it   is  an 
I   -,  :i  that   the   motors  should   be  en; 

pieces  every  is  months  or  so  for  the  purpose  ol   clean- 
ing out   the   ventilating   passages,  the  resultant  working 
temperature  is  always  much  higher  ;   this  must  be  taken 
ait   in    di .  .hat    shall    be    the 

e  when  •  ^   are   tested  in  tl; 

:  to  M  hicU  practically  no  manutovi^ci  s 
I  :  lon. 

Mr.   ^shepherd  ask-  u  ^e  of  tlie  troubles  which 

were  mentioned  were  w....  .  -.;.;h  or  foreign  work.  I 
have  purposely  avoided  giving  any  names  in  this  coniicc- 

'      •  .  mt   to  p<.^ '.'-    than   to   do  any 

.O'er  anv  '   it  may  be  staled 
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Mr.  Rider,  with  the  increased  heating  of  motors  at  the  higli  altitude  of 
the  Rand  whether  the  heating  varies  exactly  in  the  inverse 
ratio  to  the  air  density.  Within  the  ordinary  barometer 
limits  the  temperature  of  the  motor  increases  about  i  per 
cent  for  every  lo  nun.  fall  in  the  barometer. 


I  have  to  thank  the  members  very  much  for  the  kind  Mr.  Ri 
reception  which  they  have  given  to  my  paper,  and  it  will 
not  have  been  written    in    vain   if   Britisli    manufacturers 
will    onlj'    take   to    heart    tlic  experiences    which    I    have 
endeavoured  to  put  before  them. 


METHODS    OF   TESTING   THE    SCHERBIUS    COMPENSATOR.* 


By  Abdel  Aziz  Ahmed. 

(Piipcr  received  19  Pchniary,  1915.) 


The  object  of  the  following  tests  is  to  determine  the 
electromotive  force  injected  by  the  compensator  corre- 
sponding to  any  load  current.  A  knowledge  of  the  char- 
acteristic thus  obtained  will  enable  the  magnetic  state  of 
the  armature  to  be  determined.  It  also  provides  a  direct 
application,  in  a  simple  graphical  treatment  to  be  dealt 
with  later,  for  the  construction  of  the  circle  diagram  for  a 
non-sj'nchronous  motor  fitted  with  a  Scherbius  or  similar 
phase  advancer. 


Source  of 

low  A.C.  • 

volt;s 


Uv^ 


Fu;.   I. 


The  most  obvious  metliod  of  carrying  out  the  test  would 
involve  the  use  of  alternating  currents.  The  electromotive 
force  generated  by  the  compensator  depends,  among  other 
factors,  on  the  relative  motion  betvifeen  its  armature  and 
the  rotating  field  produced  by  the  secondary  current  in 
the  armature  itself.  As  far  as  its  magnitude  is  concerned 
it  is  immaterial  whether  the  field  is  rotating,  the  armature 
is  revolving,  or  the  two  motions  take  place  simultaneously, 
provided  that  the  current  and  the  relative  speed  are  the 
same.  The  sense  of  the  motion,  however,  influences  the 
phase  relation  between  the  current  and  the  generated 
electromotive  force. 

If  a  3-phase  current  of  a  given  frequency  be  led  into  the 

♦  The  tests  here  described  were  made  on  a  Scherbius  3-phase  induc- 
tion motor  built  by  Messrs.  Brown,  Boveri  &  Co.  The  motor  is  of 
25  horse-power,  450  volts,  and  50  frequency,  having  a  synchronous 
speed  of  1,000  revs,  per  minute.  The  rotor'  is  the  primarv,  and  the 
advancer  is  fixed  at  one  end  of  the  rotor  shaft.  The  advancer  itself 
consists  of  a  4-pole  continuous-current  armature.  The  conductors 
are  housed  in  holes  below  the  external  diameter  of  the  stampings. 
The  brushes  on  the  commutator  are  connected  to  the  three  terminals 
of  the  stator.  The  exciting  flux  is  produced  in  the  armature  itself  by 
the  secondary  current. 


compensator  while  it  is  at  standstill  the  armature  will  act  as 
a  choking  coil  (Fig.  i).  By  varying  the  supply  current  and 
observing  the  corresponding  electromotive  force  we  obtain 
a  curve  following  tlie  magnetization  curve  of  the  armature 
for  the  particular  frequency  chosen.  If  the  frequency  of 
the  supply  current  be  so  adjusted  as  to  be  equivalent  to 
the  synchronous  speed  of  the  compensator  when  under 
working  conditions,  the  corresponding  curve  will  give  the 
required  characteristic  (Fi.g.  2). 


s 

4 

0 
2 

1 

,_-^ 

^ 

/ 

50 


150 


Ampereo 

Fig.  2. — Testing  Compensator  with  Alternating  Current. 
Supply  Frequency  34  ;  Speed  i.coo  r.p.m.  approximately.. 

If,  however,  in  another  test='=  the  current  be  kept  constant 
whilst  the  compensator  is  driven  at  a  constant  speed,  then 
by  varying  the  frequency  of  the  supply  current,  and 
thereby  varying  tlie  relative  speed  between  the  revolving 
armature  and  the  rotating  field,  we  obtain  the  curves 
shown  in  Fig.  3. 

Starting  with  a  frequency  higher  than  that  at  wliich  the 

*  Since  this  paper  was  written,  an  article  has  appeared  in  the 
Electrician  (vol.  74,  p.  783.  1913)  by  Dr.  T.  F.  Wall  describing  a  test 
similar  to  this  one.  TJie  curve  shown  therein  refers  to  star  values  of 
the  potential  difference,  whereas  the  curves  given  herewith  (Fig.  3) 
represent  line  values. 
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where     A  l>  represents  the  mra^red  potential  diflerence, 
A  B  „  bt  '  r  op  s, 

HC  ,.  ai:    . 

•-'  L>  iiiducetl  electromotive  force. 


whence 


!• 


B  D  =,/<•  +  *« 


-  i) 
inl 
be 


Let  A  be  tlic  drop  of  pressure  due  to  the  brush  cx>ntact 
for  the  particular  current  chosen  in  the  test.  Assuming  .^ 
tolv       •  ■■■--■■■ 


A  HI)  an 

>..iu    1  1.       Il  li  c. 

of  synchronism  where  e  is  xcro  ttu 
represented  by  AC,  so  that  v.'  =  ^  j  -►  .  ^  .• ,  an.«  y^, 
.ii>d  knowing  <  from  the  arma:ure  resistance  wc  can  iiiMl  A. 
Hence  the      '  "        '  ! 

1"  I'le  -'  c  oboinahk-  otiljr 

tJie 
'  the 

uhniic  pressure-drop.     This  clectroinutive  lorce,  however, 
must  contain  u  Cv.<inponent  in  phase  with  the  current  to 
account  for  hysteretic  and  eddy-current  losses.     Secondly. 
the  brush   pressure-drop   is   never   the    ■ 
brushes.     Hence  the  electromotive  foi^ 


L 


the 
the 
be 

pu 


..iluic  laic  prcssuit.- 

(-  urves  I  and  1 1  and  e  l^c 
at  any  given  frequm.  v 
.:;  the  hysteretic  and  eddy-current  los- 
e  will   be   in   quadrature   with  the  uIjiu:^ 
in  the  armature.     Hence  it  follows  that 


or  y  —  (•  =  !• 

ThU  h  the  equation  of  a  li\ ;      ' 
•>cn!til  Sy  Curve  1  (  Kig.  3»,ai. 
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if    the   bruslies  are   not   accurately  spaced  in    ii . 
thrir    r,  ~i>cx-tivc   geometrical  axes   the   ditterenk.<.    ...    .i.>^ 
still  more   marked.     It   was  obsrOi-cd   that  a 
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large  currents  that  the  following  test  involving  the  use  of 
continuous  current  has  been  devised.  ' 

New  Method  of  Testixg  the  Compensator. 

The  test  consists  of  circulating  continuous  current 
between  two  or  more  brushes  in  a  manner  to  be  dis- 
cussed hereafter,  and  taking  readings  of  the  current  and 
the  corresponding  line  voltage  while  tlie  compensator  is 
rotating.  The  results  obtained  from  the  following  mathe- 
matical treatment  enable  us  to  convert  continuous-current 
readings  into  their  equivalents  for  alternating  current,  and 
thus  to  obtain  the  required  characteristic  connecting  effec- 
tive values  of  the  compensator  current  with  effective 
values  of  the  generated  electromotive  force. 

It  is  evident  that  the  crest  value  of  the  alternating 
current  in  a  3-phase  S}-stem  can  be  calculated  if  we  know 
the  instantaneous  values  of  the  current  in  any  two  phases. 
Imagine  that  corresponding  to  a  certain  instant  it  is  a 
permanent  condition.  The  current  will  thus  remain  uni- 
directional or  continuous  current.  The  author  will  show 
later  that  if  <;  and  b  are  the  values  of  the  current  in  any 
two  phases,  then  the  corresponding  crest  value  of  the 
current  is  given  by 


Imas.  — — J-  J  a-  -\-  a  h  -\-  b' 

Hence  the  effective  value  is  given  by  I  ^  Imax./s/a. 

It  is  therefore  possible  by  the  suitable  selection  of  any 
two  values  of  the  continuous  current  for  a  and  b  to  repre- 
sent an}'  given  crest  value. 

A  similar  expression  for  the  effective  electromotive  force 
is  obtainable  in  terms  of  the  line  potential  difference  in 
.any  two  phases.  Since  the  armature  is  excited  by  a 
3-phase  current  the  voltage  induced  depends  on  the  crest 
value  of  the  current  Im;,s.  ■  We  can  only  measure  line  volts 
between  the  brushes  ;  it  is  more  convenient  to  introduce 
star  voltage,  the  crest  value  of  which  the  author  proposes 
to  call  U  (radial  cr  star  voltage).  This  is  a  function  of  the 
line  current,  depending  on  the  magnetization  curve  of  the 
Jirmature. 

The  author  will  show  later  that 


^=-,^n. 


■  Va  b  Vc  b  -{-  Vc  i 


where  V  represents  the  potential  difference  and  the  suffix 
refers  to  the  points  between  which  the  readings  are  taken. 
It   is   obvious  that  the  effective  line  electromotive  force 

=  UV3/v/2. 

Since  the  resultant  rotating  field  is  constant  for  the  same 
crest  value  of  the  current,  it  follows  that  there  is  a  certain 
value  of  U  corresponding  to  the  crest  value  of  any  current, 
and  hence  to  a  certain  effective  electromotive  force. 

Calculatiox  of  the  Effective  Electromotive  Force 
gexer.\ted  by  the  compens.\tor. 

Analytical  study  of  the  general  problem. — Consider  a 
3-phase  2-poIe  armature.  Let  currents  of  any  value  be 
led  into  the  armature  at  A  and  B  (Fig.  5),  and  let  their 
sum  total  be  taken  out  at  C.  This  represents  a  typical 
example  of  a  3-phase  current  at  any  instant. 

It  can  be  shown  that  the  resultant  flux  set  up  in  the 


armature  by  such  currents,  assumed  to  be  sine  functions 
of  the  time,  is  constant  in  magnitude  and  variable  in  direc- 
tion, the  latter  depending  on  the  relative  instantaneous 
values  of  the  current  in  the  various  phases.  As  the  arma- 
ture rotates  an  electromotive  force  will  be  induced  in  it  in 
quadrature  with  the  flux  and  leading  on  it  in  the  space 
diagram.  Let  the  star  electromotive  force  O  E  make  an 
angle  ^  with  the  diameter  through  A.  Owing  to  hysteresis 
and  eddy  currents  the  resultant  flux  will  be  dragged  in  the 
direction  of  rotation,  and  the  vector  electromotive  force 
will  move  round  to  correspond  therewith.  Let  0  be  the 
angle  swept  out  by  the  vector  electromotive  force  due  to 
the  above  losses,  and  let  O  E'  be  the  new  position  of  O  E. 
The  angle  A  O  E'  is  clearly  (r/,  —  fl) ;  call  it  </-. 


EjlA 


Fig.  5. 

The   components  of    O  E'  at  the  brushes  ABC  are  as 
follows  (Fig.  5) 

0«  =  Ucos^ (i) 


O  c  =  U  cos  I  - 
V3 


(r-*) 


U  cos  (^  +  A 


O  6  =  U  cos 


■  U  cos 


(2) 


(3) 


Let  Va,  Vb,  and  Vc  represent  the  potentials  of  A,  B,  and 
C  respectively.  Let  Va  b  represent  the  potential  difference 
between  A  and  B.  The  sequence  of  the  letters  in  the  nota- 
tion Va  n  implies  that  A  is  of  a  higher  potential  than  B. 
Similarly  for  Vbc  and  Vac  then  we  have 

Va  B  =  O  a  —  O  6  =  U  cos  ./z  -h  U  cos  (>//  -  tt/s)      ...   (4) 

VAc  =  On  — Oc  =  Ucos;// -I- Ucos(i^  +  ir/3)      •     •     ■   (S) 

Vc  n  =  O  c  —  O  6  =  U  cos  (4-  —  7r/3)  —  U  cos  (.//  -|-  tt/s)  ■   (6) 

We  have  an  identity  of  three  equations  ;  U  and  ^  being 
the  unknown  which  can  be  determined  from  any  two 
equations.     Taking  (4)  and  (5)  we  have 
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whence* 


(M  C  a  ^/3 


v..     \ 


No*  on-  *  -  ,  ^  ;^,.  ^  .od  CO.-  V  -  ,  ;^  ;^.  ^ 

Or  if  Un  ^  ■■  d/^ 

then  kin  «^  s    , 

s'a'  +  <^ 


and 

.-.  sin  ^  = 
and  cos  1;  = 


CO!>C   = 


Ja'+t^ 


xA^'*  •  T  ^  I  »J'  T  j  V^  *  B  —  ^  ^  I'T 


Substituting  for  sin  4'  and  cos^  in  Kquation  (4)  wc  have 
V»  ,  =  I"  cos «;  +  I'  cos  (it  —  »/3) 

=  r(3cos*+"^-^sin,^) 
Therefore  t 


L-  =  'V*»^^4V1»-4Va»Vc.-<-4Vcb 
3  X  »V», 

^  -     V  V'l  B  —  V   .  o  ^  I.  I.    T     \\.  1.         .       .       . 


(8) 


Thus  I'   is   iiidcpendcnl    I't    C,  which   varies   with   the 
rotating  field    'c   wiih  the  nli'ivt- value  of  the  ciirren!   in 


hystcreuc  and  eddy-current  eMect  is  therefore  ehminated. 

•   Kcmctuhaing  UliI       Va  ■  a  V«  c  -f  Vc  ■ 
u  c  vjui  oMjuii  Ub  <•  is  tcmit  ol  V4  c  and  Vc  ■ 

.      J  »;V.. 


/... 


t      111  C     tut  LC      W  J  1  C 

I 

■  Uxat. 

Thus  Va  ■  U  nuuimum  and  equal  lo  ^'j  V  whea  ^  ai  v^. 
Hence  the  creU  value  •  of 


V»    -   .     '     .    .    . 
The  effective  value  i»  li:  ven  by 

Substituting  in  Kqualion   N'  we  ha\'e 


(V) 


baniUrlv      h  = 


Y^  .^V.k  +  \*.  V,,i  \*u 


(111 


Evaluation'  of  the   EKKEcnvt  CLUHtsT  \i>- 

ISO    TO   ANY    MoMEVTAkV    VaLI  ES   IX    Tli.     ...  -.^ 

Let  d  and  b  be  the  values  of  the  current  in  any  two 
phases  at  the  '.int.     Assuming  a  sine  variation 

with  time  we  t.  .  .    o) 


Hence 


COSk  f 


and 


.'.  tan  m,  1  = 


cos./  = 


u'  .'■  ■!■  .i;'  -f  \a- 


ll   .^n   >v    Ov..^  n    Ir... 


i'=  N  v:»^  V,. \\  I » v;^ 


4  the 


644 


AHMED:    METHODS   OF   TESTING   THE   SCHERBIUS   COMPENSATOR. 


Substituting  in  (12)  we  have 

I  max.    V^rt 


V4  6°  +  4  a  6  +  4  n° 


Hence  1,,,:,^.  =  -t=  Ja'  +  ab  +  b' 

v3 


(14) 


and  therefore  the  effective  current 

I  =y^  («=  +  ab+b=) (15) 


must  therefore  be  corrected  so  as  to  represent  generated 
electromotive  force  only.  The  armature  pressure-drop 
can  be  calculated  from  its  resistance  and  the  current 
flowing  in  the  phases  between  which  the  readings  are 
taken.  The  evaluation  of  tliis  current  for  the  general  case 
treated  above  cannot  bo  put  in  a  simple  expression.  It 
becomes,  however,  much  simplified  if  the  test  is  made  for 
one  of  the  following  particular  c.ises. 

(i)  The  case  corresponding  to  w  /=  11  7r/6  (Fig.  6)  when 
a=  —  b  and  the  current  in  line  C  will  then  be  zero,  i.e.  we 
have  to  circulate  current  between  A  and  B  only. 
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Fig.  7.  Fig.  8. 

Characteristic  Curves  of  Compensator  Calculated  for  Alternating-current  Values  from  Continuous-current  Tests. 


We  must  bear  in  mind  that  this  formula  is  established 
on  the  assumption  that  a  and  b  are  both  positive  ;  in  other 
words,  that  they  are  flowing  in  '.he  same  direction.  If, 
however,  a  and  b  are  flowing  in  opposite  directions,  then 


=J\^-'-^ 


6-f  6=) 


Practical  Test. 

In  the  above  treatment  the  potential  differences  Vae, 
Vbc,  and  Vca  taken  at  the  segments  under  the  brushes  are 
assumed  to  represent  the  generated  electromotive  forces 
onl}'.  The  actual  voltmeter  reading,  however,  measures  the 
impressed  voltage,  which  is  the  resultant  of  the  generated 
electromotive  force  and  the  armature  pressure-drop. 
Since  we  are  dealing  now  with  continuous  current  it  will 
be  equal  to  their  algebraic  sum.     The  observed  readings 


(2)  The  case  corresponding  to  w  /  =  ?r/3  (Fig.  6),  whence 
a  =  b,  i.e.  the  continuous  current  is  split  into  two  equal 
parts  by  means  of  a  rheostat  placed  in  each  branch. 

The  advantage  of  Method  I  in  addition  to  its  simplicity 
is  that  we  require  a  current  ^3/2  times  that  used  in 
Method  II  in  order  to  produce  the  same  flux.  This  is 
evident  from  Equation  (15)  by  putting  a=  —  6  for  case  (i) 
and  a  =  6  for  case  (2). 

Both  methods  have  been  employed  in  order  to  see  how 
far  they  agree,  as  they  should  do  according  to  the  above 
theory.     The  results  obtained  are  shown  in  Figs.  7  and  8. 

There  may  be  a  slight  discrepancy  between  the  charac- 
teristics, which  may  be  explained  to  be  due  to  the  fact  that 
the  flux  set  up  in  the  armature  by  alternating  current  is 
constant  only  on  the  assumption  that  it  is  a  simple  sine 
wave.  The  actual  wave,  however,  is  only  approximately 
so,  maximum  flux  occurring  at  the  time  when  the  current 
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to  the  case  of  an  accumulator.  Dunng  the  process  of 
cliarging,  a  voltmeter  attached  to  the  accumulator  Icmii- 
nals  will  read  its  internal  electromotive  fierce  plu»  the  drop 
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tions    for    armature     pressure-drop.      The    abbct&s:e    arc 
ul'lji:.iv!  In  .;  the  same  current  in  Equation  (15) 

UMiiK  tiic  1  i^i..    .^....^t  the  \-arious  terms.  ^  "  ««^»«  "^^'=  **>■  Method  11  i»ce 

ll  is  observed  that  C  is  at  a  higher  potcnlial  than  either       Fig.  is).    The  calculations  are  nude  on  simUar  lines  lo 
A  or  B.    This  is  obvious  from  Fig.  9,  since  C  lies  approxi-       those  of  Method  1. 
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Graphical  Theory  of  Phase  Advancing. 

In  an  induction  motor  the  slip  is  usually  small  so  that 
the  inductance  due  to  the  slip  becomes  negligible.  The 
slip  electromotive  force  may  therefore  be  drawn  in  phase 
with  the  secondary  current.  The  function  of  any  phase- 
advancing  device  constructed  on  Leblanc's  principle  is  to 
inject  into  the  secondary  an  electromotive  force  leading 
on  the  secondary  current  by  90°  and  thereby  causing  the 
slip  electromotive  force  to  lead  on  the  secondary  current. 
This  has  the  effect  of  improving  the  power  factor  of  the 
motor  or  even  making  it  take  a  leading  current  as  desired. 

Consider  the  vector  diagram  of  the  motor  taking  the 
electromotive  force  injected  by  the  compensator  into 
account.  For  simplicity  assume  the  transformation  ratio 
to  be  unity. 


Fig.  13. 

Let  in  Kapp's  diagram  (Fig.  13)  O  D  represent  to  a 
certain  scale  the  primary  ampere-turns  and  to  another 
scale  the  flux  which  these  ampere-turns  would  produce  if 
acting  alone.  Let  OC  represent  the  same  quantities  for 
the  secondary.  Let  O  D,  be  that  part  of  the  primary  flux 
translated  to  the  secondary,  and  O  C,  that  part  of  the 
secondary  flux  linking  the  primary. 

O  D  and  O  C,  combined  give  the  resultant  flux  linking 
the  primary,  say  O  A. 

O  C  and  O  D,  combined  produce  the  resultant  flux  in  the 
secondary,  say  O  B. 

O  D,  and  O  G,  combined  give  the  air-gap  flux  O^. 

It  is  obvious  that  OA  is  at  right  angles  to  the  primary 
voltage  O  E  to  which  it  is  directly  due.  The  slip  electro- 
motive force  being  due  to  the  rate  of  cutting  the  secondary 
flux  must  therefore  be  drawn  at  right  angles  to  O  B.  Let 
the  shp  electromotive  force  be  O  R,  which  will  be  the 
resultant  of  the  resistance  pressure-drop  in  the  secondary 
circuit.*  Let  this  be  O  V  and  let  the  electromotive  force 
injected  by  the  compensator  be  V  R.  O  V  will  be  in  phase 
with  the  secondary  current  O  C  and  VR  will  be  leading  by 
90"  on  O  D.     Let  a  be  the  angle  of  lead  between  the  slip 

♦.  This  also  includes  tlie  armature  pressure-drop  as  well  as  the  brush 
pressure-drop  in  the  compensator. 


electromotive  force  and  the  secondary  current.  Since 
D,  B  is  parallcd  to  O  C,  and  O  B  is  perpendicular  to  O  R, 
then  acute  angle  D,  H  O  =  y  =  7r/2  —  a.  B  may  be  con- 
sidered to  lie  on  a  circle  the  centre  of  which  a  can  be 
found  as  follows  ; — 

The  angle  at  the  centre  of  the  circle  L  o  O  =  2  7 
^2(7r/2  —  o)^7r  — 2  a.  Hence  each  of  the  base  angles 
of  the  isosceles  triangle  L  a  O  is  equal  to  a.  The  same 
argument  applies  to  the  point  D.  The  centre  of  the  circle 
through  D  can  be  found  by  drawing  a  line  bA  making 
with  A  M  an  angle  a.  The  point  of  intersection  of  A  b  and 
c  b,  the  perpendicular  bisector  of  A  M,  is  the  required 
centre. 

Now  A  M  is  the  ideal  short-circuit  current  of  the  motor. 
It  may  be  regarded  as  having  identical  values  whether  the 
motor  is  working  with  or  without  the  compensator.  A  M 
is  therefore  constant  and  independent  of  a.  Thus  corre- 
sponding to  various  values  of  the  angle  a  we  get  a  series  of 
circles  the  centres  of  which  lie  in  c  b.  There  is,  however, 
only  one  working  point  such  as  D  lying  on  each  circle. 
The  curve  passing  through  all  these  points  is  the  locus  of 
the  primary-current  vector. 

All  this  is  well  known  ;  it  has  been  pointed  out  by 
Professor  G.  Kapp  *  and  applied  by  him  in  the  case  of  his 
vibrator.  In  the  case  of  the  Scherbius  compensator,  how- 
ever, the  construction  of  the  load  curve  is  particularly 
simple. 

Let  a  be  the  secondary  phase  angle  as  defined  above, 
then  we  have 

RV_Vj 


tan 


where  V,  =  injected  electromotive  force  corresponding  to 
any  secondary  current  and  ci  represents  the  brush  drop 
plus  the  ohmic  drop  in  the  secondary  and  in  the 
compensator. 

Let  (To  be  the  natural  shp  of  the  motor  and  a  be  the  slip 
of  the  motor  working  with  an  advancer  corresponding 
to  angle  a. 


Fig.  14. 

It  is  obvious  from  Fig.  14  that  the  electromotive  force 
injected  by  the  compensator  has  a  component  along  and 
opposing  the  sUp  electromotive  force,  and  this  has  the 
effect  of  increasing  the  slip  of  the  motor  thus  f 


*  Eleclriciau,  vol.  6g,  pp.  222  and  272,   1912  ;  and  Elektrokchiiische 
Zeitschrifi,  vol.  34,  p.  93i>  IQ'S. 

t  Journal  I.E.E.,  vol.  42,  p.  599,  1909  ;  and  vol.  50,  p.  332,  1913. 
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and  receiving  a  certain  current  I  (\',  is  represented  by 
the  ordinate  of  the  characteristic  curve  previously  dealt 
with).     We  have 
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where  n 
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Hence 


tan  a  a  r  (i  ^v,  ^ 


Thus  knowing  the  natural  slip  and  the  raUo  r^  V,.  i  for 
any  secondary  current  we  can  determine  the  corrrspoodiiig 
angle  a. 

The  resistance  pressure-drop  i  consists  of  the  ohimc 

l>re«iire->lrop   in   t'  '  "  -ilur. 
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iodc  experiments  on  the  brushes  6k  the 
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brush  drop  with  the  current,  and  it  was  found  to  agree 
with  tlie  formula  * 

where  d  represents  the  brush  pressure-drop  in  volts  and  A 
the  current  density  in  amperes  per  square  centimetre. 

The  main  object  of  making  these  tests  on  the  brush 
pressure-drop  was  not  to  establish  a  general  formula,  but 
rather  to  determine  the  actual  values  of  the  drop  in  the 
particular  machine  under  considcratioil,  and  in  order  to  be 
able  to  illustrate  the  thcor)'  in  question  with  considerable 
accuracj'.  While  the  formula  does  not  claim  to  be  gene- 
rally applicable,  the  author  believes  that  it  can  be  used  to 
some  extent  in  similar  tests,  for  it  is  the  result  of  several 
careful  experiments. 

Graphical  Constkuction'  of  the  Circle  Diagram  for 
the  scherbius  induction  motor. 

Consider  Formula  (i6) 


tan  o  :=  -,   II  —  a) 
0  ' 


(i6) 


Since  the  slip   is  a  very  small  percentage  of  the  syn- 
chronous speed  we  can  replace  (i  — cr)  by  (i  — o-j,)  in  (i6) 


,".  tan  a  ■- 


Let  O  P  B  be  the  characteristic  curve  of  the  compen- 
•sator  when  revolving  at  the  speed  of  synchronism  (Fig.  15). 
Let  the  ohmic  and  brush  pressure-drops  and  their  sum 
■total  be  those  shown  in  Fig.  15. 

*  A  formula  which  takes  the  pressure  into  account  gives  the  brusii 

(0'28 

pressure-drop   E  =  — - — ~ — j=   (see  Jourunl  I.E.E.,  vol.  38,  p.  153, 

1907).     The  comparatively  higli  drop  is  due  to  the  necessity  of  using 
hard  brushes  to  avoid  sparking'. 


For  a  certain  secondary  current  O  A  we  have  -^  ^  xT^' 

The  slip  corresponding  to  OA  can  be  found  from  the 
circle  diagram  for  tlie  motor  working  without  the  com- 
pensator (Fig.  16).  O  A  has  to  be  reduced  to  the  primary 
circuit,  which  can  be  done  graphically  from  the  transfor- 
mation ratio.  Hence  the  speed  of  the  compensator 
(i  —  (To)  can  be  scaled  off.  Let  this  be  represented  by 
O  E  (Fig.  15). 


Hence  tan  a  ■■ 


where  G  H  represents  100  per  cent  to  the  same  scale  as  O  E. 
OG 


V=(,_,^)=AB.OE 

'^^•AC-^^-AB- 

■^^  -GH 

GH 


=  cotGOH 


Hence  q  =  (90°  -  G  O  H)  =  angle  HOE. 

The  circle  diagram  in  question  is  shown  in  Fig.  16.  The 
curve  is  plotted  point  by  point  for  various  values  of  the 
secondary  current.     The  operation  is  as  follows  : — 

Draw  from  A  (Fig.  16)  a  ray  making  with  A  M  an  angle 
equal  to  a  (previously  determined  in  Fig.  15).  The  inter- 
section of  this  ray  with  the  central  line  of  the  ordinary 
circle  diagram  gives  the  point  b.  With  b  as  centre  strike 
an  arc  through  A.  With  A  as  centre  and  radius  equal  to 
the  secondary  current  to  which  a  refers,  reduced  to  the 
primary  circuit,  strike  an  arc  to  cut  the  former  arc  in  D. 
Then  D  will  be  the  required  point  on  the  input  curve. 
The  process  is  repeated  for  various  secondary  currents. 
The  curve  joining  all  points  similar  to  D  will  give  the 
required  circle  diagram. 
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Mr.  Scott,  given  for  the  first  mixed-pressure  turbines  quoted  for  in 
this  country.  To  the  best  of  mj'  knowledge,  these  were 
the  machines  which  I  inst.illed  at  the  Oakdale  Colhcry 
for  the  Tredegar  Iron  and  Coal  Company  in  igoy.  These 
machines  were  specified  to  be  capable  of  working  witli 
both  high-pressure  and  low-pressure  steam  in  an)'  pro- 
portion and  to  develop  at  least  75  per  cent  of  their  full 
r.ated  capacity  with  low-pressure  steam  only.  It  is  inter- 
esting at  this  date  to  note  the  various  ideas  put  forward 
by  the  turbine  manufacturers  to  meet  these  requirements. 
The  following  table  gives  the  guaranteed  steam  consump- 
tions offered,  and  the  proposals  are  briefly  outlined  under- 
neath.    The  speed  in  each  case  was  1,500  r.p.m. 


Jl.ike  of 
Turbine 


Steam   Consumption 


A 


B- 


Load  in 
kw. 


1,250 
1,000 

75° 
500 

1,250 
1,000 

750 
500 

1,250 
1,000 

750 
500 


H.P.  Steam,  200  lb. 
per  sq.  in.  Super- 
lieated  200  deg.  F. 
Vacuum  27J  in. 


lb.  per  kw.-liour. 
167 
166 
l8-2 
2I-0 

17-1 

i8-2 

I9'2 

16 

i6-6 

17-4 
i8-i 


L.P.  Steam.  17  lb.  per 

sq.  in.  (abs.).  Vacuum 

274  in. 


lb.  per  kw.-hour. 

41 
40 
50-2 


38-5 

42'5 
49 

3«-S 
42-5 

55'o 


Price  for 
Turbo- 
generator 
only 


.;^7,O00 


■  £5,350 


•  ;£S,300 


Type  A. — One  H.P.  and  two  L.P.  sections.  One  of  the  latter  to  be  cut 
out  and  worked  in  vacua  when  the  machine  is  operating  on  H.P. 
steam.     This  machine  required  three  governor  valves. 

TypeB. — Single-casing  turbine,  H.P.  end  turning  in  L.P.  steam  when 
using  exliaust  steam  only.  H.P.  and  L.P.  valves  operated  jointly 
from  one  lever. 

TypeC. — Double-casing  turbine,  H.P.  end  arranged  to  work  in  vacua 
when  using  exhaust  steam  only.  Change-over  to  H.P.  or  L.T. 
steam  to  be  made  by  hand-operated  valves.  (This  turbine  was 
obviously  not  a  true  mixed-pressure  machine.) 

Several  other  offers  were  received,  but  the  above  are 
representative  of  the  ideas  put  forward.  It  should  be 
noted  that  only  two  offers  were  received  for  single-casing 
machines,  i.e.  such  as  we  now  term  mixed-pressure  tur- 
bines. The  author  mentions  on  page  391  the  advantage 
that  would  be  gained  if  pbwer  companies  such  as  the 
South  Wales  Power  Company,  and  companies  like  the 
Powell  Duffryn  Company,  could  be  linked  up.  I  also 
recognized  that  point  some  considerable  time  ago,  in  fact 
in  the  very  early  days  of  power  supply  in  South  Wales. 
Unfortunately,  most  of  the  private  undertakings  have 
adopted  a  frequency  of  50  periods  whilst  the  power 
company  adopted  25  periods.  This  of  course  introduces 
very  considerable  complications  in  linking  up  the  two 
schemes,  as  it  can  only  be  done  by  frequency  converters. 
To  give  an  instance.  I  had  to  carry  out  the  linking-up 
of  the  old  Tredegar  system,  which  operates  at  40  periods, 
with  the  new  colliery  at  Oakdale  where  the  supply  is  at 
50  periods.  We  adopted  frequency  converters.  These 
consist  of  an  induction  motor  on  one  side  and  a  synchro- 


nous generator  on  the  other,  these  machines  floating  on  Mr.  Sc 
the  lines  between  the  two  systems.  Wc  find  that  in 
normal  working  the  frequency  converter  will  quite  easily 
"  float "  its  full  capacity  either  way,  provided  of  course 
that  we  can  provide  the  wattless  component  for  the  induc- 
tion machine  working,  as  a  generator.  Tliis  has  proved 
so  successful  tliat  I  have  a  schcine  in  hand,  which  may 
mature,  for  coupling  an  undertaking  to  the  South  Wales 
Power  Company  in  the  same  manner.  The  experience 
that  we  have  gained  with  these  converters  is  quite  suffi- 
cient to  show  us  that  the  scheme  is  sound.  The  slip  in 
the  induction  machine  can  be  adjusted  so  that  the  power 
passed  between  the  two  systems  does  not  exceed  the 
capacity  of  the  converter,  and  this  of  course  is  the  advan- 
tage that  it  possesses  over  double  synchronous  machines. 
There  is  one  point  which  the  author  emphasizes,  but 
which  I  hope  will  not  become  compulsory.  He  insists 
that  the  neutral  point  should  be  earthed.  For  the  trans- 
mission lines  such  as  he  has  liad  to  deal  with  I  think 
there  is  every  advantage  to  be  gained  as  regards  the  high- 
tension  side  by  earthing  the  neutral,  but  on  the  low- 
tension  side  for  mining  work  I  am  doubtful  whether  it  is 
advisable.  I  have  had  considerable  experience  of  mining 
work  and  also  with  earthed  and  unearthed  neutrals,  and 
I  find  that  we  have  had  less  trouble  in  maintaining  the 
plant  and  running  it  with  unearthed  than  with  earthed 
neutrals.  When  the  Merz-Price  and  other  types  of 
leakage  devices  came  forward,  it  did  appear  that  earthing 
the  neutral  would  be  necessary  in  order  to  enable  us 
to  use  these  leakage  devices.  I  looked  into  the  matter, 
however,  to  see  if  we  could  not  get  something  that  Vv-ould 
answer  the  same  purpose  for  insulated-neutral  systems, 
with  the  result  that  we  are  now  using  a  somewhat  similar 
type  of  gear  (it  is  made  by  Messrs.  Reyrolle),  on  our 
insulated-neutral  system.  It  operates  in  the  event  of  a 
leakage  occurring  on  opposite  phases  on  two  different 
feeders.  For  instance,  take  two  feeders  A  and  B,  with 
phases  i,  2,  and  3  ;  if  phase  i  went  to  earth  on  feeder  A, 
and  phase  2  or  3  on  feeder  B,  these  leakage  devices  would 
operate.  We  have  found  them  very  satisfactory.  The 
condition  which  is  most  dangerous  in  a  mine  with  an 
unearthed-neutral  system  is  the  breakdown  of  one  feeder, 
which  might  cause  another  feeder  to  fail  at  some  distant 
point  in  the  mine.  But  as  this  leakage  gear  operates 
with  practically  the  same  amount  of  leakage  current  as 
in  the  case  of  an  earthed-neutral  system,  it  protects  us 
against  this  risk.  We  also  use  leakage  detectors,  and  I 
find  these  give  sufficiently  early  warning  of  defective 
apparatus,  so  that  we  very  rarely  get  an  actual  breakdown, 
and  the  defective  apparatus  is  taken  out  of  service  before 
serious  damage  takes  place.  At  least  that  is  my  experi- 
ence. The  author  mentioned  in  connection  with  the 
exhaust-steam  plant  at  Bargoed  a  new  type  of  exhaust- 
steam  storage  apparatus.  I  should  be  glad  if  he  could 
give  us  the  approximate  period  for  which  this  apparatus 
would  supply  the  turbine  with  exhaust  steam.  The  usual 
Rateau  type  of  heat  accumulator  would  regenerate  steam 
for  anything  between  60  and  go  seconds.  From  the 
size  of  the  apparatus  at  Bargoed  it  would  appear  capable 
of  tiding  over  about  30  seconds  with  full  load  on  the 
turbine.  An  important  point  mentioned  by  the  author  in 
connection  with  this  apparatus  is  the  reduction  in  back 
pressure  on  the  winders.     This  is  especially  so  in   cases 
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Mr.  T.  SrKtiTox  :  1  am  pariicul.iriy  l^tere^led  in  the 
section  o(  the  paper  dealing  with  miners  safety  lamps. 
The  author  sums  up  the  advantage  of  electric  safety  lamps 
in  very  few  words  and  I  should  like  to  elaborate  these 
somewhat.  Perhaps  one  of  the  most  iinportanf  advantages 
— .'  !arly  to  South  Wales  and  Mon- 

ni  ^  ims  is  almost  entirely  prevented 

by  (tic  ^  iaiiips.     It  has  also  been  found  in 

actual   ,  ..Iter  the  adoption  of  electric  safety 

lamps  in  a  colliery  there  are  fewer  accidents  caused  by 
falls,  the  explanation  of  this  t>cing  that  the  collier  is 
able  to  make  a  belter  examination  of  the  roofs  and  sides. 
There  are  numerous  other  minor  advantages,  but  I  think 
those  just  mentioned  are  the  most  important.    As  regards 
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colliery  managers  will  liave  patience  and  u. 
electric  lamps. 

(Mr.    Sharks"    reply   to    the    discussion    »    gi*«i 
page  (JU).) 
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YOKKSHIKE    LOC.\L    SECTION,    24    FEBRIWRV,    I915. 


Mr.  W.  M.  Selvey  :  On  reading  this  paper  I  was  struck 
with  the  wide  range  it  covers,  and  the  size  of  the  instal- 
lation it  describes.  It  is  much  larger  than  many  of  our 
pr  :-—  ■  municipal  electricity-supply  schemes  and  it  has 
tt.  icc,  that  it  covers  not  only  the  field  of  the 
su                   :   also  that  of  t'  u- 

ti                       result    III    al.  Ay 

di  In  the  matter  of  ilie  gas  tiigiuc  ami  the 
l>^  .ttors  running  in  parallel,  I  wish  to  enquire 
which  were  tirst  installed  and  on  which  was  the  onus 
thiowu  of  running  in  parallel  with  the  other?  I  should 
like  also  to  have  any  particulars  thai  the  author  may  care 
lo  give  as  to  the  efficiency  of  the  5,000  kw.  turbo-alternator, 
as  very  high  efficiencies  have  been  claimed  for  examples 
of  th.>  niaWc  uii  ma. 
Loiiduii.     1-  a:  the!  ,1 


manufai.  ■  'Mi. 

kw.  set  \\         -  • 

from  the  internal  evidence  that  the  steam  con-  s 

belter  than  I3°5  lb.  per  kilowatt,  and  in  this  cl  a 

generous    surface   has    been  supplied   in   the 
If  I  may  lake  it  that  the  air  pu  '  !     i>  i«   itie 

kinetic    lyfH-.  or  of    one  of  llic  i  tvpes  of 

air    pump,   t:  t- 

exceedingly  •» 

to  the  gas-holder  type  01  steam  stoiage  are  very 
instructive.  The  name  mentioned  in  this  connect.'  .  i>. 
I    understand,   that    of    Mr.    Sainuelsou    ol   the    1 

Thomson- H ousion  (    v.and  I  am  glad  to  find  t;.-.  >..v 

arrangement  in   .,  -   not   of   I'Mriinaii    oiigm.     A.S 
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Mr.  Selvey.  interested  in  both  these  types  of  plant.  I  should  like  to 
ask  if  the  test  figures  given  refer  to  coke-oven  gas  and  to 
the  reduced  loads  at  which  the  machines  settled  down,  or 
whether  they  were  the  original  test  figures,  say  on  producer 
gas.  If  they  refer  to  coke-oven  gas,  such  results  for  a 
low-compression  engine  are  almost  unique.  They  are 
better  than  are  usually  guaranteed  for  a  large  modern  gas 
engine,  although  I  have  recently  tested  a  much  smaller 
engine  of  about  600  horse-power  which  gives  results  of 
the  same  order.  On  the  direct  comparison  of  steam  and 
gas  (at  the  foot  of  the  first  column  of  page  396),  I  am  in- 
clined to  think  that  these  figures  are  in  the  same  category 
as  the  results  from  a  certain  combined  scheme  in  Lan- 
cashire. I  have  worked  out  roughly  what  could  be  got 
with  a  modern  5,000  kw.  set  under  the  following  con- 
ditions : — 

Tcmper.ature  at  nozzles,  642°  F.  (260  deg.  F.  superheat). 

.Actual  pressure  (gauge)  at  nozzles,  185  lb.  per  sq.  in. 

Vacuum,  li  in.  mercury  (absolute). 

Turbine  efficienc)',  75  per  cent. 

Alternator  efficiency,  g6  per  cent. 

Au.xiliaries  of  full-load  output,  5  per  cent. 

Boiler  efficiency,  84  per  cent. 

Margin  for  75  per  cent  load  factor  from  test  conditions, 

7  per  cent. 
Heat  consumption,  20-3  B.Th.U.  per  watt-hour, 

which  is  a  figure  not  difficult  to  justify  and  does 
not  represent  the  limit  of  steam  practice.  One  of  tlie 
most  important  parts  of  tnis  paper  is  that  relating  to 
the  author's  work  on  earth-plates.  This  suggests  many 
points.  In  connection  with  all  metallic  envelopes  of 
high-tension  gear  now  normally  described  as  earthed, 
whether  armoured  cable,  lead-covered  cable,  ironclad 
gear,  or  the  like,  if  connected  to  and  depending  on 
such  earth-plates  as  are  described  they  would,  in  the 
event  of  a  bad  fault  to  earth  which  is  not  cleared  promptly, 
give  rise  to  a  voltage  on  these  parts  sufficient  to  be  dan- . 
gerous  to  life.  I  should  like  to  ask  the  author  if  he 
considers  that  to  be  a  justifiable  conclusion.  If  so,  then  it 
is  not  advisable  to  leave  iron-clad  switchgear  entirely 
accessible.  It  seems  fairly  well  agreed  that  earth  conduc- 
tion is  electrolytic,  and  it  seems  to  me  therefore  that  what 
is  wanted  is  not  so  much  a  larger  earth-plate  as  what  might- 
be  termed  an  electrolytic  trench.  By  this  I  mean  to  bed 
the  earth-plate  with  its  coke  packing  in  a  trench  of  rammed 
soil  (not  cla}'),  which  has  been  watered  with  salt  solution 
or  some  other  cheap  electrolyte.  I  have  read  with  great 
interest  the  new  matter  relating  to  bell  e.xperiments,  having 
been  much  interested  in  the  past  in  Professor  Thornton's 
work  on  this  subject.  I  am  still  looking  for  a  satisfactory 
definition  of  the  word  "  spark."  It  does  not  seem  to  me 
that  the  question  of  volts  or  amperes  alone  will  settle  what 
kind  of  spark  will  cause  gas  to  ignite.  The  condition  and 
nature  of  the  sparking  points  must  also  come  into  the 
question.  Can  some  method  be  devised  of  measuring 
the  result  itself,  that  is  the  properties  of  the  spark  actually 
produced  ?  It  would  seem  that  some  of  the  difficulties 
experienced  may  be  overcome  by  having  the  "  make  and 
break  "  of  the  bell  in  an  entirely  gas-tight  box,  and  using 
it  purely  as  an  electrical  device  to  produce  an  alternating 
or  intermittent  current  which  can  be  utilized  to  set  in 
vibration  a  pendulum  type  of  striker. 


Mr.  J.  E.  Storr  :  I  am  sure  that,  as  electrical  engineers  Mr.  ston 
in  a  large  coal  centre,  we  are  very  gratified  by  the  remarks 
with  whicli  the  author  prefaced  his  paper,  in  that. we  may 
e.\pect  full  justification  of  our  claims  for  safety  and  satis- 
factory service  by  the  extended  adoption  of  electricity  for 
colliery  purposes,  and  which  the  South  Wales  colliery  pro- 
prietors are  satisfied  they  are  getting  from  the  electrical 
portion  of  their  collieries.  There  are  a  few  comments 
which  I  should  like  to  make  in  respect  of  the  distribution 
work.  First,  with  regard  to  the  3,ooo-volt  distribution 
work,  the  distance  between  the  centres  of  the  conductors 
is  very  large  (see  page  396),  viz.  3  feet  6  inches  vertical 
distance  as  against  only  15  inches  for  10,000-volt  work,  but 
perhaps  the  lines  have  been  designed  for  use  at  a  higher 
voltage  later.  If  the  length  of  the  span  is  correctly  given 
as  100  feet,  the  short  span  and  large  centres  should  give  a 
line  practicall)'  free  from  any  trouble,  but  I  suggest  that  it 
is  a  little  extravagant  in  cost.  A  most  interesting  feature  is 
the  cable  terminations  into  the  sub-stations,  and  I  should 
like  to  ask  if  there  is  some  particular  relation  between  a 
definite  length  of  cable  termination  for  the  two  voltages, 
namely,  250  yards  for  io,ooo-volt  termination,  and  300 
yards  for  the  20,000  volts. 

Mr.  W.  E.  BuRNWND  :  I  think  that  a  greater  variety  of  Mr. 
electrical  apparatus  than  is  found  in  a  big  colliery  like  the  "''"^"' 
one  described  in  the  paper  would  be  hard  to  discover. 
The  figures  given  on  page  395  relating  to  the  gas  engines 
are  I  think  very  instructive.  There  has  apparently  been 
trouble  with  these  large  gas  engines,  and  this  I  think 
is  hardly  a  unique  experience,  although  it  is  evidently 
not  due  to  want  of  metal,  judging  by  the  30  in.  shaft 
mentioned,  compared  with  the  34  in.  diameter  cylinders. 
I  think  that  the  course  of  development  of  these 
large  gas  engines  has  given  rise  to  almost  uniform 
disappointment.  When  the  first  of  them  was  designed 
it  was  very  reasonably  assumed  that  the  temperature  of 
the  gases  on  explosion  would  be  the  same  as  was  the  case 
with  the  smaller  engines,  and  that  about  the  same  amount 
of  heat  would  have  to  be  dealt  with  through  the  cylinder 
walls.  When,  however,  the  engines  were  actually  put  to 
work,  great  difficulty  was  experienced  due  to  overheating, 
of  which  the  explanation  is,  as  was  discovered  by  some 
commission  investigating  the  effects  of  gaseous  explosions, 
that  radiation  played  a  very  much  larger  part  than  was 
ever  previously  anticipated.  Instead  of  having  to  deal  with 
the  same  amount  of  heat  per  square  inch,  this,  owing  to 
radiation,  was  found  to  be  more  nearly  proportional  to  the 
cubical  content,  so  that  not  only  had  the  cylinder  walls 
to  be  thicker  but  a  greater  amount  of  heat  per  square  inch 
had  also  to  be  dissipated.  That  appears  to  have  been  the 
stumbling  block  in  the  way  of  the  development  of  large 
gas  engines.  About  500  horse-power  seems  to  be  the 
maximum  output  per  cylinder  for  these  engines  at  present, 
and  that  value  appears  to  be  approximately  that  at  which 
the  engines  described  in  the  paper  are  working.  To  have 
a  larger  number  of  cylinders  is  really  to  duplicate  the 
engine.  I  think,  however,  that  there  are  two  ways  in 
which  further  progress  is  possible.  One  way  is  to 
eliminate  radiation  or  to  reduce  it  by  using  a  non- 
radiant  flame.  By  this  I  mean  that  if  the  gases  are  mi.xed 
better,  and  possibly  the  carbon  content  is  reduced,  a  less 
radiant  flame  is  obtained  than  would  be  the  case  with  a 
bad  mixture.     The  difterence  is  similar  to  that  between 
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(or  a  liquid  as  well  as  a  gas.     Fig.  H  represents  a  section 


to  the  half-watt  lamp,  I  hai 
succciis  unless  some  new  pi.. 
■  a  half-watt  lamp  filament  to 
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through  the  fan  arrangement  as  used  for  extracting  air  ; 
G.  G  being  blades  in  the  fan,  which  in  this  case  has  a 
\'  -:>.     A  is  a  metal  cone  and  H  another  cone  with 

.'  -   in   the  centre  equal  in  area  to  the  opening  in 

the  Ian  raiiner.  These  cones  are  arran;jed  and  spaced 
apart,  as  shown  by  a  distance  equal  to  tlie  length  of  the 
outlet  side  of  the  fan  blades,  and  it  is  increased  slightly 
towards  the  outer  end  of  the  cone.  As  the  diameter 
increases,  the  area  through  which  the  air  is  discharged 
increases  at  the  same  rate,  as  does  the  width  between  the 
cones,  with  a  proportionate  decrease  in  the  velocity  of  the 
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effect  of  the  gas  has  to  be  made  thick,  and  a  thick  filament 
for  a  matter  of  one  candle-power  would  t>e  excecdiagly 
short.     The  present  pattern  of   '    '■  '      jt 

be  a  success  because  of  the  larfji  d 

away  b>.  ^  J 

on  the  ~  i. 

111^  at  the   ends  .a 

wires   it  will  be  .        _ ;ae 

tilanient  is  at  a  comparatively  low  temperature.     The  half- 
walt  lamp  would   be  worse  in  that   respect,  so  that   the 
resulting  overall  efficiency  might  quite  likely  be  less  tliaa 
IS  the  case  at  pre>ent. 
(Sir.  Si-.\KKs  reply  to  the  discussion  is  given  on  page  6tii^) 


Newcastle  Local  Section,  i  Makch,  1915, 


Mr.  ].  Lbccat  :  In  his  general  rem.vks,  the  author  states 

that  the  question  whether  a  colliery  should  generate  its 

own   supply   of   electrical   energy  or   purchase  it  from  a 

I  :"V    involves    »o    many    factors    that    each 

muM    Ih-    conMdcred    on    its    merits.     I 

''ut  in  a  di>(rict  such  as  this 

i'ply  system  exists,  1  think  it 

*  I'alcnt  x>^)  (ouw  ciptrod),  1901. 


can  be  said  that  in  the  majority  of  cases,  even  although  Ui. 
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provided.     1:          ^                            .    _,  -v»u  the 

generating  plant  for  examination  and  overhaul  at  week- 
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ends,  and  stand-by  supply  taken  at  such  limes  from  the 
power  company  can  usually  be  obtained  on  reduced  terms. 
In  this  district  there  are  several  such  cases  in  which  the 
surplus  electrical  energj-  generated  and  not  used  by  the 
colliery  company  is  sold  to  the  power  company,  the  net 
cost  of  stand-by  current  to  the  colliery  being  very  low 
indeed.  With  m.iin  winders  of  the  size  of  those  at  the 
Britannia  pit  it  would  probably  be  impossible  to  install 
anything  but  an  Ilgncr  flywheel  arrangement  to  give 
proper  control  and  braking  in  addition  to  dealing  with  the 
heavy  peak  loads ;  but  motor-generator  or  equalizer 
arrangements  should  be  avoided  where  possible,  owing  to 
the  loss  of  efliciency,  extra  complication,  and  first  cost.  A 
simple  3-phase  alternating-current  motor  with  liquid 
control  and  driving  the  drum  througli  single-reduction 
gearing  is  a  most  satisfactory  arrangement  where  it  can  be 
adopted.  If  supplied  from  a  power  company  capable  of 
dealing  with  large  peaks,  such  an  arrangement  can  be  used 
in.  fairly  large  sizes.  We  have  a  case  in  Durham  of  two 
winders,  each  dealing  with  189  tons  of  coal  per  hour  from 
a  depth  of  450  yards,  where  the  peaks  are  about 
1,500  b.h.p.,  and  the  efficiency  and  control  perfectly 
satisfactory.  I  believe  tliese  are  the  largest  geared 
winders  in  this  country.  The  author  draws  attention  to 
the  heavy  duty  imposed  on  the  reversing  switches  on 
haulage  controllers.  In  the  case  of  the  winders  above 
mentioned  we  have  arranged  for  the  oil  to  be  filtered  and 
changed  once  every  fortnight,  and  have  had  no  trouble 
due  to  cai-bon  deposit  collecting  on  the  contacts.  The 
filter  is  installed  in  the  engine  room,  and  the  switch  tanks 
can  be  easily  emptied  into  it  and  fresh  oil  run  into  the 
tanks  in  a  few  minutes,  the  same  oil  being  used  over  and 
over  again.  In  addition,  the  tanks  are  lowered  and  the 
contacts  inspected  once  a  day.  The  switches  have  worked 
quite  satisfactorily  since  they  were  installed.  I  should  like 
to  ask  the  author  whether  he  has  e.xperienced  any  trouble 
with  the  filter  screens  used  in  the  ventilators  of  the  pump 
motors  at  the  Elliot  pit.  In  this  district  we  have  found  in 
some  cases  that  screens  of  this  kind  become  clogged  with 
dirt  after  a  few  weeks'  use.  It  is  almost  impossible  to 
clean  the  cloth  for  use  again,  and  the  cost  of  renewing 
it  becomes  quite  an  appreciable  item  in  the  operating 
costs.  Probably  in  a  pumping  installation  of  the  size 
described  it  would  pay  to  install  a  wet-air  filter.  The 
author's  satisfactory  experience  with  the  Samuelson  typd 
of  exhaust-steam  accumulator  is  interesting,  as  back 
pressure  on  the  winders  and  other  engines  the  exhaust 
steam  of  which  is  used  has  given  trouble  in  many 
cases  where  the  ordinary  Rateau  accumulator  is  in- 
stalled. 
Professor  Professor  W.  M.  Thornton  :  I  should  like  to  assure  the 

Thornton,  author,  with  reference  to  his  mention  of  the  attitude  of  the 
South  Wales  coal-owners  towards  safety,  that  in  Northum- 
berland and  Durham  they  are  equally  alert,  and  I  was 
recently  told  by  a  large  coal-owner  that,  without  regard  to 
cost,  they  would  take  every  step  which  could  be  shown  to 
make  for  the  safety  of  their  men.  With  reference  to  small 
coal,  which  is  a  problem  of  increasing  importance,  I  should 
like  to  ask  whether  the  author  has  tried  the  Betlington 
boiler  which  would  appear  to  be  well  suited  for  South 
Wales  conditions.  It  must  be  satisfactory  to  all  electrical 
engineers  here  to  hear  from  the  author  that  the  Powell 
Duffrj-n  Steam  Coal  Company  generates  over  30,000  horse- 


power for  its  own  use.   The  paper  is  interesting  on  .account  Profe 
of  the  variety  and  extent  of  the   applications   of  power,  ^''°" 
including  winding  by  continuous  current  at  Britannia  and 
by  alternating  current  at  Abercwmboi.     The  great  objec- 
tion to  the  use  of  electrical  power  for  winding  has  been  its 
relatively  high  cost  wlien  replacing  sleam  plant.    I  venture 
to  thinlc  that  the  paper  would  have  been  of  more  value  to 
the  engineers  for  whom  it  was  intended  if  tlie  author  could 
have  given  (or  could  give)  us  some  approximation  of  the 
costs  both  of  the  plant  and  of  its  operation,  for  in  judging 
any  engineering  work  it  is  necessary  to  know  whether  its 
cost  is  proportionate  to  the  effects  produced.     I  propose 
to  leave  any  criticism  of  the  constructional  work  to  those 
who  have  had  recent  experience  of  mining  plant  in  this 
district.     My  own  interest  has  been  chiefly  in  the  improve- 
ment of  the  safety  of  underground  mining,  and  in  this 
respect  the  first  part  of  the  paper  which  calls  for  remark 
is  that  referring  to  earthing  on  page  399.     I  think  Regu- 
lation   118   contemplates    (i)    shock    from    static    charge, 
(2)  shock  from  a  fault  of  short  duration,  (3)  leakage  current 
which  might   cause   shock  during   leakage.     There  is  no 
doubt  that  during  the  second  before  the  trip  gear  operates 
there  can  be   high  voltages  on  the  earth  return,  but  my 
experience  of  several  occasions  when  a  fault  on  an  under- 
ground cable  has  operated  trip  gear  on  the  switchboard 
is   that — on   multicore   cables   at   least — there   may   be   a 
dead  short-circuit  inside  but  no  evidence  outside  except 
that  the  armouring  is  bent  in  by  the  blow  which  caused 
the  fault.     A  fault  of  several  hundred  amperes  on  600  volts 
would,  I  suppose,  destroy  a  cable  in  a  few  seconds,  and  the 
fact  that  the  trip  gear  or  fuses  have  operated  shows  that 
the  voltages  to  which  the  author  has  called  attention  will 
probably  be   of    exceedingly   short   duration  in  practice. 
The  dangerous  voltages  begin  at  about  100  amperes   to 
earth.     The  remedy  would  therefore  appear  to  be  not  to 
change  the  earthing  requirements,  except  in  the  direction 
of  having  larger  volumes  of  coke  as  the  author  suggests, 
but  in  having  cut-outs  which  operate  with  very  small  time 
lag  with  less  than  100  amperes  leakage,  not  a  very  difficult 
proposition.   Exposure  to  even  a  severe  shock  for  a  moment 
is  not  likely  to  be  fatal  unless  there  is  organic  weakness. 
An   earth-plate  which  I  described   to  the  Association  of 
Mining  Electrical  Engineers  some  years  ago  may  help  in 
the  direction  of  improving  earth  connections.     It  consists 
of  a  conical  cast-iron  dish,  or  the  end  of  an  old  boiler  drum 
to   which   connection   is   made   by  a  wrought-iron  steam 
pipe  about  2  inches  diameter  projecting  above  the  surface 
and  having  both  an  electrical  connection  to  the  earthing 
bar   and  a  water  service.     Holes  in  the  side  of  the  pipe 
keep  the  dish  full  of  water  and  the  coke  in  the  neighbour- 
hood  alw.ays    moist  by   diffusion.     The  essential   feature 
is  that  there  is  a  body  of  water  which  cannot  drain  away 
but  will   diffuse   through    the   surrounding   material.      It 
may  be  even  possible  to  maintain  an  efficient  earth  in-bye, 
in  rock  if  drainage  is  prevented,  though  there  are  bound  to 
be  always   difficulties   in   this — -we    might   have   earthing 
chambers  of  large  volume  underground.     With  regard  to 
underground  lighting  by  hand  lamps,  the  Ralph  indicator 
now   reaches   the    desired   standard,  and  the   Philip  and 
Steele  indicator  has  the  same  possibilities.     It  is  not  too 
much  to  hope  that  these  will  soon  be  proved  by  actual 
trial  to  be  more  reliable  than  the  slow  and  less  definite 
safety  lamp  and  that  these  vi^ill  be  entirely  discontinued. 
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Mr.  Beard.  Mr.  J.  R.  Be.\rd  :  Although  particulars  are  given  of  the 
installed  plant  capacity  and  annu:il  output  no  mention  is 
made  of  tlie  sustained  maximum  load,  hut  assuming  one- 
quarter  of  the  plant  is  acting  as  stand-by  the  load  factor 
last  year  would  be  39  per  cent.  This  is  lower  than  I 
should  have  expected  for  such  a  system,  particularly  as 
it  is  mentioned  that  arrangements  have  been  made  by 
which  the  greater  part  of  the  pumping  is  done  on  the 
night  shift.  It  would  also  be  of  interest  to  know  whether 
the  load  f.actor  is  higli  enough  to  allow  of  the  whole  of  tlie 
available  waste  heat  being  utilized,  and  if  not  what  pro- 
portion the  surplus  bears  to  the  whole.  I  notice  that  a 
number  of  the  generators  and  motors  are  wound  for  work- 
ing direct  on  the  ii,ooo-volt  system,  thus  saving  the  cost 
of  step-up  and  step-down  transformers  respectively. 
Does  the  author  find  that  the  increased  security  and 
lower  maintenance  costs  of  3,000-volt  generators  and 
motors  justifies  the  cost  of  the  necessary  transformers  ? 
In  the  diagrams  of  the  various  types  of  transmission  lines 
no  telephone  cables  are  shown.  Presumably  these  are 
provided,  as  telephonic  communication  between  the  power 
station  and  sub-stations  is  essential  for  satisfactory  opera- 
tion. It  is  interesting  to  note  that  the  author  has  adopted 
the  method,  which  has  proved  so  satisfactory  and  con- 
venient in  this  district,  of  leading  overhead  lines  into 
sub-stations  by  short  lengths  of  underground  cable.  A 
previous  speaker  has  criticized  the  use  of  such  a  high 
pressure  as  20,000  volts  for  the  long  interconnector. 
I  would  rather  ask  the  author  why,  in  view  of  the  fact 
that  all  the  apparatus  is  designed  to  be  suitable  for  a 
pressure  of  30,000  volts,  he  does  not-  use  the  higher 
pressure  in  the  first  instance  and  improve  his  transmis- 
sion efliciency  and  voltage  regulation  accordingly.  One 
of  the  most  interesting  sections  of  the  paper  to  me  is 
that  on  earth-plates.  There  is,  however,  one  point  which 
I  do  not  think  is  mentioned,  namely,  the  difiiculty  of 
maintaining  continuity  in  the  connection  to  the  earth- 
plate.  Corrosion  of  this  connection  is  particularly  liable 
to  occur  at  the  junction  with  the  earth-plate,  especially 
if  soldering  is  used,  and  even  if  the  copper  connec- 
tion is  bonded  to  the  plate  trouble  is  liable  to  develop 
owing  to  the  damp  surroundings.  Discontinuity  of  the 
connection  is  difficult  to  discover  and  to  repair  and  may 
lead  to  serious  results,  as  nothing  is  more  dangerous  than 
apparatus  which  is  supposed  to  be  earthed  and  is  not 
so.  In  a  scheme  with  vt'hich  I  am  connected  it  is  proposed 
to  overcome  this  trouble  by  using  insulated  armoured 
cable  for  the  connection  and  terminating  it  at  the  earth- 
plate  in  a  sealing  end  attached  to  the  earth-plate  in  such  a 
way  that  the  whole  of  the  sealing  end  and  the  connection  to 
the  earth-plate  can  be  surrounded  by  insulating  compound. 
By  this  means  the  only  metal  in  contact  with  earth  will  be 
the  ea^th-plate  itself.  An  interesting  point  brought  out  by 
the  paper  is  that  most  of  the  fall  in  potential  is  in  the 
immediate  neighbourhood  of  the  earth-plate,  and  therefore 
if  the  latter  is  buried  deeply  there  is  little  danger  of  any 
dangerous  potential  on  the  surface  of  the  ground.  It 
occurs  to  me  that  this  is  of  particular  interest  in  the  case 
of  the  earthing  of  generator  neutrals.  The  earth-plates 
for  this  purpose  may  have  to  pass  very  heavy  currents,  and 
it  is  already  considered  good  practice  to  insulate  all 
generator  neutral-connections  in  view  of  the  possible 
dangerous  rise  in  potential  under  short-circuit  conditions. 


If  this  insulation  is  carried  right  up  to  the  earth-plates  in  Mr.  Be 
the  manner  described  above,  and  if  in  addition  the  earth- 
plates  are  buried  at  a  considerable  depth,  the  whole  of  the 
earthing  arrangements  will  be  perfectly  safe.  As  the 
greater  portion  of  the  total  resistance  of  an  earth-plate  to 
earth  is  not  between  the  earth-plate  and  the  coke  tilling, 
but  between  the  coke  filling  and  the  surrounding  earth,  it 
follows  that  it  is  desirable  for  the  contact  surface  of  the 
coke  with  the  earth  to  be  as  large  as  practicable.  With 
the  usual  arrangement  of  earth-plates  this  means  expensive 
excavation,  and  1  suggest  that  this  may  be  saved  in  many 
cases  by  using  the  excavation  which  is  necessary  in  any 
case  for  buildings  ;  for  example,  in  the  case  of  sub-station 
earth-plates — -always  a  difficult  problem — a  layer  of  coke 
might  be  laid  underneath  the  whole  of  the  building  foun- 
dations. As  it  is  usual  to  carry  foundations  down  to  the 
clay  the  conditions  would  be  very  favourable  to  a  good 
earth.  It  would  not  be  necessary  to  bury  the  earth-plates 
themselves  under  the  building,  as  the  layer  of  coke  could 
be  continued  beyond  the  outside  walls  at  several  places 
and  joined  up  with  the  coke  surrounding  ordinary  earth- 
plates  put  down  in  the  usual  manner. 

Mr.  H.  W.  Clothier:  The  paper  is  an  interesting  Mr. ci( 
account  of  work  accomplished  in  a  period  during  which 
considerable  development  has  taken  place,  and  tlie  author's 
experiences  with  an  account  of  what  he  would  do  if  he  had 
to  design  the  lay-out  and  the  whole  plant  again  would 
be  of  even  greater  value.  I  realize  that  this  is  perhaps  too 
much  to  expect,  but  I  should  like  to  ask  a  few  questions, 
(i)  Both  water  resistances  and  oil-immersed  wire  resist- 
ances are  in  use  in  series  with  the  arresters.  Which  type , 
has  given  the  best  results  ?  (2)  Would  the  author  again 
install  arresters  in  the  case  of  a  3,000-volt  circuit  ?  Are 
they  not  the  cause  of  more  trouble  than  the}'  are  worth  ? 
(3)  What  is  his  experience  of  reverse-current  relays  for 
generator  protection  ;  (4)  and  also  of  the  balanced  system  of 
feeder  protection  (Merz-Price)  ?  (5)  To  what  extent  has 
the  leakage  protection  mentioned  in  the  abstract  of  the 
Regulations,  124  Section  (rf),  been  applied  ?  I  note  that 
on  the  motor  circuits  only  overload  relays  are  mentioned, 
but  I  think  it  would  be  possible  to  make  a  better  arrange- 
ment of  the  general  protection  underground  by  the  use  of 
core  balance  or  corresponding  leakage  devices,  if  necessary 
having  graded  settings  with  the  heaviest  setting  at  the 
power-supply  end  and  the  lightest  at  the  motor  panels. 
By  careful  selection  it  is  possible  to  clear  faults  with  a  very 
slight  risk  of  serious  interference  with  sound  sections. 
Referring  to  the  author's  conclusion  in  regard  to  the 
signal  bells  and  batteries,  (3)  page  423,  the  second  half  of 
the  battery  would  presumably  be  inserted  in  about  the 
middle  of  the  line  and  not  at  the  end,  (5)  and  I  think  that 
a  condenser  across  the  break  of  the  switch  would  be  better 
for  the  purpose  of  eliminating  sparking  than  a  non-inductive 
resistance  in  series,  although  either  might  be  dispensed 
with  if  a  proper  flame-proof  joint,  preferably  a  wide 
machined  flange,  be  used.  I  consider  that  the  alternative 
of  using  relays  to  close  a  separate  bell-ringing  circuit 
would  go  a  long  way  towards  avoiding  the  danger  of  open 
sparking,  as  the  relay  coils  would  have  much  lower  self- 
induction  and  a  pressure  of  even  less  than  6  volts  might  be 
found  sufficient.  A  substantially  constructed  relay  having 
comparatively  negligible  inductance  can  be  made  to 
operate  with  o'oq  volt-ampere  on  a  25-period  alternating- 
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the  view  that  in  the  event  o<  a  circuit- breaker  reijuiring  an 
earth  fault  o(  say  500  amperes  l>e(ore  it  was  automatical  I  v 
disconnected,  the  potential  between  the  c.irth-plule  and 
earth  would  be  130  volls.  In  praclice  this  will  not  K-  the 
case.  In  the  event  of  such  a  fault  one  of  two  condition^ 
will  exist     In  til'  :i    the   fault  current    will 

return  via  the  c.i  inouriiiij.  and  larlh  con- 

dui  •  ,  to  the  nt  i  without  pas^mj;  throus^h 

Ihc  vj.;  .  ,  ...:c.  The  i— ...  ,  ...:l-  circuit  will  in  this  case 
merely  form  a  parallel  path  to  the  earth-conductor  circuit. 
In  these  cii  cum  stances  the  potential  of  the  earth-plate  will 
he  only  a  Iraciu'ii  of  that  which  would  exist  if  the  whole 
*i  !  'h  the  earth-plate.     The  actual 

p'  .o   and   earth   will    dt-prnd    in 

pi  '  on  the    lesislance  of   the  earth 

tnr!  fault    and    the    neutral    point   tli 

;r~  -'..i^.ce  of  the  e.irth-plate.  In  the  second  case  it  is 
a»u:;icil  that  the  cable  sheath  or  other  earth  conductor  is 
broken  between  the  fault  and  the  neutral  point.  In  these 
circ  '         >    exist,   but   in 

pra  at  the   neutral 

poi:  part.      The    major 

P"^*  of  the  fault  current 

lault  and  not  at  the  earth-plate.     In  order 
,     III   may  l>e  a  little  clearer  I  shall  assume  the 
oi.idiiion  in  which  an  ordinary  colliery  motor  develops  a 

contact  N ne  tenninal  and  the  frame.     If  now  the 

earth  c<  it  the  motor  is  broken,  the  onlv  w-av  in 

wh'   •  ■,, 

I'.l!  ■  .1 

CI     suth  tlic 

.')t  be  at   ;  plate, 

I'.it  1;  tiic  motor.  The  only  way  in  which  danger  could  t>e 
.i\  lU  t  in  these  circumstances  would  be  to  provide  a 
o  1:  ,  Kif  equipment  of  earth-plates  at  the  motor.  It  is,  of 
cuuiM.,  quite  out  of  the  question  to  provide  a  svstem  of 
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to  a  m< 


.    that  the  eai ' 

....>es  from   colli 

I   conduce   to  safety.     It   must 

n.iwcver,  tliat  ..'■'         '    ''  .■      .   . 

will  still  have 


experience  a  shock.     HowcA'er,  the  au' 
buryinjj  the  earth-pbtes  deeper  is  obi..  .» 
direction.     I  must  admit,  however,  that  if 

between  two  earth-; 
orilrnarv  drplh^  I    ■ 


had  to  choose 


II  25  per  ccni 

- -/-lid  put  out  of  1. , \. 

what  chequered  experience  with  earth  connection  and 
earth-plates  has  in  course  of  time  impressed  uprr     -     •' 
\-iew  that   the  old  adage  "There  is  safetv  111   : 


necessary  to  adopt  as  a  minimum  eight  earth-plates,  no  two 
of  which  are  within  40  fer' •■•  ■"-  •"  '''rr.  While  I  cannot 
entirely  endorse  the  aui  n  that  there  is  an 

urjient  case  for  a  revision  ci  ;::c   i:  "' 

as   to   carl  hill  u    1  do   feci  verv  mu. 


menls.     1 

of  the  p.^l''-^  

particulars  of  the  steps  taken  to  surmount   ' 
of  the  burning  and   breaking  of   the   coni:  .>.i 

fingers  mentioned  on  page  417.  I  feel  sui>  :  be 

both  intcu 

Mr.  K.  I  e   te<»<  on  earth-  n, 

r 
.1  _ 

Will  certainly  not   take  care  01  a 

with  safety.     W"  il.-  r^.,-  iw<.-  ..(  .  -.., 

as  "  powxr-stai  .t  aa 

ordinary  isolates  ^ia;:i.   Mll>^iati    :i  «.•::  a.ai.,.  j-    »n  :  ^^Jpply 
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Mr.  such   a   sub-station   may   require   provision   to    be    made 

i"a\vsscu.  fQ|.  .,  ^,g,.y  heavy  fault  current,  say  500  to  1,000  amperes. 
An  ordinary  pair  of  plates  tested  in  series  under  average 
conditions  in  clay  will  have  a  resistance  of  from  6  to  8 
ohms,  i.i.  something  under  2  ohms  in  parallel  as  used  ; 
this  means  a  rise  of  1,000  to  2,000  volts  with  the  above 
fault  currents.  In  practice,  however,  the  resistance  to 
earth  of  the  general  mctalwork  of  tb.e  sub-station,  the  cable 
sheaths,  and  the  pole-line  earth-plates,  is  much  less  than 
the  "  official  "  earth,  being  in  several  representative  cases 
^  ohm.  This  corresponds  to  a  nKi.Kimum  of  250  volts, 
which  is  still  too  large,  especially  considering  the  steep- 


ness of  tlie  potential  gradient  near  the  fault,  very  well  Mr. 
shown  in  Fig.  10,  so  that  an  unsafe  value  of  "volts  per  ''"^" 
yard"  may  still  be  reached.  Seeing  that  an  individual 
plate  is  some  10  to  20  times  this  joint  resistance  of  ^  olim,  I 
do  not  see  how  it  is  reasonably  practicable  to  reduce  this 
latter  figure  much,  and  I  sliould  be  grateful  for  suggestions 
under  this  head  from  the  autlior.  The  whole  question  of 
the  resistance  of  eartli-pl.ites  is  a  very  important  one  and 
called  forth  an  interesting  leading  article  in  this  week's 
Elect nciaii/'-  which  might  form  a  basis  for  further  dis- 
cussion. 

(Mr.  SiWKKs'  reply  to  the  discussion  is  given  on  page  669.) 


Birmingham  Local  Section,  3  March,  1915. 


»Ir. 

Chattock. 


Mr.  R.  .-V.  Chati^ock:  I  propose  to  confine  my  remarks 
to  one  or  two  points  in  connection  witli  the  arrangements 
made  for  supplying  the  power.  Turning  to  the  section  of 
the  paper  dealing  with  the  power  stations,  it  is  interesting 
to  find  that  the  gas-driven  generators  require  iS  B.Th.U. 
per  watt-hour  against  36-5  B.Th.U.  for  the  live-steam 
turbines.  This  difference  is  largely  accounted  for  by  the 
difference  in  the  load  factor  of  each  type  of  generating 
plant,  that  of  the  gas  plant  being  72  per  cent  whilst  that  of 
the  steam  was  47  per  cent.  I  am  of  the  opinion  that  even 
better  figures  than  those  given  should  have  been  obtained 
with  these  load  factors,  but  the  actual  performance  prob- 
ably would  be  accounted  for  by  the  fact  that  the  plant 
was  installed  some  years  ago  and  was  not  quite  so  eco- 
nomical as  more  up-to-date  plant.  It  is  certainly  very 
necessary  to  keep  the  load  factor  on  the  gas-driven  plant 
as  high  as  possible,  and  it  is  interesting  to  see  that  with 
mining  work  it  is  possible  to  adjust  the  load  by  carrying 
out  the  pumping  during  the  night  and  by  supplying  the 
general  demands  of  the  colliery  during  the  day,  thus 
obtaining  an  annual  load  factor  of  72  per  cent.  Some 
years  ago  I  went  into  the  question  of  using  gas  plant 
instead  of  steam  turbines  for  ordinary  electric  power 
supply  from  a  central  station,  and  I  am  satisfied  that  an 
annual  load  factor  of  at  least  35  per  cent  would  be 
required  before  the  gas  plant  could  compete  in  efficiency 
with  the  steam  turbine.  The  ordinary  central  station, 
working  on  a  light,  power,  and  traction  load,  has  of  course 
only  a  load  factor  of  about  25  per  cent,  and  the  adoption 
of  gas-driven  plant  is  therefore  in  my  opinion  not  justified 
in  these  circumstances.  These  conclusions  are  based  not 
only  on  the  actual  cost  of  generation  by  the  two  methods, 
but  also  on  the  capital  cost  of  the  plant  and  buildings 
required.  I  consider,  moreover,  that  turbine-driven  plant 
is  more  reliable  than  the  large  gas  engines,  experience 
with  which  has  not,  up  to  the  present,  been  entirely  satis- 
factory. I  am  interested  to  see  the  arrangement  of 
turbine-driven  auxiliary  pumps  used  in  connection  with 
the  condensers.  In  this  connection  I  notice  that  the 
centrifugal  cooling-water  pump  is  direct-driven  by  the 
turbine  at  a  speed  of  2,500  r.p.m.  Modern  practice  points 
to  the  use  of  geared  pumps  for  this  purpose.  The  high 
speed  adopted  is  quite  suitable  for  the  air  pump  and 
the  water-extracting  pump,  but  for  the  large-power  cir- 
culating-water pump  the  lower  speed  would  be  much 
more  efficient.     I  should  like  to  ask   the   author  for  his 


opinion  in  regard  to  the  use  of  geared  pumps  compared  Mr. 
witli  direct-driven  pumps  for  this  purpose.  Turning  to  '''"''' 
the  switchgear  section  of  the  paper,  I  notice  that  the 
generators  are  protected  by  means  of  balanced  protective 
transformers  connected  between  the  neutral  and  each 
phase,  and  by  time-limit  overload  and  reverse-current 
devices.  I  agree  with  the  use  of  balanced  protective 
transformers  and  the  reverse-current  devices,  but  I  con- 
sider that  it  is  inadvisable  to  equip  generators  with  over- 
load attachments.  These  should  be  located  only  on  the 
feeders,  and  the  generators  should  be  so  constructed  that 
they  can  safely  withstand  any  short-circuit  that  may  occur 
upon  them.  This  can  now  easily  be  carried  out  in 
modern  construction.  I  also  notice  that  the  feeders  are 
protected  on  the  Merz-Price  system  and  by  time-limit 
overload  apparatus.  I  should  also  like  to  ask  the  author 
whether  he  has  considered  the  use  of  split-conductor 
feeders  protected  on  the  Merz- Hunter  S3'stem,  as  in  my 
opinion  this  is  very  much  more  satisfactory  than  the 
Merz-Price  system,  as  it  obviates  the  necessity  for  running 
separate  pilot  wires. 

Dr.  C.  C.  G.iRR.tRD  :  In  dealing  with  such  a  large  sub-  Ur,  ( 
ject  it  is  of  course  impossible  within  the  compass  of  a 
single  paper  to  discuss  matters  in  great  detail.  I  should 
like,  however,  to  ask  one  or  two  questions  on  subjects 
which  are,  I  think,  of  interest.  For  e.xample,  the  author 
refers  to  a  "flame-tight"  box.  Now  what  is  a  flame-tight 
box  ?  I  was  talking  to  a  mining  electrical  engineer  some 
time  ago,  and  he  assured  me  that  the  proper  way  to  make 
a  flame-tight  box  was  to  arrange  the  cover  and  tlie  seating 
with  wide  machined  joints,  but  with  a  gap  of  1/32  inch 
between  the  two  surfaces.  I  did  not  believe  this  at  the 
time,  and  I  have  since  had  an  opportunity  of  making 
some  experiments  at  the  Rhymney  Valley  testing  station. 
It  is  necessary,  in  order  to  get  a  box  that  will  not  emit  any 
sparks  or  flames  when  an  internal  explosion  occurs,  to 
have  one  which,  with  its  cover,  is  as  closely  fitting  as 
possible.  If  perfectl3'-surfaced  joints  are  secured,  com- 
paratively narrow  machined  flanges  are  sufficient.  One 
has  to  take  into  account,  however,  that  these  flanges  will 
only  be  machined  on  ordinary  machines  with  a  certain 
amount  of  inaccuracy,  and  the  flanges  have  to  be  made 
wider  to  balance  this.  Good  packing,  if  used,  is  satis- 
factory, but  for  use  between  a  box  and  cover  it  is 
undesirable,  as  it  is  likely  to  become  displaced  and  the 
^  EU'cln\iaii,  vol.  74,  p.  708,  1915. 
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whether  tbe  author  in  practical  working  has  be«n  able 
to  prove  this.  In  regard  to  the  usual  method  of  electric 
bell  signalhng  by  bringing  the  two  wires  into  contact, 
sor.i.  '   :         I  an  electric  bell  reljy  which  was 

so  I  ^  contact  could   be  made  with  no 

.!d   not    be    dillicult    to   make 

~   r^inciple,    which  should,  I 

.  r.    The  bells  themselves 

—  :.-... L  ..„!it  boxes. 

Mr.  X.  Shi;ttlkwokth  :  I  propose  to  confine  my  re- 
marks to  that  portion  of  the  paper  dealing  with  the  large 
winders  at  Britannia  Colliery.    The  llgncr  motor-generator 
sci>  .lu  ^-cond  largest  in  the  kingdom,  and 
!nv     I'  ol    a    c<Mitinu<vis  output  of   i,7%i> 
Aci.     A>  Miili  all  othei 
■  ^jry  to  arrange  for  a  c>  ; 
between  no  load  and   full  load  on  the  induction  motor, 
so  that  excessive  demands  made  on  the  continuous-current 
genermtor   may  be  provided   by    the  tlywhcel  at  the   ex- 
(•cnse  of    its   stored   energy.      The   methods   in   use   for 
enabling  this   speed-drop   to   take    place    as   the    load   in- 
!i  ideal,  and  are  as 
In  the  present  iii 
iry  circuit  ut  the   i: 
:i  slip  or  minimum 
|>er  cent  ol  the  total  input  to  the   motor, 
slip  in  tbe  absence  of  further  particulars  may  be  assumed 
to  be  i<  per  cent,  which   means   that   N  per  cent  of  the 
"  ■     '■  '  ..itor  1^  wasli-d.     The 
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per  day.  It  would  seem  therelore  that  the  duecl  tscnetits 
to  l>c  obtained  from  the  use  of  a  rotary  type  ot  ••■•.'•■<■<■.■ 
amply  justify  further  capital  expenditure  in  this 

Dr.  D.  K.  MoKMis:  The  remaiks  oi  t' 
the  close  of  the   pjivrr.  together  with  1' 
tion  given  in   r 
of    bell    signalii    . 
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entirely  in  licry  mines  w.  ^ 

arise  from  the  operation  of  bell  contacts.     It  is  true  there 
are  niany  electric  bells  and  signals  to  be  obtained  which 
are  reliable  when  operated  with  alternating  current.     But 
the  s; 
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bl.Z.-lT.*        i 

carnes  a  single  or  double  vibrating  disc  ' 
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laminated   iron,   arr.    ■    '  as    to    r  ".\(jcn    tbe 

priinarv  and  seconv  :\g.     So  .:  allrac- 


give  a  signal  or  buu  the  pitch  ot  which  i 
twice  the  frequency  of  the  supply  and  wht..'-..   i-  i.iui:i--  .^ 
adequate   to  carry   at   least   as  far    as    the    sound    frv>m 
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Dr.  Motrls.  Sparking,  without  involving  any  increase  of  first  cost. 
It  is  suggested  liy  the  author,  however,  that  the  principal 
danger  is  due  to  the  use  of  bare  wires  on  which  contact 
is  made  to  close  the  hell  circuit ;  and  to  avoid  this  danger 
completely  it  would  be  necessary  to  install  a  large  number 
of  gas-tight  bell  pushes  on  the  supply  side.  This  should 
not  present  any  serious  difliculty. 

Mr.  Jones.  Mr.  CHRISTOPHER  JoXES :  The  paper  shows  what  an 
important  part  electrical  power  plays  in  the  production 
of  coal.  I  regret,  however,  that  the  author  has  not  gone 
into  the  question  of  the  use  of  electrical  power  for  the 
individual  colliery,  apart  from  big  scliemes  such  as  that 
referred  to  in  the  paper.  There  is,  moreover,  a  wide  field 
for  the  introduction  of  electrical  power  in  subsidiary 
haulages  so  .is  to  dispense  witli  horses  or  ponies,  the  cost 
of  which  can  be  estimated  at  £i  per  week  each  to  main- 
tain, apart  from  drivers'  wages.  While  there  are  many 
positions  in  pits  where  possibly  electrical  plant  is  not 
suitable  or  even  safe,  still  in  such  circumstances  electrical 
energj'  can  be  carried  a  considerable  distance  in-bye  and 
air  compressors  operated  by  electric  motors.  I  entirely 
agree  with  the  author's  view  that  the  efficiency  of  com- 
pressed-air transmission  and  conversion  is  low  in  com- 
parison with  electrical  transmission,  and  I  recently  found 
a  case  where  a  coal-face  conveyer  worked  with  compressed 
air  required  a  20  h.p.  electric  motor  at  the  compressor 
end  although  with  electri-il  drive  to  the  conveyer  5 
horse-power  would  have  been  ample.  I  have  come  to 
the  conclusion  that  for  a  coal-cutter  100  horse-power  is 
required  at  the  compressor  end,  as  against  30  horse-power 
with  electric  drive  direct  to  the  coal-cutter.  These  figures 
show  the  inefficiency  of  compressed  air,  but  I  agree  that 
its  use  is  very  suitable  for  driving  headers,  driUs,  etc. 
The  author  appears  to  favour  continuous-current  motors 
for  fans  and  compressors  where  variable  speed  is  required, 
but  he  admits  that  efficiency  is  sacrificed  and  also  that 
an  increase  of  wear  and  tear  takes  place.  For  running 
at  constant  speed  I  consider  an  alternating-current  motor 
to  be  a  more  suitable  machine  for  mining  work  than  a 
continuous-current  motor.  The  author  mentions  cases 
where  the  latter  type  is  used  in-bye  for  compressor  drives. 
Such  motors  are  more  liable  to  cause  sparking  as  com- 
pared with  alternating-current  cascade  or  squiirel-cage 
motors.  Indeed  under  the  heading  "  Haulage  Gears"  the 
author  states  that  it  is  undesirable  to  emplo}'  continuous- 
current  motors — I  presume  for  those  reasons  already 
referred  to.  Single-reduction  gearing  is  an  ideal  drive 
for  a  haulage.  Of  course,  as  stated  in  the  paper,  such 
gear  requires  a  lot  of  room  where  a  large  set  is  installed, 
but  the  decreased  wear  and  tear  and  its  silent  operation 
are  strong  points  in  favour  of  its  use.  In  order  to  avoid 
large,  wide  motor  houses  my  firm  are  adopting  single- 
reduction  gear,  but  the  drums  are  in  tandem,  narrow 
drums  being  provided.  These  are  used  for  stall  road 
motors  and  give  splendid  results.  The  small  type  is 
fitted  with  a  friction  clutch.  Electric  controllers  are, 
however,  now  generally  adopted.  Such  apparatus  is 
portable  and  can  be  fixed  by  the  side  of  the  road  at  little 
cost.  I  agree  with  the  author  that  liquid  controllers  are 
more  suitable  and  give  the  best  results  for  haulage  sets, 
the  control  being  so  flexible.  Oil-immersed  resistances 
are  advantageous  where  there  is  danger  of  open  sparking 
taking  place.     Manufacturers    could   with   advantage    go 


into  the  question  of  keeping  down  the  amount  of  copper  Mr.  ]< 
used  in  contacts,  etc.,  as  I  have  found  cases  where  a 
length  of  15  inches  of  copper,  i  in.  x^  in.,  had  to  be 
"  scrapped "  in  order  to  fix  new  i  in.  tips.  This  also 
applies  to  some  types  of  finger  tips  which  are  offered. 
The  author  appears  to  f.avour  slip-ring  motors  for  small 
machines  at  the  surface,  on  account  of  switchgear  main- 
tenance. This  I  entirely  disagree  with.  From  experience 
I  find  that  a  squirrel-cage  motor  with  star-delta  or 
auto-starter  switches  is  less  troublesome  than  to  use 
liquid  starters  with  unskilled  labour.  All  the  above  are 
fool-proof,  and  this  is  a  point  in  f;ivour  of  the  squirrel- 
cage  motor  for  such  work.  I  am  using  a  large  number 
of  such  motors,  and  the  cost  of  switchgear  maintenance 
has  been  practically  nil  for  the  last  5  or  6  years.  I  make 
use  of  the  no- volt  lighting  supply  for  motor  houses, 
pit  bottoms,  and  at  important  junctions  on  the  main  road, 
this  supply  being  obtained  from  small  transformers.  This 
increases  the  safety,  as  the  provision  of  plenty  of  light 
in  a  coal-pit  is  a  very  important  factor.  With  reference 
to  overhead  transmission,  bare  conductors  are  a  very 
reliable  source  of  supply  but  require  protection  at  impor- 
tant roads  crossings,  etc.  Inefficient  screening  is  entirely 
dependent  upon  the  earthing  of  such  screens.  I  prefer 
the  use  of  suspended  cable  for  such  places.  The  cables 
were  3,000- volt  paper-insulated,  leadless,  and  covered  with 
bitumen  in  the  case  of  sizes  larger  than  about  7/18  S.W.G. 
I  should  like  to  ask  the  author  whether  he  has  experienced 
any  trouble  with  suspended  lead-covered  cables.  My 
experience  is  that  the  lead  cracks  at  the  point  of  suspen- 
sion, i.e.  near  the  pole.  I  should  also  like  to  ask  tlie 
author  why  he  adopts  a  particular  length  of  cable  from 
the  sub-stations  to  the  overhead  lines,  and  why  he  did 
not  use  cable  for  his  20,000-volt  line  crossings  as  he  used 
cables  at  the  pit  surfaces.  With  reference  to  earthing, 
the  records  of  the  author's  test  are  very  valuable  and  in 
general  I  agree  with  them.  I  consider  it  essential  to 
earth  at  points  other  than  at  the  surface  in  some  cases, 
but  surface  earthing  is  without  doubt  the  proper  thing 
to  do.  I  agree  that  the  advantages  claimed  by  the  advo- 
cates of  insulated  neutrals  are  nullified  b}'  the  rule  that 
a  faulty  circuit  must  be  made  dead  when  a  fault  occurs, 
and  I  also  agree  that  with  the  neutral  point  earthed  and 
by  the  use  of  protective  gear  greater  safety  is  obtained. 
The  author  is  fortunate  in  having  armoured  cables 
throughout.  It  is  the  best  system  to  install  and  the  use 
of  duplicate  feeders  is  very  good  practice  from  the  point 
of  view  of  reliability  of  the  supply.  The  earth  conductor 
is  best  arranged  as  an  integral  part  of  the  cable.  I 
should  like  to  know  the  author's  views  in  regard  to  the 
size  of  earth  conductors  in  low-tension  systems  supplied 
from,  say,  underground  sub-stations  fed  at  a  high  pressure. 
I  introduced  high-tension  cables  with  armouring  capable 
of  carrying  50  per  cent  of  low-tension  in-bye  conductors. 
I  should  also  like  to  ask  the  author  whether  the  cables 
are  protected  by  Merz-Price  gear  and  if  the  cables  under- 
ground are  buried  or  are  suspended.  I  cannot  but  admire 
the  thoughtfulness  of  providing  for  the  future  in  the 
Powell  Duffryn  scheme  ;  it  is  a  very  important  feature 
and  one  that  all  of  us  might  follow  with  advantage.  The 
tests  carried  out  with  electric  bells  are  interesting.  I 
wonder  what  results  would  have  been  obtained  if  a  single- 
stroke  bell  had  been  used  for  these  tests.     I  am  pleased 
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and   hi!>  remarks  are   fully  in  accordance  with    my  own 

experieoce.     I  have  found  that  when  1  ani  compctint*  with 

■.'     -Tiaii  all  thai  I  have  to  do  is  to  take  the 

to  sec  a  )iaS'Cii>^ine  installation  ;  but, 

has   said,  I   Ihink   it   would   be  in- 
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.1    one   place    the   i  ~  are 
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lurtMiic  plant   ^t^H«d   it  very   well.      Can  he   give   us  any 

iiitorniatioii   hiiw  a  large   gas  engine   behaves  when   the 

lonuilations  are  sinking  at  that  rate  i 

Mr.   W.  T.  \  :   This   paper  is  of  great  value, 

especially  th:i  relating  to  earthing,  and  I  think  I 


,  i-iitly 

\::::.\  ^  „  V    To 

anyone  >tudviiig  the  Home  Utlice  Returns  it  must  seem  a 
very  remarkable  thing  that  nearly  all  the  fatal  accidents  due 
to  electricity  beluw  ^ruuiid  have  occurred,  not  on  unearthed 
systems.  1     '  ic  has  been  too 

hmh  a  rt-  1  after  the  1  uk-^ 
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aiii-e  ot  generally,  11  is  correct  to  say 

that   Ihi-  ,:nply  putting  a  single  18  in. 

square  earth-plate  into  the  ground.  If  an  electric  bell 
could  be  rung  through  it,  it  was  considered  to  l>e  satisfac- 
tory. The  plates  u>cd  for  the  purpose  were  almost  invari- 
i  in  my  opinion  lliey  Kcamc  .1  xmrce  of 
•r  ill  th.il  lying  entirely  burie<l — frc- 
ijuiiillv  icx-t  to  more  or  less 

rapid  cui  ;.le  and  gave  a  false 


definite.     >  .la  is  laid  down  by  the  f ranters  of  the 

Rules  in   I  :  .tiidum   (and  in  this  coanrctjon  one 

must  remember  that  the  memorandum  i\  after  all.  only  an 
interpretation  of  the  rules)  to  which,  incider-"  ■"■  •■  ''>rms 
a  valuable  guide.     In  this  data  duplicate  e..  anr 

specified  "  x>  or   jto  feet  apart."     In  a  :  )i  ii 

added,   however,    Mr.    Trotter's   Tranuv  ■  is 

quoted,  under   which  the  plates  must    n^.i    l<c 
}o  vards  apart,  at  which  distance  "if  |H>>Mble  ai. 


6&2 


DISCUSSION    ON    ''ELECTRICITY   APPLIED   TO   MINING." 


motive  force,  not  exceeding  4  volts,  shall  suffice  to  produce 
a  current  of  at  least  2  amperes  from  one  earth  connection 
to  the  other  tlirough  the  earth,  and  a  test  shall  be  made 
once  in  every  month  to  ascertain  whether  this  requirement 
is  complied  with."  This  test  is  a  very  difficult  one  to 
satisfy,  and  in  connection  witli  it  I  should  like  to  show  a 
couple  of  slides  demonstrating  a  very  effective  device 
which  I  have  been  advocating  in  connection  with  colliery 
work  for  several  years,  especially  in  cases  where  the 
surface  conditions  were  bad.  Fig.  D  depicts  a  group 
of  cast-iron  pipes  driven  vertically  into  the  ground  tilled 
and  surrounded  with  coke  or  breeze.  Their  flanges 
are  allowed  to  remain  6  or  8  inches  above  ground-level 
and  are  surfaced  to  make  good  contact  with  a  copper 
busbar  bolted  to  them,  from  which  busbar  the  connections 
to  machine  carcases  and  armouring  arc  taken.  The 
arrangement,  which  should  be  installed  in  duplicate  or 
triplicate  in  the  colliery  yard,  should  be  walled-in  to 
concentrate  moisture,  which  should  be  allowed  to  drop 
from  engine  cocks  or  exhaust  water-pipes.  Through  the 
kindness  of  the  Clifton  &  Kersley  Colliery  Company  I 
have  been  able  to  obtain  yesterday's  (and  previous)  read- 
ings in  connection  with  the  plates  described,  which  are 
as  follows  : — 


25  Sept., 

22  May, 

23  Nov., 

8  ^rarch. 

1913 

1914 

1914 

1915 

Ohms 

Ohms 

Ohms 

Ohms 

Test  between  2  sets  of  pipes 

2-6 

5-4 

4-0 

r6 

30  ft.   apart   immediately 

outside  generating  station 

Test    between    one    set    of 

2-6 

2'6 

29 

2-65 

pipes     and     turbine    bed 

and  condenser 

Test  between  the  second  set 



3'2 

27 

2-65 

of  pipes  and  turbine  bed 

and  condenser 

Test   between   both  sets  of 

i'5 

I  "54 

i'S7 

1-48 

pipes  in  parallel,  and  tur- 

bine bed  and  condenser 

It  will  be  noted  that  the  resistance  varies  from  time  to 
time,  the  above  being  the  extreme  readings  over  a  period 
of  18  months.  The  nature  of  the  ground  is  solid  clay. 
These  are  remarkable  figures  and  show  the  great  difliculty, 
even  where  every  care  is  exercised,  of  securing  a  sound 
"  electrical  contact  with  the  general  mass  of  earth."  It  is 
to  be  regretted  that  the  author  did  not  give  us  more 
information  about  the  continuity  of  metallic  sheathings 
and  bonds.  Under  the  new  regulations  most  metallic 
sheathings  have  to  have  a  continuity  of  50  per  cent  of  the 
largest  conductor  enclosed,  and  this  continuity  should  be 
absolutely  unbroken  between  the  generating  station  and 
the  gate-end  box.  In  my  experience  one  seldom  finds  an 
installation  on  which  these  conditions  obtain.  The  rule  is 
almost  invariably  broken  at  joints,  owing  to  imperfect 
design,  failure  to  recognize  the  difficulties  of  making  bonds 
of  low  resistance  under  mine  conditions,  and  neglect  in 
making  sufficiently  searching  tests  on  completion  of  the 
work.  In  conclusion  I  think  the  author  is  to  be  con- 
gratulated upon  his  advocacy  of  earthing  the  neutral.  It 
is  courageous  of  him  to  be  so  definite  on  a  point  on  which 


there  is  so  much  divergence  of  opinion.  There  can,  how- 
ever, be  no  doubt  that  he  is  absolutely  justified  in  advocating 
this  very  necessary  precaution. 

Air.  G.  M.  Brown  :  The  Powell  Duffryn  Company's 
property  appears  to  be  an  ideal  one  for  complete  electri- 
fication, and  the  first  step  in  this  direction  is  probably  seen 
in  the  eo.uipment  of  the  new  Britannia  Pit  at  Penallta. 
With  proper  precautions  in  the  design  and  lay-out  of  such 
a  plant  it  should  be  possible  to  bring  transmission  costs 
down  to  a  low  figure,  although  the  greatest  drawback  to  a 
colliery  load  from  this  point  of  view  is  the  low  average 
power  factor.  The  author  states  that  in  the  Aberdare 
Valley  the  power  factor  lies  between  07  and  0-85,  but  in  all 
probability  it  is  more  often  near  the  lower  figure.  This  is' 
quite  inevitable  in  colliery  work  on  account  of  the  necessity 
of  having  the  haulage  motors  of  ample  capacity  for  their 
work  and  with  very  liberal  air-gaps,  but  the  results  can 
be  obviated  to  a  very  considerable  extent  by  the  use  of 
phase  advancers,  synchronous  condensers,  or  even  static 
condensers.  The  advantages  to  be  gained  by  the  use 
of  suitable  plant  for  the  maintenance  of  a  good  power 
factor  are  evident,  and  tiie  cost  is  not  excessive.  The  cost 
of  phase  advancers  per  wattless  leading  kilovolt-ampere 
introduced  into  the  line  may  be  about  los.,  for  synchronous 
condensers  about  30s.,  and  for  static  condensers  about  40s. 
This  is  very  much  less  than  the  cost  per  kilovolt-ampere 
of  the  necessary  generators,  transformers,  and  cables  for 
generating  and  transmitting  wattless  currents.  The  Powell 
Duffryn  system  has  generating  plant  of  24,000  kw.  capacity, 
and  the  author  gives  the  annual  load  factor  as  55  to  60  per 
cent.  The  power  factor  is  presumably  between  070  and 
07s,  so  that  the  average  wattless  load  is  between  10,000 
and  14,000  k.v.a.  What  this  involves  in  the  way  of  trans- 
mission losses  can  only  be  estimated  roughly,  but  if  we 
take  the  particulars  of  the  overhead  lines  as  given  by 
the  author,  allow  normal  current  densities  tliroughout, 
and  estimate  the  losses  due  to  the  transmission  of 
this  so-called  watless  load,  we  find  that  it  represents  a 
capital  value  of  very  many  thousands  of  pounds.  If  to 
that  we  add  the  probable  cost  of  generators  and  trans- 
former capacity  required  to  deal  with  this  load,  the  total 
becomes  truly  astonishing,  and  demonstrates  that  an  in- 
vestment in  plant  for  improving  the  power  factor  on  the 
transmission  lines  at  least  would  be  a  sound  financial  pro- 
position. The  results  of  the  author's  "  earth  "  tests  form 
a  strong  argument  in  favour  of  compulsory  and  efficient 
earthing  of  the  neutral  points  of  3-phase  systems.  I  Jiave 
always  regretted  that  the  Departmental  Committee  did 
not  adhere  to  their  original  intention  and  make  the  use  of 
leakage  protective  devices  compulsory  also  ;  for  even  with 
perfect  earth  connections  and  cables  armoured  in  accord- 
ance with  the  regulations  it  is  possible  to  get  dangerously 
high  potentials  in  the  neighbourhood  of  faults.  It  is  to  be 
hoped  that  the  author's  figures  will  accelerate  progress  in 
these  directions.  The  Penallta  winding  gear  is  interesting 
in  ithat  it  is  the  largest  plant  of  its  kind  hitherto  installed 
in  the  United  Kingdom.  The  arrangement  of  flywheels, 
couplings,  and  clutches  seems  somewhat  complicated  and 
expensive,  and  it  is  not  evident  why  the  winder  motors 
should  be  fitted  with  double  commutators ;  the  current 
per  brush  stud  is  only  370  amperes,  and  could  easily  be 
collected  from  a  commutator  of  normal  construction. 
Neither  is  it  evident  why  there  should  be  both  magnetic 
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the  overall  eitn-icncy  01  ihe  w  ml  wlicn  <lc4lint> 

with  jjgo  tons  per  hour  aiiil  u  U.Th.l".  j»er  hour 

ia  53   per  cent.     The   Ali  1  winder  dcscril>ed  on 

page  ^>;  i-  :■•■  ■ --^ilv  ll^•l.l^  «>.ii  that  could  l»c  mure 
ellKK-iitly    ,  '    by   »    Ward    i^oiiard    equipment. 

The  avi-ragc  w  X)-()  /eel  md 

the  inaKiinum  -;  in   the    1  of 

J5   feel    per    secniul,   w!uu    llic  uveiull  u  only 

■jK'i  per   cent    when    worl{•.n^;    without  ^  i-    rope. 

Kxcept  on  long  wind>  with  relatively  !>horl  acceleration 
penod«  Ihc  direct  induction-motur  drive  does  not  !.how 
to  advantage  apart  from  iu  initial  cost.  It  is  impossible 
to  interlock  the  controller  and  depth  indicator,  and  the 
dejjrec  of  safely  altaiii.ible  is  therefore  far  inferior 
to  that  of  the  \V.ird  Leonard  system,  dcpeiidinj;  largely 
on  the  skill  and  care  of  Ihe  driver.  The  pump  type 
of  controller  can  Iw  adjusted  to  {jive  the  pioper  rate 
of  acceleration  under  normal  conditions  of  load  only, 
and  is  not  really  s;iiisfaclory  tor  winding-gear  control, 
especially  in  cases  where  it  is  necessary  to  apply 
counter  current  to  bring  Ihe  gear  to  rest  at  the  end  of 
the  wind  or  in  case  of  emergency,  for  the  reason  that  if 
the  stalor  >\vilches  >liould  l>c  quickly  reversed  Ix-fore  Ihe 
water  level  has  lime  to  fall  111  the  tank  there  is  serious  danger 
of  the  motor  drawing  an  e.vcessive  current,  opening  the 
circuit-breaker  and  mj  taking  Ihe  control  out  of  the  driver's 
hands  ju^t  when  it  is  most  oscnlial  that  he  should  retain 
it.  The  success  of  this  type  of  controller  at  Abercvvmboi 
is  probably  due  to  the  fact  thai  Ihe  weight  of  the  loaded 
cage  and  rope  is  greater  than  that  of  Ihe  unloaded  cage 
and  rope  throughout  the  wind.  The  amount  of  air 
rc-quire<l  for  the  ventilation  of  the  large  high-speed  motors 
now  used  for  driving  cciitrifug.d  pumps  is  very  great  ;  for 
instance  Ihc  Klliul  Hil  moloi>  described  on  page  41^ 
will  proh.ibly  require  about  10,000  cubic  feet  per  minute. 
These  large  volumes  of  air  necessarily  carry  with  Ihein  a 
quantity  of  dust,  some  of  which  will  accumulate  on  Ihe 
windings  and  in  Ihe  ventilating  ducts  of  Ihc  motors  and 
ulliiiiatelv  cause  breakdown.  The  example  set  by  Ihe 
r  >         pany  in    their    Klliot    Pit    cquipiiient 

1  ,g   to  electrical   engineers,  and  their 

Ui.iiik^  .i.c  liuc  tu  Ihe  author  for  bringing  it  into  pro- 
iiiiiiciice.  riierc  seems  to  be  a  very  general  impression 
that  the  use  of  tramway-type  controllers  immersed 
in  oil  must  necessarily  result  in  considerable  reduction 
in  wear  and  tear  of  the  lingers  and  contacts.  The 
oil,  it  It  true,  quickly  suppresses  any  arcing  that  may 
occur  on  opening   circuit,  but   it    also   has  the  effect    of 
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service  I 
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experience  i»  in  lavour  oi   ■ 

however,  llial  Ihc  use  of  suli  - , 

mclalhc   type   would   result   111    even    lower   1; 
charges    than    the    liquid    resistances    incntioiic^i 
"author. 

Mr.  H.  \V.  Ki'Ml'NlJsov  :  On   ; 
very  fullv  with  the  use  of  llie  r 

miners   and    mentions   the  ■■^ 

lamp>,  or  bulbs  as  they  an      ■  •'■ 

There  is  a  possibility  of   lialf-w^ti  lamps  ben  c 

for  this  purpose  though  not  in  the  nau  future.      . c 

very  great  structural  difficulties  to  be  overcon»e  before 
they  can  be  manufactured  commerciallv.  A'.  '  ■'  ir 
advantage   \^ould   seem   to  lie   in   increased   d  cr 

rather  than  in  reduced  curreir 

however,  a  very  good  prospect  ■«l 

present  in  use  will   be  improved  in  the 
creased   current   consumption.     One   poiii'  »" 

with  these  lamps  is  sumetimcs  overlooked  although  il  is 
of  considerable  iin|>ortance  in  reference  to  the  ctM  ot 
renewals.  That  is  the  voltage  at  which  they  arc  used. 
One-tciilh  of   a  volt  seems  vers  -i. 

especially    to   those    who  .ue   .1^  -i 

hundreds  and  lliou>.inds  of  volls,  but  u  is  5  per  cent 
in  Ihe  case  of  a  j-volt  lamp,  and  it  represents  a  differ- 
ence of  nearly  50  per  cent  in  the  life  of  the  lamp 
and  about  20  per  cent  in  the  caiidle-jx)wer  that  il 
gives.  There  is  a  considerable  difference  in  Ihc  average 
voltage  during  discharge  of  different  makes  of  Icjd 
accumulators,  and  this  average  voltage  vanes  accifdiiig 
to  Ihe  lime  that  is  allowed  to  elapse  b<  t; 

lakes    place.     Consequently    lamps    •!.;(<    ^  n 

when  the  cells  are  recharged  ai:  e 

quite  a  short  life  il  they  arc  re^  '- 

On  the  other  hand  a  lamp  which  is  -  if  the  cell 

is  recharged  after  eight  hours  will  Ih-  w^^.>.v,...  dim  at  the 
end  of  1-4  hours'  discharge.  Therefore  it  is  really  quite 
worth    while   taking   l!  •  -        '  M 

ascertain  Ihe  exact  volt...  e 

lamps  will  be  used  in  order  tu  gel  moic  ctl>t.^ciil  .i>c  >'Ul 
of  them. 

Mr.  S    J.   Wat'sox  :  This   pajvr   i»  of   great    praclic-U  Mr  w< 
imporUnce  and  I  think  it  will  be  agreed  that  so  far  as  the 
electrilicalion  01  culUcrics  in  Lancashire  is  concerned  Ihe 
whole  or  very  marly  Ihe  whole  lield  lias  ycl  to  be  attacked. 
I  propose  to  confine  my  remarks  to  the  power  side  of  the 
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Mr.  w.iison.  subject.  Ill  the  first  place  I  am  very  much  impressed  by 
the  fact  that  three  principal  sources  of  power  are  employed 
at  the  Po%vell  DufTryn  collieries,  viz.  live  steam,  exh;iust 
steam,  and  gas.  If  it  had  been  possible  to  give  iigures 
regarding  the  cost  and  working  expenses  of  the  tliree 
different  forms  of  power  it  would  have  added  verj' con- 
siderably to  the  interest  which  many  of  us  take  in  the 
paper.  At  the  same  time  one  realizes  that  it  is  impossible 
for  the  author  to  go  closely  into  details  on  those  matters. 
In  connection  with  the  exhaust-steam  mains  shown  in 
Fig.  5,  I  would  ask  what  is  the  greatest  distance  that  it  has 
been  found  advantageous  to  cany  the  exhaust  steam  to  the 
accumulator.  It  would  appear  from  Fig.  5  that  some  of 
the  lengths  are  appreciable  and  I  should  imagine  there  are 
serious  losses.  With  regard  to  the  gas-engine  question, 
there  is  not  the  slightest  doubt  that  it  is  a  thoroughly  good 
proposition  to  employ  them  at  a  centre  where  coke  ovens  are 
already  established.  No  doubt  some  members  have  visited 
the  large  Continental  centres  and  have  observed  the  extent 
to  which  large  gas  plant  has  been  introduced,  particularly 
in  Germany  and  also  in  France,  for  using  coke-oven  and 
blast-furnace  gas.  Such  a  prime-mover  is  undoubtedly  a 
practical  piece  of  apparatus,  and  although  the  first  cost  is 
high  it  must  be  a  much  more  efficient  way  of  utilizing  by- 
product gas  than  burning  it  under  a  steam  boiler  for  the 
purpose  of  driving  turbines  as  is  done  in  other  cases. 
There  is  no  doubt  that  the  gas  engine  has  a  very  much 
higher  thermal  efliciency  than  any  t3'pe  of  steam  prime- 
mover  which  has  been  introduced.  There  is  a  small 
point  which  may  be  of  interest  and  which  nobody  has  yet 
raised.  On  page  393  the  author  mentions  a  hand-regulated 
static  booster.  I  should  be  interested  if  he  could  add  any 
further  information  about  the  design  or  type  of  the 
apparatus  referred  to.  Then  again  I  find  there  is  no 
mention  of  the  use  of  coal-cutters  in  any  of  the  pits.  I  am 
not  very  closely  acquainted  with  colliery  work  but  I  have 
alwaA's  understood  that  was  a  purpose  to  which  electric 
motors  could  be  very  well  applied.  The  author  mentions 
in  connection  with  a  transmission  line  only  9  miles  long 
that  he  found  it  necessary  to  increase  the  pressure  from 
10,000  to  20,000  volts.  I  should  hardly  think  it  was 
necessar}'  to  go  to  such  a  high  pressure  for  such  a  com- 
paratively short  line.  Were  there  any  other  reasons  which 
led  to  that  course  being  adopted  ?  On  page  397,  referring 
to  the  poles  for  the  overhead  lines,  the  author  mentions 
that  the  conductors  are  carried  on  pin-type  insulators 
mounted  on  three  channel  irons,  4  inches  by  2|-  inches, 
these  being  protected  by  insulated  sleeves  so  as  to  prevent 
birds  operating  the  protective  gear.  I  do  not  quite  under- 
stand how  that  insulated  sleeve  is  used  and  I  should  like  to 
hear  an  explanation  of  it. 

Dr.  Worr.nii.  Dr.  G.  W.  WoRR.iLL  :  I  have  been  ver}'  interested  in 
the  author's  remarks  on  the  earthing  system  at  the  Powell 
Duffryn  Collieries.  I  superintended  recently  some  measure- 
ments of  the  conductivity  of  the  earthing  system  at  a  large 
group  of  collieries  and  found  that  it  varied  between  i  and 
2^  times  the  conductivity  of  the  cable  core  ;  this  included 
joint  boxes  and  switchgear  in  circuit.  The  actual  value 
varied  with  the  size  of  cable.  The  tests  are  not  yet  com- 
plete, but  so  far  only  one  fault  has  been  discovered,  and 
that  was  in  an  earth  pin  at  the  end  of  a  trailing  cable. 
A  question  often  arises  as  to  whether  the  armouring  of  a 
high-tension   cable  down  a  pit  shaft  is  a  sufficient  con- 


nection between  the  armouring  of  the  low-tension  system  Dr.  w< 
in  the  pit  and  the  earth-plate  on  the  surface.  Strictly 
speaking  I  suppose  it  is  not,  but  perhaps  tlie  author  can 
tell  us  what  is  intended  by  the  rules.  Several  years  ago 
I  made  some  tests  on  the  earth-plates  of  a  number  of 
lightning  conductors  and  witli  one  exception  found  that 
the  resistance  of  each  plate  did  not  exceed  i  ohm.  The 
exception  was  the  main  earth  of  the  conductor  attached 
to  a  chimney,  and  on  investigation  it  was  found  to  be 
buried  in  the  concrete  foundation.  It  is  some  years  since 
I  made  the  measurements,  but  I  remember  that  the  ware- 
house was  near  the  Liverpool  docks  and  that  the  plates 
were  sunk  in  sand  through  which  the  sea-water  percolated 
at  high  tide.  In  visiting  collieries  of  various  sizes  I  have 
found  that  the  electrical  equipment  is  very  satisfactory 
when  properly  installed ;  but  many  colliery  managers 
seem  to  think  that  a  haulage  motor,  particularly  if  it  is 
only  of  20  or  30  horse-power,  can  be  installed  by  cutting 
a  hole  in  one  side  of  the  road  and  putting  the  motor 
there.  That  is  not  the  way  to  equip  a  colliery,  but 
even  large  collieries  adopt  that  system  and  refuse 
to  make  any  improvement.  Such  procedure  no  doubt 
accounts  for  the  bad  reputation  electricity  has  in 
the  minds  of  the  majority  of  miners.  A  short  time 
ago  I  saw  the  engineer  of  a  very  large  group  of 
collieries  who  advocated  the  abolition  of  all  starting 
gear  underground.  He  simply  switched  the  motors  straight 
on  to  the  mains.  The  motor  that  we  happened  to  be 
discussing  was  of  40  horse-power  and  he  had  a  special 
design  in  which  the  stator  coils  were  well  secured.  He 
said  the  results  were  ver}'  satisfactory.  I  should  like  to 
draw  attention  to  one  point  which  seems  to  be  missed  by 
many  lamp  makers.  They  make  the  electric  lamp  very 
similar  to  the  ordinary  miners'  lamp,  so  that  if  one  is 
following  a  man  who  is  carrying  such  a  lamp  it  is  very 
difficult  to  watch  the  road.  If  they  would  put  a  reflector 
on  the  lamp  it  would  be  more  satisfactory.  Of  course 
there  are  many  types  of  lamp  in  which  the  light  is  properly 
shielded.  With  regard  to  the  use  of  hide  thongs  for 
suspending  cables,  we  had  trouble  at  an  underground 
stone  pit  through  the  thongs  being  eaten  away,  presumably 
by  rats,  and  we  had  to  substitute  zinc  thongs.  Rats  are 
found  in  every  pit  and  I  wonder  whether  anyone  has  had 
a  similar  experience. 

(Communicaied) :  Since  the  above  remarks  were  made, 
Mr.  W.  T.  Anderson  has  sent  me  a  copy  of  his  paper  on 
"  Colliery  Cables  "  read  before  the  Manchester  Geological 
and  Mining  Society  in  1913.  In  this  paper  Mr.  Anderson 
asked  the  same  question  regarding  the  earth  connection 
to  the  surface,  and  Mr.  Nelson  in  the  discussion  remarked, 
"  Mr.  Anderson  had  mentioned  the  matter  of  the  proper 
section  of  the  high-tension  armouring  where  the  current 
was  transformed  down  at  the  shaft  bottom,  or  elsewhere, 
for  use  in-bye.  It  should  be  remembered,  as  he  (Mr. 
Nelson)  believed  someone  had  already  pointed  out,  that 
the  difficulty  did  not  occur  when  the  neutral  point  in  both 
systems  was  earthed.  To  meet  an  insulated  neutral  point 
— the  case  of  the  'conscientious  objector'  to  an  earthed 
neutral  point— there  was  an  alternative  to  Mr.  Anderson's 
suggestion,  namely,  to  fix  an  earth-plate  or  plates  at  the 
junction  of  the  two  systems  and  to  connect  it,  or  them, 
in  parallel  with  the  surface  earth  by  means  of  the  armour- 
ing of  the  high-pressure  cable  alone,  or,  if  the  circum- 
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Mr.  Xeisoii.  remove  a  gi'eat  deal  of  the  tr}'ing  time  that  an  engineer 
sometimes  experiences  below  ground.  After  all  it  is  not 
a  very  nice  thing  to  move  a  motor  aC  all  from  a  very 
awkward  position  under  ground,  without  having  trouble  in 
detaching  cables.  Lastly,  the  author's  researches  on  the 
conditions  in  signalling  circuits  are  most  valuable,  and  liis 
oscillograph  curves  of  the  induced  voltages  in  signal 
circuits  when  the  circuit  is  broken  are  very  instructive. 

McKinnon.  ^It-  E.  C.  McKin.vox  :  In  the  section  of  the  paper 
dealing  with  lighting  I  notice  the  statement  that  while  40 
lead  batteries  are  assembled  in  a  group  for  charging  from  a 
I  lO-volt  circuit  the  number  of  alkali  cells  is  only  26.  This 
latter  number  appears  so  small — signifying  a  counter 
electromotive  force  of  4  volts  per  cell— that  I  think  the 
figures  must  have  been  reversed  and  should  read  62.  A 
life  of  9  months  from  lead  positive  plates  seems  so  extra- 
ordinarily low,  representing  as  it  does  probablv  not  more 
than  200-250  discharges,  that  the  explanation  is  worth 
investigation.  Such  a  short  life  may  be  accounted  for  by 
too  much  charging.  The  author  mentions  that  the  batteries 
used  to  be  charged  in  7  hours,  but  that  the  charge  is  now 
extended  to  12  hours.  Does  this  mean  that  the  rate  of 
charge  has  been  decreased,  or  that  the  extent  of  charging 
has  been  increased  ?  Charging  at  a  decreased  rate  would 
tend  to  increase  the  life  of  the  battery,  but  unnecessarily 
extended  charging  at  any  rate  would  cause  the  plates  to 
deteriorate.  One  contributory  factor  is  probably  found  in 
the  statement  that  the  energy  required  for  charging  is  of 
minor  importance  ;  very  probably  the  life  of  the  plates  was 
affected  by  giving  them  too  much  charging.  The  use  of 
celluloid  separators  between  the  plates  has  been  proved  to 
cause  deterioration.  Treated  wood  separators  on  the  other 
hand  hold  the  active  material  in  position  in  the  positive 
plates,  and  prevent  internal  short-circuits,  and  in  cells  thus 
equipped  there  should  be  no  difficulty  in  obtaining  at  least 
600  discharges  from  one  set  of  positive  plates.  The  output 
of  the  cells  would  be  affected  by  the  volume  and  specific 
gravity  of  the  acid,  but  now  that  a  non-spillable  accumu- 
lator is  available  the  difficulty  with  free  acid  has  been 
overcome,  and  the  elimination  of  celluloid  separators 
permits  of  the  use  of  sulphuric  acid  with  a  high  specific 
gravity. 

M.-.  Cooper.  Mr.  A.  G.  CooPER  :  I  had  some  experience  in  colliery 
work  about  16  or  17  years  ago,  when  of  course  continuous 
current  was  more  generally  adopted  for  colliery  installa- 
tions than  it  is  to-day.  One  or  two  of  my  experiences 
might  be  useful  to  people  who  are  still  using  continuous 
current,  if  there  are  any.  I  installed  two  50-h.p.  haulage 
gears — they  were  only  small  auxiliary  gears — and  two  of 
the  conditions  were  that  the  motors  were  to  be  gastight  and 
that  the  temperature  rise  was  not  to  exceed  80  degrees  F. 
at  the  end  of  a  six  hours'  run.  Those  conditions  were 
found  to  be  very  difficult  to  comply  with,  and  one  eminent 
firm  of  motor  makers  had  to  give  the  problem  up.  Eventu- 
ally, motors  were  installed  which  would  probably  be  rated 
at  about  125  horse-power  above  ground.  Then  the  trouble 
was  to  make  them  gastight,  but  this  was  found  to  be  prac- 
tically impossible  as  they  had  to  work  with  a  pulley.  In 
the  test  that  I  was  able  to  carry  out,  we  got  4  inches  of 
water  draught  by  continuous  pumping  ;  but  as  soon  as  we 
stopped  pumping,  the  air  leaked  through  the  bearing. 
One  of  the  principals  of  the  firm  suggested  that  it  would 
be  a  good  thing  to  build  a  sort  of  cooling  coil  in  the  main 


air-way,  and  to  circulate  the  air  so  as  to  keep  it  as  nearly  Mr.  coc 
as  possible  at  one  temperature  irf  the  motor  case.  But  even 
if  the  motor  is  made  as  nearly  gastight  as  possible,  the 
heated  air  on  cooling  contracts,  and  air  charged  with  gas 
may  be  drawn  into  the  motor  case.  In  another  instance 
compressed  air  being  already  installed  was  utilized  in  order 
to  keep  tlie  motor  clear  of  gas  aud  cool,  a  small  quantity  of 
compressed  air  being  allowed  to  pass  into  the  motor  case 
and  out  again.  It  helped  to  ventilate  the  motor  and  had 
the  desired  effect  of  excluding  gas.  With  regard  to  the 
question  of  earthing,  some  years  ago  at  Bournemouth  I 
remember  a  horse  being  killed  by  stepping  on  a  manhole 
cover.  That  was  due  to  the  difference  in  potential  between 
the  cover  and  the  surrounding  earth.  Thus  in  earthing  on 
the  surface,  even  if  we  obtain  a  good  earth  it  is  still  pos- 
sible for  there  to  be  a  considerable  difference  of  potential 
in  the  mine.  We  were  also  troubled  in  this  particular 
colliery  with  induction.  The  switchgear  was  tested  on 
the  surface  and  was  found  to  be  perfectly  satisfactory,  but 
when  tried  in  the  pit  it  would  not  break  the  current.  I 
take  it  that  was  due  to  the  armouring  of  the  single-core 
cables,  which  were  over  three  miles  in  length,  lead  and 
return,  so  we  had  to  adopt  other  means  to  quench  the 
spark. 

Mr.  W.  Cr.^mp  :  On  page  391  the  author  says  that  it  Mr.  Cm 
might  pay  a  colliery  to  take  energy  from  a  local  power 
station.  I  can  hardly  imagine  a  case  in  which  this  would 
be  true.  With  such  load  factors  as  obtain  in  collieries, 
with  gas  often  available  and  small  coal  very  cheap,  I 
cannot  believe  that  it  could  pay  to  buy  current.  I  wish 
that  the  author  could  give  us  comparative  figures  of 
generating  costs  at  the  Powell  Duffryn  pits,  even  if  the 
actual  figures  are  withheld.  I  have  come  across  gas 
engines  running  in  collieries  wherein  the  chief  item  of 
expense,  apart  from  labour  and  capital  charges,  was  oil. 
This  may  often  be  the  case,  especially  with  large  horizontal 
gas  engines,  and  it  would  be  interesting  to  know  the  cost 
per  unit  of  lubricating  oil  to  run  the  Powell  Duffryn  engines. 
There  are  few  published  figures  of  efficiency  of  steam 
accumulators,  and  it  would  be  useful  to  know  what  sort  of 
efficiencies  are  obtained  on  those  referred  to  on  page  394  ; 
that  is  to  say  how  much  heat  is  actually  lost  in  the  accu- 
mulator itself.  On  page  395  the  calorific  value  of  the  gas 
is  referred  to.  It  at  once  occurred  to  me  to  enquire 
whether  the  author  had  had  anj'  trouble  with  pre-ignition. 
It  is  fairly  well  known  that  with  coke-oven  gas  of  410  B.Th.U. 
serious  pre-ignition  occurs,  particularly  during  long  over- 
loads. The  difficulty  seems  to  be  due  to  the  fact  that  the 
engines  are  designed  for  compression  corresponding  to  gas 
with  a  smaller  hydrogen  content.  The  author  has  mentioned 
to-night  that  he  has  had  trouble  with  pre-ignition  and  for 
that  reason  the  power  of  the  engines  has  had  to  be  written 
down.  Now  there  are  other  ways  of  getting  over  this 
trouble.  One  is  reduction  of  compression  at  heavy  loads  ; 
and  another  is  an  arrangement  which  mixes  the  air  with 
a  certain  amount  of  the  exhaust  gases  ejected  from  the 
cylinder,  thus  reducing  the  richness  of  the  mixture  and 
preventing  pre-ignition.  It  would  be  interesting  to  know 
whether  these  methods  have  been  tried  by  the  author,  and 
also  what  system  is  adopted  for  removing  tar  from  the  gas. 
Again  it  would  be  interesting  to  know  why  for  1,000  k.v.a. 
sets  the  low-speed  engine  is  adopted  at  all.  The  capital 
cost  per  kilowatt  is  much  greater  than  that  of  the  high- 
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I  used.  In  Ihesc  experiments  the  mixture  W3i  pressed 
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understand  how  the  author  obtains  improvement  in  power 
factor  due  to  the  Timll  regulator.  If  the  Tirrill  regulator 
were  put  in  a  rotary -converter  circuit  it  might  improve  the 
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medium  the  resistance  ol  the  nltenng  medium  is  much  too 
high,  or  else  power  is  being  thrown  away  in  velocity  head. 
The  haulage  diagrams  do  not  seem  to  be  quite  clear.  Is 
the  motor  relied  upon  entirely  for  control,  or  is  there  a 
clutch  ?  In  the  latter  case  can  it  be  put  in  easily  and  taken 
out  easily  by  one  man  ?  It  would  also  be  in: 
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DISCUSSION    ON   "ELECTRICITY   APPLIED  TO   MINING." 


Mr.  Hunt,     material  improvement  in  the  power  factor.    Low-speed 
induction   motors  must  have    comparatively  low    power 
factors,  and  in  order  to  work  as  high  as  possible  on  the 
power-factor  cuivc,  their  maximum  overload  capacity  is 
generally  lower  than  that  of  high-speed   machines.     The 
apphcation  of  an  exciter  to  such  a  machine  will  not  only 
have  a  marked  effect  upon  the  overall  power  factor  of  the 
system  (if  the  machine  be  large)  but  will  also  considerably 
increase  the  pull-out  torque,  often  a  matter  of  considerable 
importance.     As  an  illustration  of  this  I  would   mention 
the  application  of  a  Kapp  vibrator  to  a  motor-generator 
on   traction   service.      The  motor,  a  low-speed  one,  will 
carry  a  maximum  load  of  770  brake  horse-power  before 
pulling  up,  and  its  maximum  power  factor  at  400  b.h.p.  is 
0-87.     .A.  vibrator  connected  to  the  shp-rings  increases  the 
maximum  brake  horse-power   to  more  than  1,600    b.h.p. 
and     brings  the     power     factor    to     unity    over  a  wide 
range  of  load.     The  alternating-current  exciter  is  a  very 
valuable  machine  but  it  would  appear  to  be  a  mistake  to 
use  it  where  a  low  leading  power  factor  is  wanted.     For 
unity  or  perhaps  o'95  leading  power  factor  the  induction 
motor  and  exciter  is  ai)  ideal  combination,  but  for  lower 
power  factors,  i.e.  where  much  magnetizing  current  is  to 
be   supplied   to  the  system,  the   synchronous  motor  with 
a  continuous-current  e.xciter  is  the  cheaper  machine.     The 
reason  is  very  simple  but  does  not  seem  to  be  generally 
understood.  Consider  two  machines,  one  of  the  synchronous 
and  the  other  of  the  induction  type,  and  let  both  have 
exactly   similar    stator    windings ;    in    fact    let    them    be 
duplicate  machines.     The  first   motor   will   have   a   con- 
tinuous-current   exciter   and   the    second   an   alternating- 
currrent  e.xciter,  or  phase  advancer,  and  when  operating 
on  the  same  system,  loaded  to  the  same  extent  and  excited 
for  the  same  power  factor,  the  magnetic  fluxes  of  the  two 
machines  will  be  the  same.     The  machines  work  in  a  dual 
capacity ;  they  run   as  motors   receiving   energy  current 
from  the  system   and    act  as    converters    changing    the 
frequency  of  the  magnetizing  current  they  receive  from 
the   exciters  to   the   frequency    of    the   supply.     With    a 
continuous-current   exciter   the   rotor   must    run    at    syn- 
chronous speed  and  the  transmission  of  the  magnetizing 
current  to   the  stator   is  entirely  due  to  the  mechanical 
rotation  of  the  poles.     With  an  alternating-current  exciter 
the  transmission  is  partly  mechanical,  due  to  the  rotation 
of  the  rotor,  and  partly  electromagnetic  due  to  the  rotation 
of   the   magnetic   field   at  the   speed    of    slip.     Only   the 
transmission  due  to  the  rotation   of   the   magnetic   fields 
generates  an  electromotive  force  in  the  rotor  winding,  so 
that  for  small  slips  the  number  of  volt-amperes  required  to 
overcome   the   self-induction   is   small.      When,   however, 
a  machine  is  required  to  work  with  a  low  leading  power 
factor,  i.e.  to   supply  magnetizing  current  to  the  system, 
the  current  in  the  rotor  is  very  largely  increased  and  with 
it  the  slip.     Under  such  conditions  the  number  of  volt- 
amperes  required    to  balance   the   self-induction    of    the 
windings   is  greatly  increased   and   the   exciter  becomes 
very  much  more  expensive   than   the   continuous-current 
exciter  which   has  only   to    supply   the    voltage   due   to 
the    drop    of     pressure     in     the    rotor     resistance.      To 
sum  up ;  for  unity  power  *^actor  the  phase  advancer  has 
the  advantage,   but   for    leading   power    factor   the   syn- 
chronous  motor   with   continuous-current    exciter   is  the 
cheaper   machine.     There   is    another   point   to   which    I 


should  like  to  refer  in  connection  with  this  subject,  viz.  Mi-,  iiiin 
the  coupling  of  exciters  to  existing  induction  motors  in 
order  to  obtain  leading  power  factors.  Disappointing 
results  have  sometimes  been  obtained  because  the  fact 
has  been  overlooked  that  a  leading  power  factor  of  say 
0-8  requires  a  magnetic  llux  considerably  larger  than  that 
for  which  the  machine  was  originally  designed.  I  know 
of  cases  where  it  has  been  quite  impossible  to  obtain  the 
power  factor  expected,  not  because  of  any  fault  in 
the  exciter  but  simply  for  the  reason  that -the  area  of  the 
rotor  teeth  was  insufficient  to  carry  the  necessary  addi- 
tional flux.  If  an  existing  motor  has  highly  saturated 
teeth  it  is  useless  to  try  to  use  it  to  any  large  extent  as 
a  medium  for  the  supply  of  magnetizing  current.  The 
author  refers  in  the  paper  to  the  use  of  "  Cascade  "  motors 
for  driving  compressors  and  fans,  and  I  should  like  to 
supplement  his  remarks  by  giving  some  information  con- 
cerning the  speed  variations  which  can  be  obtained.  For 
fan-driving  the  range  of  speed  required  is  generally  con- 
siderably less  than  the  range  desirable  for  an  air  com- 
pressor, and  in  most  cases  two  speeds  in  a  ratio  of  3  : 2 
with  rheostatic  control  for  intermediate  speeds,  or  for 
speeds  below  the  second  one,  often  meet  the  case ; 
recently  an  intermediate  speed  has  been  found  possible, 
and  this  is  often  useful.  In  the  case  of  a  motor  wound  for 
say  12  and  18  poles,  an  extra  speed  corresponding  to  either 
14  or  16  poles  can  be  introduced.  For  compressor-driving 
3-speed  motors  are  often  used,  the  speeds  being  in  the 
ratio  of  6:3:2.  By  making  use  of  the  extra  speed  men- 
tioned above,  the  regulation  is  made  more  uniform,  and, 
for  example,  speeds  corresponding  to  12,  18,  24,  and  36 
poles  can  be  obtained.  In  the  3-speed  motor  there  is 
only  one  winding  in  the  stator  and  one  in  the  rotor,  and 
the  only  complication  introduced  in  obtaining  the  fourth 
speed  is  the  addition  of  a  second  winding  in  the  stator. 
Where  economical  speed  regulation  is  not  required,  the 
machine  can  be  run  at  its  "  Cascade  "  speed  only  and  then 
no  slip-rings  are  necessary.  By  the  use  of  a  motor  of  this 
construction  haulage  gears,  etc.,  can  be  driven  by  motors 
having  windings  which  are  practically  equivalent  to 
squirrel-cage  construction. 

Mr.  Llewellyn  Foster  (communicaied) :  I  notice  that  Mr- Fo^ 
the  author  makes  no  reference  to  the  question  of  break- 
down in  connection  with  the  electrical  plant  at  the 
Powell  Duffryn  collieries.  In  such  a  large  plant,  having 
over  500  motors  in  constant  work,  it  would  be  interesting 
to  know  what  breakdowns  have  been  experienced  and 
what  these  have  cost  to  repair.  There  was,  I  know,  a 
failure  of  one  of  the  turbo-alternators  a  few  months  ago, 
and  possibly  this  failure  may  have  been  due  to  some  weak 
construction  which  has  now  been  improved  upon.  All 
such  matters  are  of  much  interest  to  anyone  engaged,  as  I 
am,  in  the  insurance  of  electrical  machinery.  My  com- 
pany's experience,  extending  over  16  years,  shows  that  the 
cost  per  breakdown  of  alternating-current  motors  is  greater 
than  with  continuous-current  motors,  although  the  per- 
centage of  breakdowns  is  less  in  the  case  ot  alternating- 
current  than  of  continuous-current  machines.  It  would  be 
interesting  to  know  what  steps  the  colliery  electrical 
staff  take  for  noting  the  radial  air-gaps  of  these 
motors.  Radial  air-gaps  are  now  cut  down  to  such 
a  small  figure  that  it  is  essential  there  should  be  some 
ready  means  of  viewing  the  air-gap  whilst  the  motor  is 
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[)lSCrsS10N    ox    "ELECTRICITY    Al'PI.IKI)    TO    MIXING." 


Mr. Sp;iri:s.  Air  filu-fi. —  In  my  oinnion  ;iir  iiltration  is  the  most  valu- 
able accessory  that  has  been  intioduccci  for  many  years  for 
improving  the  reliability  and  output  of  colliery  plant,  but 
due  regard  must  be  paid  to  local  conditions. 

Mr.  Chattock  refers  to  the  drive  of  the  auxiliaries  at  the 
Penallta  Colliery.  In  this  instance,  the  circulating,  air- 
and  \vater-e.\tracting  pumps  arc  driven  by  an  au.xiliary 
steam  turbine  at  2,500  r.p.m.  From  the  experience  gained 
with  this  plant  I  am  of  opinion  that  it  is  desirable  to  drive 
the  circulating  pumps  separately,  and  I  prefer  this  method 
to  that  of  driving  all  pumps  from  one  auxiliary  turbine, 
even  if  the  circulating  pumps  be  gear-driven. 

In  replv  to  Mr.  D.iy,  the  desirability  of  using  low-speed 
circulating  pumps  in  order  to  avoid  corrosion  is  an  addi- 
tional reason  for  such  pumps  being  separateh'  driven. 

(6)  Use  of  t:\haiisl  steam. — Mr.  Scott  wishes  to  know  what 
is  the  storage  capacity  of  the  low-pressure  steam-receiver 
at  Bargoed.  He  correctly  estimates  it  at  30  seconds  with 
full  load  on  the  turbine.  It  must  be  pointed  out  that  in 
this  case  three  main  winders,  the  steam  compressor,  and 
the  fan  engine  exhaust  into  the  low-pressure  s\'stem,  so  that 
owing  to  diversity  between  three  variable  and  two  constant- 
running  engines  there  is  no  necessity  for  large  storage. 
With  regard  to  the  back  pressure  on  the  winding  engines, 
the  point  made  is  that  the  back  pressure  in  the  case  of  the 
Samuelson  type  of  holder  is  only  \  lb.  as  compared  with 
2^  to  si  lb.  on  the  Rateau  system.  If  an  addition.al  back 
pressure  of  2  to  3  lb.  be  put  on  the  exhaust  of  the  winding 
engine  the  time  of  the  winding  cycle  is  increased.  It  is, 
of  course,  impossible  for  any  storage  system  to  reduce  the 
back  pressure  due  to  the  engine  exhaust-ports.  As  men- 
tioned during  the  discussion,  this  is  the  first  application  to 
my  knowledge  of  the  utilization  of  low-pressure  steam 
where  the  increased  back  pressure  has  been  sufficiently 
small  not  to  affect  the  winding  cycle,  as  compared  with  a 
free  exhaust  to  atmosphere. 

Mr.  Watson  asks  for  the  maximum  distance  over  which 
it  has  been  found  economical  to  carry  exhaust  steam. 
While  the  losses  from  friction  and  radiation  are  often 
high,  it  must  be  remembered  that  exhaust  steam  if  not 
utilized  in  this  way  would  be  lost,  as  it  is  not  practicable 
to  have  an  independent  exhaust  or  mixed-pressure  steam 
generator  operating  on  an  independent  unit,  owing  to  the 
complication  that  would  arise  with  a  number  of  small 
units  and  the  high  capital  and  labour  costs. 

Mr.  Day  finds  that  in  100  applications  of  exhaust-steam 
utilization  75  per  cent  of  the  condensing  plants  are  of  the 
jet  type.  In  the  work  which  I  have  carried  out  the  per- 
centage is  70.  With  regard  to  the  general  design,  I  am 
in  entire  agreement  with  Mr.  Day  as  to  the  necessity  of 
simplicity  for  exhaust-steam  utilization  plants 

Mr.  Nelson  raises  the  question  of  surface  and  jet  conden- 
sers. The  principal  reason  for  using  a  surface  condenser 
with  the  Penallta  exhaust-steam  plant  was  to  obtain  suitable 
boiler  feed,  but  owing  to  the  difficulties  arising  with  surface 
condensers  combined  with  exhaust-steam  utilization  plants, 
my  present  practice  is  to  use  jet  condensers. 

In  reply  to  Mr.  Cramp,  I  regret  that  it  is  impossible  to 
give  the  efficiency  of  the  steam  accumulators  used.  Having 
regard  to  the  large  quantity  of  steam  passing,  tests  of  this 
nature  are  extremely  difficult.  It  must,  however,  be  pointed 
out  that  the  exhaust  steam  if  not  utilized  in  this  way  would 
be  wasted  and,  therefore,  even  with  low  efficiency  there 


is     a     material    gain     hy    using    even    inefficient    steam  Mr.  Sp:ii 
accumulators. 

(c)  Gas  engines. — In  reply  to  Mr.  Selvey,  the  gas  engines 
at  Bargoed  are  always  operated  with  coke-oven  gas.  Tlie 
test  figures  referred  to  are  for  this  gas,  and  no  tests  have 
been  made  on  the  plant  wilh  producer  gas.  I  agree  that 
Mr.  Selvey's  figure  for  the  thermal  efiiciency  of  a  modern 
5,000  kw.  steam  alternator,  viz.  20'3  B.Th.U.  per  watt-hour, 
represents  present-day  practice  ;  this  figure  is  comparable 
with  the  figure  of  i2-8  B.Th.U.  obtained  from  the  1,500  kw. 
gas  alternator  with  coke-oven  gas.  The  first  equipment  in 
the  Khyniney  Valley  consisted  of  steam  reciprocating  sets 
which  now  form  the  reserve  plant  referred  to  on  page  393. 
The  next  generators  set  to  work  were  the  exhaust  turbines 
at  Elliot  Pit.  In  the  first  instance,  the  gas-engine  plant 
was  run  in  parallel  with  one  reciprocating-engine  set  of 
750  kw.,  and  either  one  or  two  500  kw.  turbo-alternators. 
The  contractors  for  the  gas  engines  and  alternators  were 
responsible  for  the  parallel  running  of  the  gas-engine  plants 
with  one  another.  No  difliculty  has  been  experienced  in 
the  parallel  running  of  the  combination  of  the  various  units 
described. 

In  reply  to  Mr.  Burnand,  since  the  larger  gas  engines 
were  put  to  work  at  Bargoed  the  horse-power  per  cylinder 
for  low-speed  engines  operating  with  coke-oven  gas  has 
been  increased  from  500  to  1,000.  While  there  have  been 
difliculties,  as  I  pointed  out  in  the  paper,  this  gas-engine 
plant  has  been  sufliciently  successful  to  be  extended  on 
two  occasions,  while  an  additional  unit  of  1,500  kw.  capacity 
is  under  consideration. 

Mr.  Chattock  refers  to  the  thermal  efficiency  obtained. 
The  result  obtained  on  test  with  the  larger  gas  engines  on 
full  load  was  i2'8  B.Th.U.  per  watt-hour  at  the  switch- 
board, as  against  an  annual  average  of  18  B.Th.U.  per  watt- 
hour.  The  lower  average  thermal  efficiency  obtained  is 
due  to  the  plants  being  worked  as  stated  in  the  paper  well 
under  the  maker's  normal  rating.  The  first  gas-engine 
plant  was  erected  in  1907,  the  second  in  1908,  and  the 
third  in  1909.  From  the  experience  obtained  it  would 
be  possible,  as  pointed  out  by  Mr.  Chattock,  to  obtain 
with  a  modern  plant  results  substantially  below  18  B.Th.U. 
per  watt-hour.  With  regard  to  the  annual  load  factor  at 
which  the  use  of  gas  plant  is  advantageous  as  compared 
with  steam  plant,  this  depends  amongst  other  factors  upon 
the  relative  cost  of  fuel  and  gas.  '  In  a  colliery  district  this 
figure  would  rarely  fall  below  a  50  per  cent  load  factor. 

In  reply  to  Mr.  Cramp,  the  gas  engines  were  designed 
for  use  with  coke-oven  gas,  tlie  question  of  mixing  air  with 
a  proportion  of  the  exhaust  gases  was  considered,  and  it 
was  decided  not  to  adopt  this  method  but  to  work  with 
low  compression.  The  reason  for  the  reduction  in  rating 
pointed  out  by  the  author  was  not  due  to  pre-ignition,  but 
to  the  cost  of  repairs.  There  has  been  little  trouble  with 
pre-ignition,  although,  as  pointed  out  by  Mr.  Cramp,  pre- 
ignition  is  produced  by  running  the  engines  for  any  long 
period  on  overload.  With  regard  to  the  size  of  the  unit, 
although  the  first  gas-engine  set  was  rated  only  at  1,000  k.v.a., 
when  this  set  was  ordered  it  was  decided  that  if  satisfac- 
tory results  were  obtained  units  rated  at  2,000  k.v.a.  should 
be  used  for  the  extensions.  At  the  time  this  plant  was 
ordered  (1906)  no  high-speed  gas  engines  of  such  output 
of  English  or  Continental  manufacture  were  offered.  For 
further  extensions  high-speed  engines  are  under  considera- 
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end  of  the  line,  the  boo>ler  controls  only  Hit-  pressure,  but 
when  there  arc  ijrnerator*  at  both  end->  of  the  line  the 
booster  controls  the  power  factor  between  the  >>eiierators 
at  cither  end  of  the  line,  just  in  the  >.inic  way  .i^  tla-  power 
factor  can  l>e  altered  at  either  end  by  vaiyinj;  the  excita- 
tion ol   ■ 
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In  reply  to  Mr.  Beard,  the  present  power  requirements 
render  it  unnecessary  to  operate  at  a  higher  pressure  than 
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Mr. Sparks,    referred  lo  on  piis^e  327  is  iiecess:iry,  otherwise  there  is  a 
danger  of  birds  operating  the  Merz- Hunter  gear. 

(M  Dislribiilion  innlergroiind. — In  reply  to  Mr.  Jones  the 
whole  of  the  cables  in  underground  roadways  are 
suspended. 

In  reply  to  Mr.  Cramp,  the  stresses  to  which  cables  are 
subjected  in  underground  roads  are  in  no  way  com- 
parable with  those  in  engine  or  pump  rooms.  Rooms  of 
this  character  are  comparatively  free  from  settlement  and 
falls  to  which  the  cables  in  the  underground  roads  are 
exposed,  hence  the  necessity  for  suspension  in  roadways. 

(c)  Earlhiitg  conneclions.  Professor  Thornton  gives  as 
his  experience  that  "  dead "  short-circuits  between  the 
cores  of  a  multicore  cable,  lasting  during  "the  second" 
before  the  trip  gear  operates,  produce  no  external  effects 
on  the  armouring  except  the  blow  causing  the  fault.  I 
think  this  experience  must  have  been  gained  with  under- 
takings operating  with  comparatively  small  generating 
plant,  as  it  is  contrary  to  my  experience  with  short-circuits 
lasting  for  a  far  shorter  period  than  that  given  by 
Professor  Thornton.  The  only  cases  in  which  I  am  aware 
of  sheathing  being  unmarked  when  the  cables  are  con- 
nected to  a  large  system  is  when  a  special  system  of 
protection,  such  as  the  Merz-Hunter,  is  used  in  combina- 
tion with  effective  armouring  and  earth-plates. 

Mr.  Selvey  asks,  having  in  view  the  difficulty  of  earthing, 
whether  iron-clad  switchgear  should  be  entirely  accessible. 
Under  normal  conditions  with  the  whole  of  the  system 
bonded  the  risk  is  small,  but  in  event  of  the  earthed  sheath- 
ing not  being  continuous,  risk  arises.  The  remedj'  is  to 
see  that  the  conductivity  of  the  earth-plate  is  low,  and  that 
the  earth-return  conductor  is  made  an  integral  part  of  the 
cable. 

Mr.  Anderson  wishes  to  know  my  experience  of  the 
continuity  of  metallic  sheathings  and  bonds.  Owing  to 
the  difficulty  of  maintaining  good  conductivity  of  the 
sheathings  at  joints,  I  advocate  on  page  398  of  the  paper 
the  use,  in  addition  to  tlie  sheathings,  of  either  a  copper 
sheath  under  the  lead  or  an  additional  conductor  forming 
an  integral  part  of  the  cable  to  secure  an  efficient  connec- 
tion to  the  main  earth. 

Dr.  Worrall  raises  the  question  whether  the  armouring 
of  the  high-tension  pit  cable  is  a  sufficient  connection 
between  the  armouring  of  the  low-tension  system  in  the 
pit  and  the  earth-plate  on  the  surface.  Assuming  that 
the  neutral  point  of  the  low-tension  system  is  effectively 
earthed,  the  armouring  of  the  high-tension  cable  should 
be  sufficient,  but  owing  to  the  difficulty  of  securing  an 
effective  earth  at  the  pit  bottom,  it  is  necessary,  except  in 
exceptional  cases,  to  run  a  substantial  conductor  of  low 
resistance  between  the  pit  bottom  and  the  earthing  system 
on  the  surface,  the  armouring  of  the  high-tension  cable 
being  insufficient  to  ensure  protection.  Dr.  Worrall's 
statement  is  of  interest  ;  he  admits  that  while  the  average 
conductivity  of  the  earth-returns  was  within  the  limits 
required  by  the  Regulations,  in  one  case  total  discontinuity 
was  found.  This  points  to  the  desirability  of  the  earth- 
return  being  an  integral  part  of  the  cable,  as  recommended 
in  the  paper. 

id)  Earth-plates. — I  am  glad  to  see  that  Professor 
Thornton  agrees  that  more  efficient  earth-plates  are 
required  than  those  recommended  in  the  General  Regula- 
tions to  prevent  rise  of  pressure  on  cable  sheathings.     On 


page  401  1  draw  attention  to  the  fact  that  the  effectiveness  Mr.  i;p: 
of  the  earth-plate  is  due  rather  to  tlie  size  of  coke  bed  than 
to  the  dimensions  of  the  metallic  plate  itself.  The  earth- 
plate  described  by  Professor  Thornton  should  be  effective 
on  the  surface,  but  I  am  doubtful  whether  it  would  produce 
an  effective  earth  "  in-bye  "  until  further  tests  have  been 
made  as  to  the  conductivity  of  the  strata.  Further,  owing 
to  the  crush  and  movement  of  the  workings,  it  is  difficult 
to  maintain  any  effective  coke-bed  underground. 

Mr.  Hunter  states  that  with  normal  earth-plates  of  the  type 
recommended  by  the  General  I'iegulations  Fig.  1 1  suggests 
that  an  earth  fault  of  500  amperes  might  result  in  a  poten- 
tial difference  of  230  volts  between  the  earth-plate  and 
earth.  Taking  the  lowest  resistance  obtained  from  the 
earth-plate  recommended  in  the  General  Regulations,  con- 
nected two  in  parallel,  the  resistance  to  earth  would  be 
I  ohm,  and  Fig.  11  therefore  suggests  that  the  pressure  to 
earth  at  the  earth-plate  may  be  500  volts.  The  actual 
pressure  on  the  cable  sheathing  depends  largely  on  the 
condition  of  the  sheathing,  and  I  agree  with  Mr.  Hunter 
that  if  the  sheathing  is  in  good  order  and  of  very  low 
resistance  only  a  fraction  of  the  current  will  pass  through 
the  earth-plate.  From  accidents  which. have  occurred  it 
is  clear  that  the  sheathing  of  cables  becomes  charged, 
and  a  low  resistance  both  of  sheathing  and  earth-plates  is 
therefore  necessary.  Owing  to  the  difficulty  of  maintaining 
the  joints  in  sheathing,  I  recommend  that  the  earth-return 
conductor  should  be  an  integral  part  of  the  cable.  In  the 
special  case  mentioned  by  Mr.  Hunter  of  the  breakage  of 
the  earth  connection  at  a  motor,  I  agree  that  the  resistance 
to  earth  at  the  motor  is  more  important  than  the  resistance 
to  earth  at  the  earth-plate,  but  this  is  an  exceptional  condi- 
tion, and  under  average  circumstances  a  much  larger 
margin  of  safety  will  be  obtained  by  decreasing  the  resist- 
ance to  earth  at  the  main  earth-plates  than  is  provided  by 
the  present  I^egulations.  Where  practicable,  it  is  of  course 
advantageous  to  have  distributed  earth -plates  which  will 
further  reduce  the  class  of  risk  to  which  Mr.  Hunter  refers, 
but  it  is  difficult  to  make  an  effective  earth-connection 
underground.  In  connection  with  Fig.  10,  I  agree  with 
Mr.  Hunter  that  it  is  desirable  that  the  connections  to 
deeply  buried  earth-plates  should  be  made  by  insulated 
conductors. 

I  agree  with  Mr.  Beard's  remarks  as  to  the  difficulty  of 
providing  a  permanent  and  effective  connection  to  earth- 
plates.  The  most  suitable  method  is  to  use  a  tramway 
bond  expanded  into  a  cast-iron  plate  with  a  boss  of  ample 
section.  While  the  form  of  earth-plate  suggested  by  Mr. 
Beard  for  a  sub-station  earth  would  result  in  securing  an 
effective  earth  connection,  a  coke-bed  foundation  would 
not  be  sufficiently  strong  to  carry  the  weight  of  normal 
sub-station  buildings. 

The  tests  on  Mr.  Anderson's  earth-plate  are  of  interest 
and  show  the  difficulty  of  getting  a  low-resistance  earth 
even  where  special  pains  are  taken,  the  resistance  in  this 
case  being  some  i\  ohms  ;  I  suggest  that  a  similar  result 
could  have  been  obtained  with  one  of  the  cast-iron  pipes 
had  the  coke  bed  been  of  similar  area.  No  particulars  are 
given  as  to  the  characteristics  of  the  surrounding  soil  in 
which  this  earth-plate  is  buried.  In  further  applications 
of  this  type  of  earth  connection,  the  coke  bed  should  be 
placed  well  below  the  ground  to  reduce  the  potential 
gradient  on  the  surface. 
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automatic  devices,  eliminates  these  as  tar  as  possible.  I'he 
l()ijl  Report  of  Mr.  K.  Nelson,  H.M.  KIcctrical  Inspector 
of  Mines  shows  the  ratio  of  accidents  on  j-phase  systems, 
based  on  10  years'  records,  to  be  10  for  works  having 
insulated  neutrals,  and  3  for  those  with  earthed  neutrals. 
Mr.  C'  I cs  that  it  is  desirable  to  earth  the  neutral 

point,  ai  '.wo  i^ueslums,  viz.  (i)  As  to  the  use  of 

resistance  iii  sciies  with  the  earth  connection  :  (21  the  use 
of  reactance.  The  neutral  point  on  the  high-pressure 
and  ex(ra-high-pres>ure  generators  is  earthed  through 
resistance.  The  neutral  is  earthed  direct  in  all  cases  at 
sub-stations  where  the  pressure  is  t^an^fo^med.  Reactance 
h.ts  not  ye(  been  used  in  connection  with  the  Powell 
l)ut}r\n  undertaking,  although  1  use  it  in  connection  with 
oilu!    50-peiiod   undertakings  where    larger    powers   .c 

lllioi\i-<l. 

Mr.  Sco((  agrees  with  the  desirability   of  earthing  1: 
neutral   of   transmission   systems,  but    suggests   that  lo» 
tension  systems  used  for  mining  work  should  be  worked 
with  an  insulated  neutral.     While  it  is  possible  to  secur<- 
a  considerable  measure  of  safety  by  using  the  form  of  pi 
lecl  .>L-  in  the  numlx-i 

of  1  I  .»nd  fails  to  lie 

efltclive.      1  tic  iiuiii  ^HJtnl  utii,.ti  1  ^• 
city  and  relubihty  of  the  system  of   -,  <.- 

neutral  is  earthed.  In  view  of  the  essential  importance 
of  safety,  I  am  in  favour  of  the  simpler  system  which, 
while  taking  advantage  of  automatic  devices,  eliminates 
these  devices  as  far  as  possible. 

Mr.  Ii*xtcr  advocates  working  with  an  insulated  neutral 
III   view  of  tl.  ■     !V  into  darkness. 

The   main   a,  ed  in  tlie  paper 

aie  the  pov.^  ol  cul.iciKs.  and   not   l.ghting.     In 

a    pii.ftcrly    ;         .  .1  system  with  the  neulr.il  earthed. 

It  Is  unnecessary  to  shut  oS  the  whole  »i>;  ...ly  when  a  fault 
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lion  of  cables  has  t>een  i  c  for  37  per  cent  of  the 

underground  fatal  shoci.   ..^^ its;    one  was  on  a  low- 
pressure  three-phase  system,  two  on  niediuin-prcssurc  coo- 

tinuous-ci.  .     '.  the  reiiiaiiider   on 

pressure    ,  -.      Of    jll    the    t.' 


wan  me  neuiral  eaniied. 

This  statement  must  be  contrasted  with  Mr.  AiMlcrson  s 
statement  tliat  nearly  all  fatal  accidents  due  to  electricity 
below  ground  have  occurred,  not  on  unearthcrd  syslcms. 
but  on  earthed  systems  where  there  has  been  a  too  high 
resi^i  .  nth.     With  reference  to  the  •  (hat 

llu- ■!  ^led   in   l!>e  Rules  in  Ihr  M-  ire 


.lations  required  lo  t>c  supplied  to  all  electnciaiis  and 

:ant  electricians,  together  with  a  Memorandum  00  the 

Klectricity  Regulations  in  accordance  with  Section  88  (i) 
!    the  Coal  Mines  Act,   lyli.      L'ndcr  these  circum- 
t's,  the  importance  of  the  Memorandum  is  far  greater 
Uiaii  Is  suggested  by  Mr.  Anderson. 


SwncHUK.%R   AM>   Sl'lt-ST.\TIU.N    Evt'lfMCVT. 

Mr     C'h:«l!<->ck     while     .isreeinj!    w.:*'.    (hr     -.i-ie     r>f 


the 


This  Is  a  question  of  iiidi\idual  practice.  I  prefer  lo  use 
an  overload  attachment  with  a  high  setting  on  (he 
generators,  otherwise  in  the  event  of  a  breakdown  on  the 
iiuiii  station  busl>ars  a  V. 

Mr.  lirown  refers  to   :  .dor  im- 


.it  iiie  end  ol  each  iraQsiniSkioo  line  to  aiiecl  both  trans- 
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DISCUSSION   ON    "ELECTRICITY   APPLIED  TO   iMlNlNG." 


Mr.  Sparks,  mission  lincs  and  power  station.  The  size  of  the  under- 
taking has  not  yet  warranted  the  running  of  such  apparatus 
at  the  individual  collieries,  and  owing  to  the  present 
impracticability  of  applying  power-factor  correctors  to 
individual  motors,  it  is  proposed,  as  stated  in  the  paper,  to 
apply  power-factor  correctors  to  some  of  the  larger  motors. 
I  am  unable  to  follow  the  statement  as  to  the  probable 
saving  of  many  thousand  pounds  in  capital  expenditure 
through  the  use  of  a  synchronous  condenser,  the  only 
point  of  saving  up  to  the  present  would  be  in  the 
generators,  as  the  transmission  lines  would  not  have  been 
reduced  in  section.  As  will  be  seen  on  reference  to  the 
paper,  the  number  of  transformers  in  use  is  small.  When 
any  difhcultv  is  found  in  maintaining  pressure  regulation 
through  overloading  the  transmission  lines,  their  capacity 
will  be  increased  by  adding  power-factor  correctors  as 
indicated  in  the  paper. 

In  reply  to  Mr.  Cramp,  improvement  of  the  power 
factor  through  the  use  of  a  Tirrill  regulator  is  due  to  the 
maintenance  of  a  steadier  pressure.  For  instance,  when 
switching  on  an  alternating-current  winder  taking  say 
800  k.v.a.,  the  pressure  would  fall,  resulting  in  a  lower 
power  factor.  By  using  a  Tirrill  regulator  the  pressure  is 
maintained  at  a  more  constant  figure,  which  has  the  effect 
of  materially  improving  the  average  power  factor. 

Mr.  Hunt  suggests  that  some  of  the  larger  low-speed 
motors  should  be  fitted  witli  exciters.  An  analysis  of  the 
45,000  horse-power  of  motors  now  in  use  shows  that  few 
low-speed  motors  are  available,  and  that  the  majority  of 
these  are  of  variable  speed.  In  consequence,  the  scope  for 
correcting  the  power  factor  in  this  way  is  more  limited  than 
is  generally  recognized.  It  is  interesting  to  note  that  induc- 
tion motors  must  be  specially  designed  in  order  to  get  the 
best  results  with  power-factor  correctors,  owing  to  the  rotor 
teeth  being  of  insufficient  area  to  carry  the  increased  flux 
when  working  with  leading,  instead  of  lagging  power 
factor.  I  agree  that  the  simplest  method  of  power-factor 
correction  is  to  use  a  synchronous  motor  with  a  continuous- 
current  exciter,  but  unless  the  transmission  is  to  one  main 
point,  it  is  impossible  to  use  power-factor  correctors  of  this 
type,  owing  to  the  cost  (due  to  the  number  of  units  involved) 
and  the  difficulty  of  supervision. 

Mr.  Foster  asks  how  often  the  oil-insulated  transformers 
are  opened  out  for  inspection  and  the  oil  changed.  The 
usual  practice  is  to  change  the  oil  when  the  working  tem- 
perature exceeds  the  normal  with  transformers  operating 
at  rated  duty. 

Individual  Drives. 

Winders. — In  reply  to  Mr.  Leggatt,  I  pointed  out  during 
the  discussion  before  the  Institution  *  that  at  the  time  the 
electrification  of  the  Britannia  Colliery  was  under  con- 
sidera;,on  it  had  not  been  found  possible  to  interconnect 
the  whole  of  the  generating  stations  of  the  Powell  Duffryn 
Company,  consequently  the  large  unbalanced  load  at  the 
Britannia  Colhery  required  the  use  of  Ilgner  flywheels. 
Since  the  paper  was  written  the  20,000-volt  interconnector 
between  the  Aberdare  and  Rhymney  Valley  stations  has 
been  put  in  hand.  This  will  interconnect  stations  having 
15,000  kilowatts  of  plant  running  normally  to  meet  a  load 
of  some  11,500  kilowatts.  With  these  altered  conditions 
•  See  page  430. 


the   third    converter   set   for   the    Britannia   Colliery   just  Mr,  Spari 
ordered    is    an    ordinary   Ward    Leonard    set   without    a 
flywheel. 

Mr.  Shuttleworth  refers  to  the  inefficiency  of  the  control 
of  the  converter  sets  by  slip  regulators  on  the  induction 
motors.  When  this  plant  was  under  consideration  in  1910, 
enquiries  were  made  as  to  the  possibility  of  improving  the 
power  factor  and  returning  part  of  the  power  wasted  in 
resistance  to  the  system,  but  no  proposals  could  be  put 
forward  at  that  time  for  dealing  with  this  point.  I  am 
much  interested  in  Mr.  Shutlleworth's  statement  that  the 
recent  development  will  allow  the  return  of  the  bulk  of  the 
energy  now  wasted.  With  reference  to  his  suggestion  that 
a  large  annual  saving  is  available  on  the  basis  of  energy 
costing  id.  per  unit,  no  large  power  applications  such  as 
those  instanced  in  the  paper  would  have  been  possible  if 
the  cost  of  energy  had  approximated  to  this  figure.  I  am 
of  the  opinion  that  the  main  advantage  of  the  development 
proposed  is  in  the  improvement  of  the  power  factor,  and 
its  success  is  dependent  on  its  reliability.  The  question  of 
the  additional  expense  of  maintaining  the  existing  slip-ring 
regulators  is  a  minor  matter,  and  in  any  event  is  far  less 
than  the  cost  of  maintaining  a  commutator  motor. 

Mr.  Brown  suggests  that  the  winders  are  fi.tted  with 
double  commutators.  Reference  to  Fig.  21  shows  that 
this  is  not  the  case.  Each  winder  is  driven  by  two  motors, 
each  rated  for  a  maximum  output  of  2,150  horse-power 
and  having  a  single  commutator.  Having  regard  to 
the  size  of  the  winder,  it  is  of  great  practical  advantage  to 
drive  from  either  end,  and  although  the  failure  of  a  motor 
is  remote,  it  is  important  to  be  able  to  wind  at  reduced 
speed  should  one  motor  be  disabled.  With  regard  to 
brakes,  having  regard  to  reliability  it  was  decided  that 
two  braking  systems  must  be  available.  As  to  the  time  of 
braking,  this  is  dependent  upon  the  construction  of  the 
brakes,  it  being  possible  to  slow  up  in  less  time  if  the  wood 
brake  blocks  are  allowed  to  fire.  Having  regard  to  the 
duty  to  be  performed,  sluggishness  of  the  slip-ring  regulator 
is  not  a  disadvantage.  The  amount  of  power  required  to 
operate  the  same  is  small. 

Pumps. — In  reply  to  Mr.  Cramp,  constant-power  pumps 
have  not  been  used  up  to  now.  This  has  been  no  disad- 
vantage as  there  has  been  no  shortness  of  power. 

Veiililalion. — In  reply  to  Mr.  Cramp,  in  the  absence  of 
air  filters  and  in  spite  of  every  care  being  taken  an  accumu- 
lation of  coal  dust  will  be  found  in  underground  motors 
after  these  have  been  run  any  long  period.  To  minimize 
the  delay  and  inconvenience  due  to  shutting-down  plant 
for  cleaning,  it  has  been  found  beneficial  to  fit  air  filters 
to  the  larger-powered  pump  motors,  which  results  in  pro- 
longing the  life  of  such  motors.  The  comparatively  high 
air  pressure  is  due  to  the  filters  having  been  added  to  tlie 
original  equipment.  It  is  possible,  with  ample  space  for 
ducts  and  filter,  and  with  a  motor  designed  for  forced 
ventilation,  to  work  surface  plants  with  the  reduced  air 
pressure  of  from  i  to  i^  inches. 

Compressors. — Mr.  Jones  suggests  that  I  advocate  the 
use  of  continuous-current  motors  used  "  in-bye  "  for  com- 
pressor drives.  This  is  incorrect ;  I  only  advocate  the 
use  of  continuous-current  motors  where  variable  speed 
is  required  for  driving  large  compressors  on  the  surface 
until  suitable  alternating-current  control  is  developed.  I 
entirely  agree  in  regard  to  the  desirability  of  introducing 


|.WiM>i»;!nV    {»\    ■■  1  1  I crivMCITV    AIMM  tKI)   TO    MIN'INO" 


f575 


lite 


lIl^U   outl    U- 


IIIC    M'Wd     it^vi    1^ 


II 


I 

Mil  II: 

Ihc 
brake. 

Sm 


I  s     ll-.i        U^v^        III  .111.-.  I   lU- 

ihik    tv|>c    ii>       on  a  iio 


bv  N 

Ml 

been 


Liui|{c  .to  Vl4 


ami    ihc    coiit   o(   rcfvair   of   the   500 


Willi  iri<7i>.i:  >.   ul   the  luibu-aluiiiuiur,  tills 

wj»  due    to  lie   rotor    design,    winch    was 

chininaled  m  >  ago,  following  the  f;iilurc  of   an 

altefnalor    in td   about    the    same    date.      I    am 

unable  to  deal  with  the  point  as  to  the  relative  life  of 
continuous-current  as  compared  with  alternating-current 
motorv  as  I  seldom  u^e  the  former  in  mining  work. 
Cai'  on    taken    not    to   purchase   motors   having 

slU.. 

Lighting. 

Uintri  /jm/>s. — Mr.  Stretton  confirms  my  experience 
that  the  main  factor  in  the  succcbsful  application  of  these 
lamps  Is  cleanhncss. 

Mr.    Burnand   questions  the  possibility  of   further  im- 
pruvemeiil    bv    reduction    in    weight    or    increased    hght, 
■    in   the    bulbs,   owing   to    physical 
tiire.     This   is    answered    by    Mr. 
Ku  at    the    probable    incii-.i-c    of 

lij;:.  I  weight  when  hall-wait  lamps 

o<  this  suEC  are  developed,  together  with  the  prospect  of 
the  reduced  weight  ol  cell  with  improved  vacuum  lamps. 

Hrofc&sor  Tlioniton  advocates  the  use  of  an  electric 
indicator  as  an.  additional  attachment  to  the  miners' 
safety  lamp.  In  view  01  the  usage  these  lamps  are  sub- 
ject to  maintain  efiicicnilv  such  a 
co:  hmcnt.  Further,  il  i>  t---fiili.il 
til..  .'.V  attention  to  the  v>f 
ga-  _  I  :.ic(or  in  favour  of  tl.v  -  ly 
lamp. 

In  repiv  I.,  vir.  Edmundson,  the  pre^^nt  high  co«l  ol 
bulb  m.  IS  due  to  the  difference  in  pressure  given 

by  thi-  v^.i.   \«.  .til  newly  charged,  as  compared  with  the 
diM.!iaigc  prcs>uic.     This  iiiu^l  always  result  in  hiijli  bulb 
lu.in.'.iiiincc.     In  the  absence  of  anv  p» 
l.>d;i^  Uic  ^>rcssurc,  it  is  to  be  lio(>cd  that  \« 
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Mr.  Scott,  while  agreeing  with  me  as  to  Ihc  d 


to  the  tlsk  ul    i 

tenance   throu.. 

insulated  wires,  I  advocate   tlic  •.. 

of  substantial  section,  run  on  in>..   . 

of   the   roadu-ay.     If   this   s>-slein   is   used   wtlh  codotcd 

switches  the  risk  is  a  minimum. 

Profcss4>r  Thornton  states  that  he  was  no<  aware  U  the 

■' open  sparking  '   i 

-    wt-rr   !--'.it-<1    m 
diiiiculty 
and   13441 

not  exceeding  3^  volts  01 
was  no  risk  from  "  open 

the  jwint  where  such  -  comes  dangerous  Ki:,; 

placed  Oil  llic  niiiie  owik:,    .lijciil  or   manager.     If  I'l^*- 

fr-.M^>r  riu.iiiioii  Was  not  aware  of  the  cnticai  point  il  was 

lor   any    mine   ov^  it   or    manager    to 

the    same.      He  t'-e    v-aluc   of     the 

Id   lests  oA'inj;  to 

U    - jii  the  strength  of   i: 

tests   were    carried    out    by   the    Home    < 
and,    while    w-atching   the   electncal    t-^^-- 
owner  s  lH'h.ilf.  I  had  no  hesitation  in    . 

lllclll  t'l    ' 

W1.IC  sat 

as   t:  Mil  <*u  a  • 

the  1  y  testetl  • 

(see  Ap(>eiidix  (JiJ.     As   to   the 

safety  in  future,  I  am  indebted  t' 

pointing  out  the  importance  of  b: 

by  noinnductive  resistance  insleai;  ^.  «    ■  r. -- 

rrsisunce  acro»s  the   trembler  c-ooucl.     While  this  solu 
-    awjy     with     the    necessity    for     "  -^ 

^  switch  advocated  on  j^agc  ^i.\   - 
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DISCUSSION   ON    "ELECTRIC   COOKING." 


Mr.  Sparks.  I  Still  feel  it  preferable  to  use  such  a  switch  rather  than  to 
allow  signalling  bj'  bridging  the  bare  sign:illing  wires. 
With  regard  to  the  factor  of  safety  at  Songhenydd, 
Professor  Thornton's  inference  as  to  the  absence  of  a 
factor  of  safety  is  not  justified.  The  safe  current  sug- 
gested by  Dr.  Wheeler  was  tested  under  different 
conditions  from  those  prevaihng  in  the  pit,  and  I  think, 
in  view  of  the  importance  of  the  matter,  tliat  additional 
Government  tests  sliould  be  carried  out  under  conditions 
that  could  not  admit  of  question  before  any  positive  state- 
ment can  be  made.  Wlien  such  tests  are  made,  the  safety 
limits  should  no  longer  be  detined  in  volts  and  amperes. 
With  regard  to  the  future,  I  do  not  advocate  repeating  the 
Senghenydd  conditions,  and  I  have  defined  the  conditions 
which  I  consider  desirable  on  page  423,  sub-headings  (i) 

to  (5). 

Dr.  Garrard  refers  to  an  electric-bell  relay  which  elimi- 
nates sparking  altogether.  Tliis  is  one  of  the  systems 
advocated  on  page  424  of  the  paper. 


Dr.  Morris  confirms  the  opinion  stated  on  page  424  of  Mr.  Spa 
the  paper  as  to  the  safety  of  tlie  alternating-current  system 
when  applied  to  electric  bell  signalling. 

Professor  Marchant  advocates  the  use  of  a  non-inductive 
resistance  for  shunting  the  magnet  coils  of  the  bell.  This 
is  a  material  improvement  on  the  safety  arrangement  (2) 
suggested  on  page  423  of  the  paper.  At  the  same  time 
I  am  of  tlie  opinion  that  it  is  advisable  to  minimize  the 
risk  of  "  brcak-tlash "  on  the  wires  by  the  use  of  an 
enclosed  switch,  as  recommended  in  sub-heading  (5)  of  the 
paper. 

In  reply  to  Mr.  Clotliier,  Fig.  32  has  been  inserted  in  the 
paper  and  shows  the  battery  distributed  over  the  line,  thus 
meeting  the  point  raised  re  my  statement  (3)  on  page  423. 
The  information  as  to  the  characteristics  of  the  rel.ay  for 
operating  bell  circuits  is  of  interest,  and,  if  this  is  t.atis- 
factovily  developed,  the  alternative  (B)  mentioned  on 
page  424  of  the  paper  should  in  most  cases  take  the  place 
of  the  arrangement  suggested  under  (A). 


DISCUSSION    ON 

"ELECTRIC   COOKING."* 

Yorkshire  Local  Section,  io  March,  1915. 


Mr.  R.  H.  Campiox  :  On  the  assumption  that  the  cooking 
load  can  be  supplied  at  id.  per  unit  there  is  certainly  a 
good  case  for  the  electric  heating  of  water  at  Jd.  per  unit, 
but  I  think  that  central-station  engineers  have  already 
taken  a  very  liberal  and  broad  view  in  offering  such  rates 
as  -J-d.  per  unit.  In  fact  it  has  been  said  for  some  time 
that  central-station  engineers  have  done  their  share  and 
that  manufacturers  ought  to  do  more  ;  the  contractors  also 
ought  to  help  to  push  the  apparatus.  I  think  that  for  a 
load  factor  of  lo  per  cent  (I  propose  for  the  present  to 
leave  out  of  consideration  the  question  of  diversity)  the 
rates  quoted  by  most  supply  authorities  are  very  liberal.  I 
was  verj'  interested  in  the  author's  figures  for  the  average 
consumption  of  electric  energy  per  month,  because  at 
Dewsbury  we  have  now  adopted  the  assessment  tariff — 
15  per  cent  of  the  rateable  value  and  |d.  per  unit — and  I 
find  that  those  consumers  who  have  cooking  apparatus  use 
about  250  units  a  month.  That  is  a  very  fair  consumption 
with  a  family  of  four  or  five,  and  it  is  with  the  condition 
that  ths  consumer  who  accepts  this  assessment  tariff  must, 
according  to  his  rateable  value,  install  a  certain  amount  of 
heating  or  cooking  apparatus.  I  copied  the  Manchester 
tariff  in  regard  to  the  amount  of  heating  and  cooking 
apparatus  which  must  be  installed,  and  I  find  that  in  nine 
— in  fact  almost  eleven — cases  out  of  twelve  the  consumer 
installs  heating  apparatus  only.  Now  from  our  point  of 
view — and  the  author  mentioned  this  point — heating  appa- 
ratus provides  no  load  for  the  central  station  in  the  summer 
months.  Those  consumers  who  have  got  heating  apparatus 
*  Paper  by  Mr.  W.  R.  Cooper  (see  page  473). 


are  only  taking  10  units  a  month  in  the  summer  as  against  Mr- 
250  units  a  month  in  the  case  of  those  who  have  cooking 
apparatus.  I  have  installed  a  water-heating  apparatus  for 
office  purposes  and  I  find  that  on  the  average  it  only 
requires  9  units  a  week.  The  question  of  the  outlay 
necessary  when  cooking  apparatus  is  installed  is  a  very 
important  point.  We  have  at  Dewsbury  some  fairly 
wealthy  men,  and  I  find  that»they  will  not  install  apparatus 
even  at  half  the  price  that  the  author  has  paid.  They  say 
they  will  hire  the  apparatus,  but  will  not  spend  £,\2  10s. 
on  buying  it.  It  looks  as  if  engineers  are  much  broader- 
minded  tlian  some  wealthy  manufacturers.  As  the  author 
says,  when  the  cooking  apparatus  has  been  installed  there 
is  the  hot-water  problem.  If  the  coke-fired  boiler  is  not 
adopted,  then  of  course  the  consumer  has  been  served  in 
only  half  the  way  that  he  should  have  been  and  he  will 
certainly  be  lost  to  the  undertaking.  This  question  of 
water  heating  is  a  very  difficult  problem,  and  if  it  is  to 
be  at  only  Jd.  a  unit  the  margin  of  profit  for  the  supply 
authority  will  be  very  small  in  these  times  when  coal  is  so 
expensive.  I  wish  to  endorse  what  the  author  has  said  in 
regard  to  the  earthing  of  apparatus.  As  regards  the  use  of 
a  thermometer,  I  have  always  wondered  how  cooks  manage 
without  thermometers  and  how  they  are  able  to  guess  the 
temperature  by  placing  their  hands  inside  the  oven.  With 
regard  to  the  bending  tests,  I  was  rather  surprised  when  I 
looked  at  No.  17  where  a  steel  wire  is  used.  We  have  all 
found,  and  I  think  most  of  the  cable  manufacturers  are 
now  coming  round  to  that  view,  that  a  steel  wire  inserted 
in  a  flexible  cable  increases  the  mechanical  strength  con- 
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Mr.  Wright  meal,  and  I  think  we  can  take  that  as  a  very  creditable 
performance.  Personally  I  am  rather  sceptical  as  to  the 
claims  made  by  some  manufacturers  of  electric  cooking 
apparatus  as  to  the  greater  efficiency  to  be  obtained  by 
electric  cooking,  as  against  gas  or  coal.  I  do  not  think 
there  can  be  very  much  in  it  and,  as  the  author  mentions, 
it  is  altogether  a  question  of  the  correct  regulation  of 
temperature.  There  are  many  other  advantages  of  electric 
cooking  mentioned  in  the  paper,  such  as  cleanliness, 
regulation  of  temperature,  reduction  of  waste,  which 
are  bound  to  appeal  strongly  in  its  favour,  but  I  think  the 
difficulty  at  present  is  the  great  difference  in  first  cost 
of  tiie  apparatus  as  compared  with  gas  or  coal  cooking. 
As  soon  as  these  become  comparable,  electric  cooking  will 
come  much  more  extensively  into  domestic  use  and  a 
reduction  of  the  cost  ot  current  and  maintenance  will 
automalicallv  follow. 

srr.  \V:iiiis.  Mr.  E.  C.  Wallis  :  I  feel  sure  that  electric  cooking  is 
one  of  the  coming  things.  The  people  who  cook  are  very 
conservative  ;  they  were  at  first  very  unwilling  to  adopt 
gas  cooking,  and  at  present  are  not  anxious  to  try  electric 
cooking,  but  this  feeling  will  be  gradually  overcome. 
Great  progress  has  already  been  made,  but  I  consider  that 
the  manufacturers  of  the  apparatus  have  a  great  deal  yet  to 
leai-n.  I  sometimes  think  that  if  those  who  make  things 
had  to  use  them,  they  would  gather  some  very  valuable 
hints.  In  the  construction  of  electric  ovens,  for  instance, 
consideration  must  be  shown  for  the  people  who  have  to 
use  them.  The  slides  which  pull  out  are  not  always  so 
arranged  that  when  they  pull  out  they  will  be  self- 
supporting.  Electric  ovens  are  made  where  such  slides 
only  rest  on  ledges.  That  is  not  sufficient.  Ledges  are 
needed  above  the  shdes  as  well  as  underneath.  It  is  by 
attention  to  such  details  that  perfection  is  attained.  Then 
again,  as  the  author  has  said,  the  position  of  the  switches 
is  most  important.  If  the  side  of  the  oven  on  which  the 
switches  are  fixed  has  to  be  put  very  near  to  a  wall  the 
cook  cannot  see  the  switches  which  she  is  using,  so  that  it 
is  very  difficult  for  her  to  control  them  properly.  Years 
ago  we  used  to  have  to  complain  of  the  connections 
between  the  sockets  on  flexible  cords  and  the  plugs  on 
apparatus.  They  used  to  get  almost  red  hot  if  people  did 
not  take  the  trouble  to  put  them  in  carefully.  It  occurs  to 
me,  as  it  has  occurred  to  the  author,  that  electric  apparatus 
for  cooking  or  heating  needs  frequent  attention,  on  the 
principle  of  the  old  adage  that  "  A  stitch  in  time  saves 
nine." 
Mr.Lan".  ^^^-  ^^'-  Lang  :  I  propose  to  confine  my  remarks  to  the 
question  of  flexible  wires.  I  am  afraid  that  the  author 
has  not  gone  into  the  tests  with  much  experience  or  inside 
knowledge  as  to  what  is  required  for  different  types  of 
flexible  wires,  or  even  what  is  likely  to  take  place  by  sub- 
jecting different  makes  of  wires  to  similar  tests  ;  and  he 
reaches  really  no  conclusions  at  all.  In  connection  with 
the  tests  he  says,  "  ordinary'  flexible  wires  vary  very  much 
in  their  mechanical  properties  and  it  is  not  necessary  to 
depart  from  the  ordinary  type  to  get  excellent  results."  I 
think,  however,  that  his  own  tests  show  that  there  are  very 
great  differences  between  the  various  types,  and  perhaps 
an  intelligent  investigation,  of  the  dift'erent  kinds  might 
disclose  wh}'  one  is  weak  or  why  another  is  stronger  or 
gives  a  better  apparent  result.  It  will  be  noticed  that 
some  of  the  wires  tested  were  insulated   with  a  double 


covering  of  pure  rubber  and  others  with  pure  rubber  and  Mi.  Lai 
vulcanized  rubber.  Apparently  the  autlior  has  not 
dift'erentiated  between  the  two  in  regard  tp  their  value  for 
different  classes  of  work.  Since  pure-rubber  insulation 
is  quite  useless  in  damp  places  or  in  positions  where  a 
considerable  amount  of  heat  is  likely  to  afl'ect  the  rubber, 
the  author's  tests  on  purc-rubber-insulated  flexible  wires 
for  this  particular  class  of  work — that  is,  for  use  with  hot 
apparatus — are  in  my  opinion  of  no  use  whatever.  After 
it  has  been  used  for  a  short  time  with  a  hot  utensil  the 
flexible  wire  will  alter  radically  ;  thougli  I  do  not  think 
the  copper  conductors  would  be  materially  affected,  yet 
the  insulation  would  deteriorate  so  very  much  that  its  use- 
fulness would  be  quite  destroyed.  At  any  rate  the  results  of 
the  author's  tests  bear  no  relation  at  all  to  the  value  of  the 
insulation  from  the  point  of  view  of  actual  working  con- 
ditions. The  test  on  wire  No.  5  he  states  is  unsatisfactory, 
yet  judging  by  the  figures  for  the  number  of  complete 
bends  the  result  is  just  what  I  should  expect.  The  insula- 
tion being  of  pure  rubber  is  at  an  advantage  for  such  a 
test.  That  is  to  say,  these  very  small  40  S.W.G.  wires 
being  insulated  with  pure  rubber  are  not  affected  by  the 
heat  as  are  flexible  wires  insulated  by  vulcanized  rubber. 
The  actual  process  of  manufacture  of  vulcanized-rubber 
flexible  conductors  so  heats  the  very  small  wires  that  they 
become  considerably  shorter  when  they  are  put  into  use. 
Therefore,  if  a  vulcanized-rubber  wire  is  tested  and  one 
expected  to  obtain  the  same  result  as  with  a  flexible  cable 
of  the  same  size  insulated  with  pure  rubber,  the  results 
will  differ  for  the  reason  mentioned  above.  The  test  on 
No.  6,  which  the  author  on  page  479  mentions  as  being 
an  "  Association  flexible  wire,"  is  of  course  what  we  should 
naturally  expect.  I  think  that  it  is  really  a  very  satis- 
factory test  indeed  for  a  pure-rubber-insulated  wire,  and  it 
gives  a  very  good  breaking  stress.  In  spite  of  that,  how- 
ever, it  is  not  the  flexible  conductor  that  I  should  recom- 
mend anyone  to  use  with  heating  apparatus.  The  wires 
should  be  of  38  S.W.G.  Those  special  flexible  conductors 
made  with  steel  strand  are  inherently  unsuitable  in  my 
opinion.  I  do  not  think  any  composite  wire  for  this  class 
of  work  would  be  satisfactory.  There  is  the  difference 
between  the  bending  of  steel  wire  and  of  copper  wire, 
and  unless  the  actual  stress  is  identical  in  the  two  cases 
there  will  be  comparatively  so  much  friction  between  the 
copper  and  steel  strands  that  a  very  short  life  will  result. 
No  composite  flexible  wires  have  been  successful  except 
those  made  for  army  purposes,  such  as  field  telegraph 
wires,  which  with  few  exceptions  are  made  up  entirely,  or 
almost  entirely,  of  steel  wires  and  are  so  constructed  as  to 
be  strong  enough  to  withstand  bodies  falling  upon  them  or 
men  tripping  over  them.  I  know  of  no  wires  of  this 
nature  which  are  really  of  any  value  whatever.  Wire 
armouring  is  a  very  poor  method  of  protecting  small 
flexible  cables.  The  weakness  lies  in  trying  to  strengthen 
by  metal  wires  a  wire  which  has  to  stand  continual  hand- 
ling. This  in  practice  is  found  to  defeat  its  own  purpose. 
There  are  other  and  better  methods  of  protection  if  this  is 
necessary,  and  generally  speaking  the  principal  object 
should  be  lightness  in  weight  as  well  as  flexibility  in 
the  material  which  has  to  act  as  the  extra  protective 
covering. 

Mr.    P.   COLLINSON  :    As   a   contractor    I    am   naturally  Mr. 
interested    in    this    question    of    electric  cooking.      The  CoUmsi 
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Mr.  Moss,  replace  faulty  elements  free,  inasmuch  as  tliej'  gain  more 
in  the  end  than  the  contractor  docs  as  the  middle-man. 
My  electric  lighting,  cooking,  etc.,  costs  on  tlie  rateable- 
value  basis,  which  I  very  much  appreciate,  something  like 
£4  I  OS.  per  half  year  and  1  am  very  well  satisfied. 

Mr.  Cooper.  Mr.  W".  R.  CooPER  (//)  nfly) :  In  regard  to  most  of  the 
points  raised  in  this  discussion  I  must  refer  speakers  to 
my  remarks  in  reply  to  the  discussions  at  London, 
Birmingham,  and  elsewhere,  more  particularly  as  to  the 
class  of  consumer  to  which  my  results  apply,  the  size  and 
cost  of  appar.atus,  etc.  The  remarks  of  Mr.  Campion  on 
maintenance  strongly  support  the  views  expressed  in  the 
paper.  It  is  clear  that  the  figures  which  he  gives  are 
uncommercial.  In  time,  no  doubt,  the  cost  of  maintenance 
will  become  quite  small,  but  meanwhile  the  cost  above  a 
certain  figure  should,  in  my  opinion,  be  borne  by  the 
manufacturer  if  we  are  to  make  proper  progress.  In  this 
I  agree  with  Mr.  Moss.  I  doubt  if  these  small  repairs  can 
be  carried  out  on  a  suitable  basis  by  a  contractor, 
because  contractors  must  see  some  profit  on  their  work, 
as  Mr.  :Moss  suggests.  The  electricity  undertaking,  on 
the  other  hand,  sees  a  profit  from  the  supply  of  energy, 
and  can  therefore  afford  to  carry  out  these  repairs  at  cost 
price. 

Referring  to  the  remarks  of  Mr.  Wright,  a  house  of  Xas- 
£20  rental  would  not  need  nearly  such  a  large  cooker 
as  the  case  to  which  I  have  referred.  Also  it  is  cheaper 
to  put  plant  into  a  house  when  building  than  subsequently. 
I  think  that  for  such  a  case  a  cooker  and  coke  boiler  could 


be  installed  for  well  under  ^^20  ;  much  depends,  of  course,  Mr.  Coopi 
upon  the  selection. 

I  am  interested  in  tlie  remarks  of  Mr.  Lang.  The 
troubles  that  I  have  experienced  have  not  been  due  to 
heating  of  the  flexible  wires,  because  they  iiave  been 
attached  by  porcelain  connectors.  I  purposely  did  not 
draw  any  very  definite  conclusions  from  my  tests,  as  I  felt 
that  a  proper  consideration  of  the  results  required  a  know- 
edge  of  cable-making,  which  I  do  not  possess  ;  but  there 
are  other  engineers  who  I  hope  may  be  able  to  draw  useful 
conclusions.  I  do  not  agree  that  armouring  is  useless,  as  the 
results  obtained  with  sample  No.  10  are  excellent,  but  this 
sample  belongs  rather  to  tlie  larger  class  of  flexible  cables. 

In  reply  to  Mr.  Collinson,  I  do  not  think  he  need  invest 
nearly  so  much  as  ^20  per  cooker  for  the  case  which  he 
considers.  Hiring  out,  however,  is  unquestionably  a 
difficult  proposition  for  a  contractor  and  can  be  undertaken 
far  better  by  the  supply  authority.  As  to  the  cost  of 
cookers,  this  must  depend  largely  upon  the  turnover  of  the 
manufacturer.  There  have  been  heavy  experimental 
expenses  which  the  manufacturer  naturally  wishes  to 
recover,  but  as  soon  as  the  turnover  can  be  large,  with  a 
standard  design,  the  establishment  charges  per  cooker 
must  fall,  and  the  price  can  then  be  reduced. 

In  reply  to  Mr.  Moss,  I  would  not  suggest  the  earthing 
of  all  portable  apparatus  in  a  house.  This  is,  in  my 
opinion,  unnecessary.  But  there  are  positions,  such  as 
bathrooms,  where  earthing  should  be  adopted,  as  well  as 
in  the  kitchen. 
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Mr.  F.  S.  Grogan"  :  In  the  adverse  criticism  which  I 
have  to  make  on  this  paper  I  wish  to  make  my  position 
quite  clear.  I  do  not  speak  from  the  point  of  view  of  one 
manufacturer  against  other  types  of  electric  cookers,  but 
as  representing  all  those  men,  not  only  manufacturers  but 
station  engineers,  who  have  devoted  some  years  to  the 
advancement  of  the  electric  cooking  business.  I  maintain 
that  the  figures  published  are  those  of  a  special  case  which 
is  not  at  all  representative  of  the  general  results  obtained. 
[The  remainder  of  Mr.  Grogan's  remarks  were  substantially 
the  same  as  those  which  will  be  found  under  his  name  on 
page  487.] 

Mr.  T.  Smith  :  I  consider  that  the  author  has  taken  a 
very  unfair,  I  might  say  artificial  case,  and  it  looks  almost 
as  if  he  allowed  himself  to  be  misled  into  believing  that 
the  results  he  has  obtained  are  representative  of  the 
results  obtained  with  electric  cooking  generally.  Were 
it  not  for  his  position  and  interest  in  the  question  of 
electricity  supply,  I  would  say  that  the  matter  had  been 
handled  by  a  competitor  whose  endeavours  were  confined 
to  proving  that  electric  cooking  was  a  complete  failure. 
We  have  for  instance  a  consumer  purchasing  a  X23  outfit, 
when  apparently  the  joints  to  be  cooked  are  only  about 
5  lb.  in  weight.  He  must  be  aware  that  he  can  purchase 
several  outfits  which  would  have  met  his  requirements  for 
less  than  half  this  amount ;  to  mention  two  onl}',  I  would 
refer  him  to  the  "  Carron "  and  the  "  Jackson."  Also 
utensils  to  the  value  of  £2  5s.  od.  are  mentioned,  an 
absurd  figure  even  for  good  aluminium  utensils  ;  further,  a 
charge  of  £g  4s.  5d.  for  wiring,  a  figure  which  ought  to 


be  sufficient  to  include  a  service  off  the  street  distributor,  Mr.  Smitl 
and  the  wiring  to  a  cooker  in  any  ordinary  house.  The 
information  given  as  to  the  loss  of  weight  of  meat  in  the 
process  of  cooking  is  certainly  in  favour  of  the  electric 
cooker,  although  the  author  wishes  us  to  believe  that  it 
is  not  worth  considering.  The  surprising  part  is,  with 
such  small  joints  and  the  heavy  consumption  of  energ}', 
that  any  saving  at  all  is  shown.  The  tests  are  not 
altogether  fair,  as  they  have  been  taken  with  ribs  of  beef 
only ;  it  would  be  interesting  to  know  why  mutton,  veal, 
and  porkjjhave  been  excluded.  Had  this  been  done  the 
results  would  have  shown  more  in  favour  of  electric 
cooking.  I  think  we  have  reasons  to  be  proud  of  even 
a  14-1-  per  cent  loss,  but  I  think  a  good  cook  can  easily 
make  this  10  per  cent  on  all-round  cooking.  The  method 
of  regulating  the  heat  of  the  oven  is  peculiar,  and  I  imagine 
that  once  the  new  toy  period  is  over,  the  cook  will  give  up 
"  fiddling  "  with  the  low  heat  and  will  settle  down  to  a  more 
rational  method.  As  to  the  thermometer,  I  think  a  cheap 
portable  one  to  hang  inside  the  oven  is  useful,  just  to 
lend  to  the  scientifically  inclined  consumer.  I  say  cheap 
because  it  soon  gets  broken,  and  indeed  the  sooner  the 
better.  The  question  of  plugs  is  important,  but  the 
trouble  will  be  overcome  when  a  reliable  interlocked 
switch  and  plug  is  brought  out.  I  certainly  think  that  the 
design  shown  in  Fig.  2  would  aggravate  the  trouble  which 
it  is  supposed  to  remedy.  I  consider  the  suggestion  of 
using  special  flexible  cords  to  be  a  good  one,  and  no  doubt 
if  we  had  suitable  connectors  the  "  cab-tyre "  type  is  the 
best   at   present   obtainable.     The  result  of  the  tests  on 
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appreciate  his  point  of  view  and  understand  his  require- 
ments. 

Mr.  J.  H.  C.  Brooking  :  Information  that  I  have 
received  from  central-station  engineers  all  over  the  country 
shows  tliat  Hexible  cables  appear  to  be  the  weakest  point 
in  connection  with  portable  heating  appliances.  There- 
fore, although  the  tests  of  "  bcndability"  described  in  the 
paper  hardly  seem  necessary  in  connection  with  electric 
cookers,  which  are  generally  permanent  fixtures,  they  will 
possibly  be  of  interest  to  some  engineers.  There  is, 
however,  more  necessity,  for  the  purposes  of  the  present 
paper,  to  deal  with  other  causes  of  failure  in  ordinary  cables 
used  in  connection  with  cookers,  etc.,  such  as  kinking  and 
abrasion,  and  more  particularly  in  regard  to  immersion  in 
steam,  moisture,  and  grease  due  to  cooking  utensils  boiling 
over.  No  reference  is  made  in  the  paper  to  troubles  from 
these  causes,  and  most  of  the  tests  described  are  upon 
cables  with  fibrous  protection  such  as  cotton,  silk,  worsted, 
twine,  and  cord,  all  of  whicli  absorb  moisture  and  fray. 
Some  of  the  flexible  wires  were  armoured  with  brass  and 
tinned  steel  wire,  which  would  rapidly  corrode.  In  regard 
to  the  special  wiring  required  for  extensions  to  lighting, 
instead  of  the  old-fashioned,  very  expensive,  and  condensa- 
tion-threatened screwed-tubing  practice,  many  engineers 
now  recommend  the  running  of  a  protected  cable  for  this 
work. 

Mr.  G.  S.  Cattell  :  From  the  paper  it  would  appear 
that  to  cook  for  nine  people  the  author  used  a  cooker 
which  wa?  probably  capable  of  cooking  for  a  larger 
number,  possibly  fifteen.  On  this  account  the  current 
consumption  in  kilowatt-hours  per  person  per  day  comes 
out  much  higher  than  has  been  found  to  be  the  average 
amount  required.  The  initial  cost  of  the  cooker  in 
question,  together  with  utensils  and  wiring,  seems  alto- 
gether too  heavy.  It  would  surel}'  be  possible  to  provide 
a  complete  equipment  to  do  all  the  work  required  at  a  cost 
of  less  than  half  the  amount  shown.  Referring  to  the 
question  of  switches,  a  main  double-pole  switch  is  very 
desirable.  A  single  pilot  light  is  really  all  that  is  necessary, 
and  I  agree  entirely  with  the  author  on  this  point. 
Separate  pilot  lamps  should  be  regarded  as  luxuries.  They 
are  quite  good  when  the  apparatus  is  under  the  supervision 
of  an  engineer,  but  failure  of  a  single  lamp,  whether  in 
series  with,  or  in  parallel  with  the  heating  elements,  is  apt 
to  cause  confusion.  Switches  for  the  heating  elements  are 
much  better  if  double-pole,  and  this  particularly  applies  to 
griller  switches  if  the  heating  element  is  exposed.  The 
author  favours  the  use  of  a  thermometer,  but  I  cannot 
think  that  this  addition  is  of  real  value.  A  thermometer 
may  give  some  indication  of  the  time  when  the  oven  is  hot 
enough  to  commence  cooking,  but  fails  entirely  if  it  is 
desired  to  assist  the  operator  when  requiring  to  change  the 
temperature  of  the  oven.  An  intelligent  cook  will  rapidly 
become  sufficiently  well  acquainted  with  what  the  cooker 
will  do,  so  that  a  thermometer  in  any  case  is  not  of  lasting 
value.  To  know  exactly  what  is  the  temperature  of  the 
oven  may  help  considerablv  when  the  question  of  saving 
in  weight  of  meat  is  considered,  but  this  point  is  possibly 
made  too  much  of.  The  saving  with  electric  cooking  is 
real  enough,  but  the  advantages  over  other  forms  are  so 
numerous  that  surely  most  stress  should  be  laid  on  those 
which  most  appeal  to  the  feminine  mind.  The  question  of 
saving   in   meat   becomes    much    more    important   when 


cooking  is  done  on  a  large  scale  as  in  restaurants.  The  Mr.  Cait. 
author  deals  in  detail  with  connectors  for  portable 
apparatus,  and  it  is  evident  that  the  arrangement  shown 
in  Fig.  2  could  be  improved.  Tlie  ideal  connector  is 
obviously  one  enclosed  in  an  eartlied  metallic  sheath  whicli 
comes  in  metallic  contact  with  the  portable  appliance 
before  the  element  becomes  alive.  The  whole  question  of 
earthing  is  one  which  cannot  be  given  too  much  attention, 
and  in  this  direction  I  would  endorse  all  of  the  author's 
remarks.  From  the  author's  tests  on  flexible  wires  it  is 
obvious  that  tlie  circular  twin  is  preferable  to  the  twisted 
twin  type,  and  experience  proves  that  it  is  less  likely  to 
become  damaged  as  a  result  of  kinks.  Further,  there  is  no 
difficulty  in  olitaining  circular  twin  flexible  wire  that  is 
sufliciently  flexible  for  all  ordinary  use.  So  far  as  the 
general  design  of  cookers  is  concerned,  manufacturers  at 
present  are  working  under  a  great  disadvantage,  inasmuch 
as  the  opinions  of  the  engineers  who  arc  the  principal 
purchasers  differ  rather  widely,  thus  causing  considerable 
variation  in  specifications.  This  means  that  any  cooker 
which  is  made  a  standard  has  often  to  be  modified  in  order 
to  secure  a  fair  share  of  orders.  If,  tlierefore,  domestic 
cookers  can  be  reduced  to  fewer  types  as  a  result  of  agree- 
ment between  engineers  as  to  what  is  best,  not  only  shall 
we  arrive  at  something  more  nearly  approaching  the  ideal, 
but  we  shall  also  be  able  to  manufacture  under  such 
conditions  that  the  price  to  the  ultimate  user  can  be 
materially  reduced. 

Mr.  C.  O.  Silvers  (communicated) :  I  presume  that  the  Mr.  Siivs 
purpose  of  this  paper  is  to  invoke  a  discussion  which  will 
be  a  means  of  throwing  some  light  on  the  consumer's 
point  of  view.  During  the  last  15  months  I  have  had  an 
opportunity  of  watching  very  closely  an  electric  cooking 
and  heating  installation  in  an  hotel  in  the  Midlands, 
which  for  many  years  has  had  a  reputation  for  good 
cooking.  Electricity  replaced  gas  in  this  case  with 
the  following  results,  which  I  hope  may  be  found  of 
interest  to  members.  Up  to  the  end  of  1913  electricity 
for  ligliting  was  paid  for  at  the  rate  of  ajd.  per  unit  (flat 
rate).  The  price  of  gas  is  2S.  6d.  per  1,000  cubic  feet. 
With  the  installation  of  electric  cooking  the  tariff  was  re- 
adjusted as  follows  : — o'Sd.  per  unit  used,  and  a  fixed  charge 
based  upon  £%  per  kilowatt  of  demand,  with  a  diversity- 
factor  for  occasional  lights,'  heating,  and  cooking.  The 
apparatus  consists  of  one  double  oven  of  the  "  bright  " 
unlagged  type,  taking  3,200  watts,  three  800-watt  hot- 
plates, one  3,000-watt  double  grill,  one  2,000-watt  fish 
fryer,  four  2,000-watt  electric  fires,  and  ii  light  points 
taking  350  watts,  making  a  total  of  18,950  watts.  This 
apparatus  replaced  gas,  but  the  following  new  plant  was 
added  : — One  hot  cupboard  and  carving  table  (3,000  watts), 
two  800-watt  hot-water  urns,  one  2,000-watt  electric  fire, 
and  14  light  points  (requiring  altogether  450  watts),  i.e. 
an  additional  7,050  watts.  The  cost  of  electricity,  coal, 
and  gas  for  the  two  years  preceding  the  cooking  and 
heating  installation  and  for  the  first  year  of  electric 
cooking  and  heating  was  as  follows  : — 


I 


1914. 
^     5.   d. 


Coal     ... 

Gas 

Electricitv 


1912.  1913. 

£      s.  d.  £      s.      d. 

35  10  2  26  16  I    35  5  o 

47  12  2  53  o  10    13  o  2 

27  15  2  32  o  2    66  13  3 


Total 
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As  a  lurther  result  of    heal  control  it  is 
,  revent  a  varying  amount  of  loss  in  weight, 
especially   in   small   joints.     I   should  particularly  like  to 
point  out  that  the  only  capital  expenditure  that  has  been 
necessary  for  these  results  is  that  to  cover  the  wirinj^  and 
the  cost    of   a    few    fiat -bottomed    pots  and   paii>.     From 
Ihis    point   of    view    I    think    cunsuiners    have   much   for 
'   thank   go-ahead   members  of    the   Point   Five 
I'ln. 
Ur.   C.   C.   Gakraki)    (fi>»»imi(iiKa/^.f)  :    As  regards  the 
standardization    of    socket   connections  for   cooking    ap- 
pliances,  I   beUeve   I   am  correct   in   saying  that  at  the 
present  moment  two   movements   are   in   progress.     One 
is  to  have  all  pluj;s   with   sockets  of   standard   diameter 
""«'  The  second  is  to  ha\  • 

f"^'  1  is  interlo<.'ked  with  th. 

il    It    IS  iircfSN-iry  to  make  the  sockets  dead 
igcan  be  inserted  or  removc<l.     Il  seems  to 
me  that  these  two  requirements  are  incompatible  unless  a 
uniform  standard  interlocked  switch-plug  is  manufactured 
by  all  makers.     If  this  is  not  the  case,  and  it  is  arranged 
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It  will  t>e  realized  that  il  would  l>c 
III  a  cooker  only  jusi  large enouj^h  1 
(as  Mr.  Smith  and  Mr.  Cattell  appear   '. 
are  not  necessarily  resirn-    '  •     ■  "     ■ 
household  to  the  liguie  ; 


with  two  ovens.      This  range  lias  to  t>e  i 

oven  and  a  much  snudler  top  plate.     II   :  ..  ... 

plate  IS  retluced  unduly,  it  becomes  diflicult  !  k  to 

carry   out  all   the  necessary   operations.     I:. 

instance   the   size  of  the  top  plate  of   the  k . 

is  ^4  in.  X  21^  in.,  and  this  I  '' 

for  wh.it   w.i-  rcquiretl.     It   I.. 

4  ft.  or  4  ft.  6  III.  X  JO  m. 
I  -.  that  a  smaller  si/c  would  n   :  .     ^ 

for  other  classes  of  oonsumcrii. 

With  regard  to  utensils.  Mr.  Smith  evidently  uses  Ibe 
ordinary  variety.  The  price  given  in  the  paper  is  for  iron 
utensils  with  ii.  '   •  •   . 

and  this  I   ha\' 


a  pre  ,:;,  rt  sry.  i.      Ml 

I  uscvi      ^  -.  clrical  energy  i..    

is  therefore  surprised  that  any  saving  wa^-  rcciwded. 
not  agree  that  a  great  deal  of  ener;;>-  wa-  — 
in  any  case  the  temperature  is  the  profxr  ci 
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Mr.  Cooper,  energ}'.  The  tests  were  restricted  to  a  sinijlc  type  of  joint 
so  as  to  have  the  results  comparable. 

With  regard  to  the  tests  on  flexible  wires,  nothing  was 
removed  from  the  U-shaped  part  of  a  sample,  including  the 
portions  under  the  clamps  ;  of  course,  beyond  the  clamps 
any  cutting  away  was  immaterial  to  the  lest. 

As  to  tlie  cost  of  wiring,  as  mentioned  elsewhere,  this 
was  carried  out  by  the  electricity  supply  undertaking. 
Being  somewhat  pressed  by  other  affairs  I  adopted  this 
method  of  obtaining  the  wiring,  and  was  assured  that  the 
charge  was  not  unduly  high.  Presumably  if  I  pay  too  much 
when  I  become  a  lay  consumer,  other  lay  consumers  are 
liable  to  suffer  in  the  same  way.  My  view  is  that  an 
electricity  undertaking  should  not  carry  out  work  of  this 
kind — certainly  not  if  they  wisli  lo  see  a  profit  on  it.  The 
average  contractor  is  better  equipped  for  such  work  and 
can  do  it  more  cheaplv. 

In  reply  to  Mr.  HoUis,  a  pyrometer  would  no  doubt  be 
an  advantage,  but  I  think  the  cost  would  be  too  great. 
Personally,  I  have  not  found  any  difficulty  from  the  break- 
ing of  the  thermometer  on  the  oven  door.  It  might,  how- 
ever, be  better  to  have  the  thermometer  fitted  above  the 
door,  in  the  body  of  the  oven,  and  I  believe  this  is  done  in 
some  cookers,  though,  possibly,  from  the  point  of  view  of 
indicating  the  true  temperature  the  lower  position  is  pre- 
ferable. I  quite  agree  that  the  case  for  electric  cooking 
for  wholesale  work  is  very  different  from  the  case  for 
domestic  working,  and  there  are  some  electrical  advan- 
tages which  become  of  much  greater  importance  in  the 
former. 


I  agree  with  Mr.  Brooking  that  tests  on  kinking,  abra-  Mr.  Ci«i 
sion,  and  absorption  are  important  in  regard  to  flexible 
wires  under  certain  conditions  ;  but  the  trouble  I  expe- 
rienced more  particularly  was  due  to  bending,  and  conse- 
quently I  made  tests  on  this  particular  point.  With  the 
usual  smaller  portable  apparatus  absorption  is  not  im- 
portant. On  the  other  hand,  abrasion  is  an  important 
matter  in  the  case  of  radiators. 

Referring  to  the  remarks  of  Mr.  Cattell,  I  fear  that 
double-pole  switches  for  individual  circuits  would  lead  to 
considerable  expense,  and  I  do  not  think  tiiey  are  neces- 
sary, provided,  of  course,  that  a  main  double-pole  switch 
is  fixed  conveniently  near  the  cooker.  I  do  not  agree  with 
the  view  that  a  thermometer  fails  in  assisting  the  cook  to 
change  the  temperature  of  the  oven,  provided  it  is  so  made 
as  not  to  have  a  considerable  time  lag. 

I  am  interested  in  the  results  given  by  Mr.  Silvers,  and 
I  think  there  is  no  doubt  that  electric  cooking  will  have  a 
good  future  in  restaurants  and  hotels.  In  regard  to  earth- 
ing, I  do  not  consider  it  necessary  to  earth  all  portable 
apparatus,  and  there  would  be  a  good  deal  of  difficulty  in 
doing  so  ;  but  in  special  positions,  such  as  bathrooms, 
apparatus  should  certainly  be  earthed. 

Referring  to  the  remarks  of  Dr.  Garrard,  no  doubt 
interlocking  of  plugs  and  switches  is  desirable  in  some 
respects,  but  it  must  add  to  the  expense.  It  seems  on 
the  face  of  it  rather  a  needless  complication.  Moreover, 
if  a  rotary  switch  is  used  for  different  heats  there  would 
seem  to  be  some  difficulty  in  arranging  matters  with  a 
4-pin  plug. 


M.w'CHESTER  Local  Section,  23  March,  1915. 


Mr.  B.  Welbourx  :  In  my  own  household  electric 
cooking  has  been  used  for  nearly  three  years,  so  that  I 
have  some  experience  on  which  to  base  my  remarks.  In 
the  first  place  I  wish  to  empliasize  my  agreement  with  a 
great  many  of  the  recommendations  that  the  author  makes. 
With  regard  to  consumption,  we  find  that  this  is  something 
like  ij  kilowatt-hours  per  person  per  day.  My  own 
observations,  which  were  made  when  the  cooker  was  first 
installed,  confirm  the  author's  results  (set  out  in  Table  3)  in 
regard  to  the  loss  in  cooking  by  electricity  at  "  normal 
temperature."  Another  point  to  which  I  should  like  to 
call  attention  is  in  reference  to  the  statistics  which  the 
author  gives  for  the  cost  on  page  474.  It  has  often  been 
stated  that  half  the  coal  consumed  in  a  house  goes  in  the 
kitchen  grate,  but  I  have  never  seen  this  assertion 
examined  so  carefully  before.  Here  there  is  absolute 
confirmation.  In  one  case  the  coal  cost  £12  los.,  and 
after  electric  cooking  had  been  substituted  the  cost  was 
reduced  to  £6  13s.  6d.,  i.e.  halved.  With  regard  to  the 
arrangement  of  the  gear,  I  agree  entirely  that  the 
controlling  switches  ought  to  be  mounted  on  the  wall.  If 
the  supply  is  taken  from  the  outers  of  a  3-wire  single-phase 
system  the  main  switch  ought  to  be  a  double-pole  switch 
and  not  a  single-pole  switch,  so  that  the  apparatus  can  be 
entirely  isolated  when  the  main  switch  is  opened.  I  also 
find  from  experience  that  a  pilot  lamp  is  a  very  useful 
accessory.  With  regard  to  earthing,  I  am  glad  to  find  that 
the  author  has  taken  the  question  up  so  strongly.  My  own 
view  is  that  not  only  electric  cooking  apparatus  but  every 
power  circuit  in  a  house,  whether  for  radiators  or  for  any 


other  purpose,  ought  to  be  so  arranged  that  the  apparatus  Mr. 
itself  can  be  earthed,  and  I  would  suggest  that  the  Home  Weiboun 
Office  Mining  Rules  might  be  remodelled  to  suit  domestic 
conditions.  Another  accessory  on  which  I  want  to  say  a 
few  words  is  that  of  flexible  wires  for  connecting  up  the 
apparatus.  I  have  been  using  flexible  wires  of  one  kind  or 
another  for  seven  or  eight  years,  and  I  suppose  that  during 
this  period  I  have  experienced  all  the  troubles,  that  the 
author  has  evidently  suffered  so  as  to  make  it  worth  his 
while  to  conduct  this  exhaustive  series  of  experiments. 
The  result  of  my  own  trouble  has  been  that  I  have  entirely 
discarded  rubber-insulated  flexible  wires,  and  that  I  am 
now  using,  with  satisfactory  results,  flexible  wires  insulated 
with  asbestos  only  and  then  covered  with  strong  thread. 
Since  I  adopted  them,  18  months  ago,  I  have  not  had  any 
further  trouble  on  this  score.  They  stand  heat  and  more 
ill-usage  than  rubber-insulated  flexible  wires.  I  do  not 
know  whether  they  comply  with  any  Home  Office  Regula- 
tions that  there  may  be  relating  to  them,  but  that  is  what  I 
am  doing  and  it  is  entirely  satisfactory  in  practice.  In 
regard  to  the  cost  of  cooldng  by  electricity,  my  experience 
does  not  tally  with  that  of  the  author.  For  the  first  two 
years  I  kept  accurate  accounts  of  the  heating  bill  of  the 
house  and  the  total  difference  between  the  electric  cooking 
year  and  a  coal  year  was  25s.  The  charge  for  energy  was 
id.  per  unit  on  a  flat  rate,  with  2i  per  cent  discount,  and 
with  a  family  of  eight  it  only  made  a  difference  of  25s. 
The  price  of  coal  in  my  district  (i.e.  South  Lancashire) 
averages  17s.  6d.  per  ton.  It  seems  to  me  that  the  appa- 
ratus  which    the    author    has    installed   was    probably  a 
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■    thi-   properly   installed   apparatus   the 

.   Pl    lire.     The    poitit   wliicli    I   have  to 

oking  is   that  the  absolute   relia- 

1^   is    not    yet    a>sured.      In   three 

years   we    have    had    probably   four    hot-plates    put   out 

of   use,   but   the   makers   were   very   good    and   replaced 

them    quickly    by    substitutes    sent    by    pas»enger    train. 

A    hreakdowi^  .lly   in   the    hrst    u    months,   does 

not    tend    U  the   conlidence   of    the    domestic 
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the  bill  is  to  l>e  at  the  end  of  the    quarter.     Ever  since 

apparent  my  thoughts  have  been 

1  to  the  view  tliat  a  contract  rate 

'on    which   an   equitable 
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J    when    domestic    consumers 
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This  idea  involves,  of  course, 

some    form   ol    .lUjuslable    instrument    within  the    actual 

control   of  the    consumer   to    make   it  work  in   practice. 

and    as   far   as    1    know   there  is  no  such  instrument  on 

the  market   at    present,  but    brains   are    at    work  on   the 

reason    to    think  that  within 
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flowed  from  the  lap  it  should   be  heated.     Extraordinary 
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oven.     If  the  temperature  of  the  oven  w-ash 
of  the  electric  oven  the  slight  &■"   - 
waste  are  easily  accounted  for.     '. 
turcs.  thcrelore.  are  ab^' 
tesl>.     I  >up(x»c  that  e\i 
lla^  had  some  of  the  troubles 
pa|>er.     The    Hexible    wire   i.' 
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Mr.  Cramp,  a  circuit  Carrying  about  400  amperes  which  was  earthed  by 
the  Corporation  workmen  and  passed  by  their  inspector. 
A  single  iS  S.W.G.  copper  wire  was  used  and  this  was 
twisted  round  a  loose  nut  on  one  of  the  switches  and 
soldered  on  to  the  end  of  a  lead  waterpipc  hanging  loose 
from  a  ceiling.  It  is  worthy  of  remark  that  in  the  same 
installation,  on  which  three  contractors  had  been  engaged 
besides  the  Corporation,  the  former  had  put  in  "  Home 
Office  "  fuses  whilst  the  Corporation  had  put  in  bare  wire. 
I  think  that  it  is  not  too  much  to  say  that  a  Corporation 
inspector  frequently  hesitates  to  condemn  work  by  a 
Corporation  department  which  he  would  not  have  passed 
had  it  been  done  by  an  outside  contractor.  It  is  always 
unsatisfactory  to  have  the  contract  and  inspection  in  the 
same  hands. 

'wafk""°  Alderman  W.  W..\lker  :  There  is  no  doubt  that  the 
domestic  load  is  one  to  be  sought  after.  The  diversity 
factor  is  very  good,  and  although  the  load  per  house  is 
small  the  accumulative  effect  upon  even  a  large  system  like 
that  of  Manchester  must  be  beneficial.  I  hold  strongviews 
as  to  the  reason  why  the  community  is  not  more  responsive 
to  any  tariff  that  can  be  devised  in  order  to  attract  it.  In 
Manchester  a  little  over  12  months  ago  we  adopted  a  new 
scale  in  order  to  increase  the  use  of  electricity  in  private 
houses  ;  it  was  i2-|  per  cent  on  the  rateable  value,  plus 
id.  per  unit  metered.  We  also  made  it  a  condition  that 
for  a  house  rated  below  £20  2  kilowatts  of  apparatus 
(cookers,  radiators,  vacuum  cleaners,  etc.)  must  be  in- 
stalled ;  for  houses  between  £2°  and  £^50  it  was  to  be  3 
kilowatts,  and  for  those  over  £50  4  kilowatts.  The  response 
to  that  tariff  has  been  poor.  I  have  tried  to  ascertain  the 
cause  and  have  come  to  the  conclusion  that  it  is  owinc^  to 
the  inadequate  wiring  of  the  houses  originally.  When  the 
would-be  customer  is  told  that  it  is  necessary,  in  order  to 
install  radiators,  cookers,  etc.,  practically  to  rewire  his 
house,  involving  disturbance  of  the  plaster,  destruction  of 
decorations,  plus  additional  fittings,  he  will  not  entertain 
the  proposal.  On  my  suggestion  a  circular  is  now  sent  to 
all  builders  and  architects  about  to  erect  property  in  the 
city,  and  this  contains  a  strong  request  to  put  in  wire  of  a 
gauge  sufficient  to  carry  future  additions  in  the  way  of 
radiator  and  cooking  loads.  We  also  circularize  tenants 
who  we  know  are  going  to  occupy  houses  where  electricity 
has  been  used  for  lighting  only,  and  we  ask  them  to 
insist  that  while  alterations  are  being  carried  out  the 
wiring  shall  be  made  suflicient  to  take  the  heavier  load. 
This,  perhaps,  will  be  a  hint  to  other  supply  authorities. 
I  am  confident  that  the  capital  cost  given  by  the  author  is 
excessive  for  apparatus  fora  family  of  the  size  he  mentions  ; 
he  could  install  cooking  appliances  at  much  less  expense 
than  he  has  done.  I  have  been  going  into  some  figures 
during  the  last  few  days  but  I  cannot  find  any  approaching 
his.  it  is  to  the  interest  of  the  manufacturer  to  do  away 
with  the  failures  which  the  author  describes.  During  the 
last  few  months  improvements  have  been  made  in  both 
radiators  and  ovens,  which  will  do  much  to  make  them 
fool-proof  against  careless  use.  As  regards  the  question  of 
pilot  lights,  I  do  not  agree  with  the  author.  I  prefer  pilot 
lights  on  the  separate  circuits.  The  author  advocates  an 
indicating  light  on  the  main  switch  only.  This  does  not  to 
me  seem  to  be  of  service  in  certain  conditions.  Suppose 
the  cook  has  been  using  the  largest  element  in  the  oven  and 
the  smallest  hot-plate,  she  finishes  with  the  oven  but  forgets 


to  switch  off  and  continues  to  use  the  hot-plate.  The  lamp 
would  convey  no  warning  whatever,  as  the  main  switch 
would  be  in  tlie  "on"  position  for  the  hot-plate.  I  agree 
as  to  the  necessity  of  putting  the  whole  of  the  switches 
over  the  cooker  in  easily  accessible  positions.  After  the 
experiences  which  the  autlior  has  given  I  think  that  lie  is 
right  as  to  the  utility  of  a  thermometer.  Whilst  tlie 
thermometer  may  not  indicate  tlie  exact  temperature 
existing  in  the  oven,  the  ratio  between  these  two  will  be 
constant,  so  the  cook  will  know  what  ought  to  be  indicated 
by  the  thermometer  in  order  to  have  the  correct  heat  in 
the  oven  for  the  work  to  be  done.  I  think  also  that  the 
author  does  not  do  justice  to  electric  cooking  in  the 
figures  to  which  Mr.  Cramp  referred,  showing  a  loss  of 
I4J-  per  cent  of  weight  of  meat  electrically  cooked  as 
against  25  per  cent  where  coal  is  used.  The  author  will 
probably  sa}'  that  Mr.  Cramp's  deductions  are  wrong.  I 
take  the  former  to  mean  that  the  coal-heated  oven  and  the 
electric  oven  at  the  lower  heat  are  to  be  compared,  because, 
of  the  other  examples,  he  says,  "  the  temperature  in  the 
last  four  cases  was  perhaps  50  degrees  F.  higher  than  in 
those  cases  where  the  loss  was  low."  It  seems  evident  from 
this  that  the  temperature  of  the  coal-heated  oven  was  equal 
to  the  lower  and  correct  temperature  of  the  electric  oven, 
and  such  a  comparison  gives  lo-J-  per  cent  in  f.-avour  of 
electric  cooking  on  wastage  ;  in  most  business  concerns 
loj  per  cent  is  looked  upon  as  a  fair  return.  Although  it 
will  not  pay  the  whole  of  the  electricity  bill  it  is  going 
materially  to  assist  in  that  direction.  On  tariffs  I  think 
that  the  last  word  has  not  yet  been  said.  I  strongly  hold 
the  opinion  that  rateable  value  is  the  best  method.  The 
rating  authorities  are  experts,  and  they  are  careful  to  keep 
their  assessments  up  to  date.  We  have  their  rate  book 
to  appeal  to  without  any  expense  to  ourselves.  If  we 
are  going  to  take  appliances  installed,  or  the  maximum 
demand,  or  the  number  of  points,  or  the  area  of  rooms, 
many  difficulties  will  be  met  and  heavy  expense  in- 
curred. Every  house  has  a  rateable  value  ;  the  assess- 
ment is  known  to  the  tenant  and  forms  the  basis  of  all 
his  dealings  with  the  local  authority.  Its  adoption  by 
the  electricity  undertaking  will  be  accepted  as  a  natural 
development  and  is  likely  to  cause  less  friction  than  any 
other  method. 

Professor  E.  W.  Marchant  :  My  own  experience  has 
been  confined  to  small  apparatus.  With  reference  to  the 
articles  that  we  have  used — kettles,  irons,  radiators,  hot- 
plates and  so  forth — I  entirely  agree  with  the  author  that 
the  weak  spot  is  the  flexible  wire,  but  I  do  not  agree  with 
what  Mr.  Cramp  said  as  to  the  undesirability  of  the  springs 
for  protecting  flexible  ends.  In  some  of  the  apparatus 
which  we  use,  the  wire  springs  have  done  quite  well  and 
there  has  been  no  trouble  with  short-circuits.  I  think  much 
is  to  be  said  in  favout  of  the  suggestion  put  forward  by  the 
author  of  having  an  inspector  attached  to  the  electrical 
engineer's  department  to  do  small  repairs,  who  shall 
be  available  in  case  the  apparatus  breaks  down.  If 
a  person,  who,  knowing  nothing  about  it,  calls  in  the 
local  cojitractor  to  make  a  small  repair,  the  latter  makes  it 
a  more  substantial  affair  than  he  need,  and  the  consumer 
begins  to  think  that  the  apparatus  is  not  a  success.  Then, 
again,  the  time  generally  taken  to  repair  the  apparatus, 
when  it  is  seriously  injured,  is  very  much  too  long. 
Designs  should  be  used   in   which  the   heating  elements 
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power  kloUoo  lor  other  purposes  ai  that  time  would 
be  uivUl,  and  therefore  tlic  cooking  consumer  of  this 
type  «'Ould  be  u  very  dcsiiubic  one  for  the  electrical 
cnfpncer. 

lir.    K.    \l.    HuLLlNGSWORTH  :  If   the   figureii  ^iven  by 
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be   expected   in   Itiis   direction.     Fortunuii  is  not 

the  cai«.      With    a    rateable-value   tahf{    of    from  lo  to 

15   per   cent,   and    a    secondary    charge  of  }d.  per   unit, 

combined  with   the   hiriiig-out   of   heating    and    cooking 
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the  ii  tree  of    charge.     Ueforc  we  adopted 

the   V ...J.  we  were  supplying  energy  at  id.  |>er 

unit,  but  very  little  progress  was  made  owing  to  the  fact 
that  consumers  would  not  go  to  the  expense  of  installing  a 
leparale  circuit.     In  the  case  of  several  large  cookers,  con- 

'd  to  users 
There  is 
tiiciil  111  iiie  design  and  con- 
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It  IS  now  me  practice  to  install  a  boiler  behind  the  grate, 
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Mr.  Ecdcs    able  at  any  price.     The  total  cost  has  been  as  follows  for 
an  average  of  three  adults  all  the  time  : — 


Qu.irter  Ending        {      Sept.  1914 

Dec.  1914 

March  191 5 

Electricity 

Coal         

Gas          

X     s.      d. 
2    16      7 

0       I       9 

0  16     8 

£    s.       d. 
2    12       I 

I       I       9 

0     6     2i 

j;    s.     d. 
3    4    5.V 

207 

040 

Totals 

3  15    0 

4    0    oj         59    oj 

This  represents  about  £17  12s.  od.  per  annum  ;  but  against 
this  there  has  been  a  saving  in  charwomen,  laundry, 
carpet-cleaning,  baking,  etc.,  of  about  5s.  per  week,  or 
s^y  £^3  OS.  od.  per  annum.  Now  to  take  the  author's 
case.  He  has  not  had  any  of  the  advantages  detailed 
above,  except  perhaps  a  little  e.\tra  cleanliness  in  cooking, 
and  I  am  not  surprised  at  his  loss  of  ;£8  i8s.  gd.  In 
my  case,  however,  the  total  cost  per  unit  was  074d.  In 
his  case  the  total  cost  per  unit  was  i-ogd.  This  differ- 
ence alone  would  reduce  his  loss  to  £1  12s.  6d.  per 
annum.  Further,  ^£13  los.  od.  per  annum  for  coal  for  8 
or  9  persons  is  very  economical  and  probably  much  below 
the  average.  On  the  whole  then  I  should  say  that  the 
apparent  result  as  given  by  the  author  is  likely  to  be  most 
discouraging  to  prospective  consumers,  and  the  average 
layman  does  not  bother  much  about  explanations.  As  for 
the  cooking  apparatus,  there  is  still  much  to  be  desired 
both  as  regards  cost  and  design.  In  particular,  the  oven 
ought  never  to  be  less  than  16  in.  x  16  in.  area  (plan),  and 
the  height  should  vary  from  12  inches  upwards  according 
to  the  capacity  required.  Actually  one  can  find  but  few 
ovens  less  than  20  inches  high,  and  several  are  only 
12  inches  wide,  which  seems  to  me  to  be  quite  futile. 
It  looks  as  though  makers  are  following  gas-oven  practice, 
which  is  quite  another  problem  since  the  bottom  6  or 
8  inches  is  not  much  good  for  cooking  and  increased 
height  is  therefore  necessary.  The  grill,  I  agree,  is 
practically  perfect,  but  where  is  the  rapid  plate-warmer 
which  will  heat  say  four  plates  in  5  minutes  at  a  reasonable 
efficiency  ?  As  for  boiling-plates,  my  experience  has  been 
none  too  good,  the  time  required  being  too  long,  the 
efficiency  poor,  and  the  reliability  moderate.  The  cost  of 
wiring  leaves  much  to  be  desired,  and  here  I  feel  that  the 
local  supply  authorities  could  do  a  great  deal  more  for 
the  consumer  than  is  done  at  present,  by  evolving  a  more 
satisfactory  combination  of  wiring  and  fittings,  giving  the 
prospective  consumer  the  benefit  of  their  experience  and 
not  leaving  him  to  the  mercy  of  an  unknown  contractor 
and  a  book  of  regulations.  I  think  it  is  a  good  suggestion 
to  have  a  lightly-metal- protected  twin  cable  with  the  metal 
sheathing  properly  and  easily  earthed  and  suitable  fittings 
gripping  the  cable  tightly  so  that  the  wiring  could  be 
quickly  done  and  with  a  minimum  disturbance  to  plaster, 
etc.,  which  is  a  big  item  in  a  furnished  house.  Regarding 
the  losses  whilst  roasting  meats,  etc.,  in  the  various  types 
of  oven,  I  never  could  see  why  there  should  be  any  differ- 
ence between  a  coal-heated  oven  and  an  electrically-heated 
one,  provided  both  were  equally  well-made  and  air-tight. 


In  an  ordinary  gas  oven,  however,  the  conditions  are  iir.  E. 
different  and  a  higher  loss  is  only  to  be  expected  since 
the  meat  is  exposed  to  a  stream  of  hot  air  and  burnt  gases. 
The  only  worry  I  have  about  the  tariff  is  to  see  that  I  am 
not  being  overcharged  to  cover  the  loss  on  some  other 
consumer.  What  1  would  consider  to  be  a  fair  basis 
would  be  a  "primary"  fixed  charge  to  cover  the  capital 
outlay  required  to  give  me  a  supply  (this  would  naturally 
depend  mostly  on  the  situation  of  my  house  and  the 
maximum  demand  required),  and  then  a  "secondary" 
charge  to  be  one  covering  the  cost  of  production  during 
the  time  that  I  wanted  the  current.  How  to  apply  such  a 
basis  of  charging  is  quite  another  matter  and  one  for  the 
supply  authorities  to  settle. 

Mr.  H.  A.  Ratcliff  :  I  regard  the  paper  as  valuable  Mr. 
because  it  is  largely  a  record  of  experiences,  and  these  arc  ^'''"^  " 
always  instructive.  I  am  glad  that  the  author  refers  to  the 
extravagant  claims  which  have  been  made  for  electric 
cooking,  as  there  is  really  no  justification  for  many  of 
them  and  it  is  unfortunate  that  the}'  were  ever  made. 
Electric  cooking  will  have  to  stand  or  fall  on  its  merits, 
quite  apart  from  questions  of  relative  costs.  I  believe  it 
took  about  20  years  for  gas  cooking  to  become  really 
popular.  In  the  days  of  carbon-filament  lamps  it  could 
not  reasonably  be  claimed  that  electric  lighting  compared 
favourably  with  incandescent  gas  as  regards  actual  relative 
costs,  but,  nevertheless,  it  was  popular  and  in  great  de- 
mand simply  because  its  numerous  advantages  were  recog- 
nized. The  advantages  of  electric  cooking  will  no  doubt 
sooner  or  later  be  similarly  recognized.  I  think  that 
hygienic  considerations  will  provide  one  of  the  strongest 
arguments  in  its  favour,  at  any  rate  as  compared  with  gas 
cooking  ;  for  an  ordinary  gas  oven  is  hardly  a  model  of 
desirable  hygienic  conditions.  The  outstanding  feature 
of  gas  cookers  is  that  they  are  thoroughly  robust,  and 
consequently  repairs  are  very  rarely,  if  ever,  required, 
with  the  possible  e.Kception  of  the  occasional  renewal  of 
the  grill  plates.  Unfortunately  this  has  not  always  been 
the  experience  with  electric  cookers,  although  I  am 
pleased  to  see  that  some  of  those  now  on  the  market 
really  convey  the  impression  that  they  have  been  manu- 
factured in  engineering  workshops.  The  author  refers  to 
the  problem  of  water  heating,  and  considers  that  it  is  not 
financially  impracticable.  He  states  that  it  is  a  question 
of  tariffs.  If  that  means  reducing  tlie  price  of  electrical 
energy  low  enough,  then  of  course  I  agree,  but  not  other- 
wise. At  |d.  per  unit,  without  any  fixed  charges,  electric 
water  heating  is  a  luxury,  at  -Jd.  a  unit  it  becomes  worth 
consideration,  mainly  on  the  score  of  convenience  and 
cleanliness,  and  at  Dr.  Ferranti's  ideal  of  -J-d.  per  unit  it 
is  a  reasonable  financial  proposition.  In  connection  with 
water  heating,  the  question  of  efficiency  is  usually  some- 
what ignored,  although  claims  are  occasionally  made  for 
efficiencies  of  100.  per  cent.  The  highest  efficiency  is 
undoubtedly  obtained  with  the  geyser  type  of  heater, 
but  the  relatively  large  kilowatt  demand,  and  the  very 
limited  flow  of  water  at  the  higher  temperatures,  preclude 
its  use  for  domestic  purposes,  quite  apart  from  the 
impossibility  of  obtaining  a  sufficiently  low  tariff  for  such 
an  undesirable  load.  Some  tests  made  on  a  heater  of  the 
geyser  type,  which  had  a  loading  of  7  kilowatts,  showed 
it  to  have  an  efficiency  of  gS'S  per  cent  with  an  outlet 
temperature  of  no""  F.,  and  94-1  per  cent  with  an  outlet 
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Mr.  could  be  obtained.    With  the  present  form  of  gas  oven 

Weaving,  jiij-jg  Jqw  shrinkages  cannot  be  obtained,  owing  to  the 
current  of  air  for  combustion  (together  witli  approximately 
twice  as  much  more  air  drawn  in  through  the  bottom  of 
the  oven)  passing  over  the  joint.  The  evaporative  effect 
of  a  current  of  dry  air  is  well  known,  and  this  is  re- 
sponsible for  the  occasional  dried-up  appearance  and 
heavy  shrinkage  of  meat  cooked  in  a  gas  oven.  It  is 
immaterial  whether  the  fluid  evaporated  is  water  or  not, 
as  it  has  to  be  paid  for.  Besides,  water  has  an  important 
inliuence  on  flavour  and  digestion.  As  an  extreme  in- 
stance, take  the  case  of  sugar.  We  all  know  thai  sugar 
is  only  carbon  and  water,  but  if  all  the  water  is  driven  off, 
the  remaining  carbon  is  unpalatable,  and  nobody  would 
eat  it.  The  saving  due  to  smaller  meat  shrinkage  may  be 
only  IS.  per  week  in  an  ordinary  household,  but  even  is.  per 
week  helps  to  pa}'  for  energy.  I  have  found  as  the  result 
of  many  trials  tliat  an  ordinary  cook  using  her  own  methods 
with  gas  and  electric  ovens  will  get  a  meat  shrinkage 
of  25  per  cent  in  the  former,  and  15  per  cent  in  the  latter. 
It  is  pleasing  to  see  the  emphasis  which  the  author  places 
on  the  necessity  for  earthing.  This  should  be  insisted  on 
ever3'where.  For  three  years  every  piece  of  apparatus 
sent  out  from  the  firm  with  which  I  am  connected  has 
•  been  fitted  with  a  special  earthing  terminal,  but  I  regret 
to  sav  that  in  50  per  cent  of  the  cases  where  I  have  seen 
apparatus  after  it  has  been  installed,  the  earthing  terminal 
has  been  ignored.  The  author's  remarks  regarding  earth- 
ing of  tumbler-switch  covers  apply  equally  well  to  rotary 
switches. 
Mr.  White.  Mr.  J.  C.  WHITE  {communicated)  :  The  author  complains 
of  the  high  cost  of  wiring,  particularly  with  steel  conduit, 
and  its  inefficiency  as  an  earth  return,  and  he  refers  briefly 
to  armoured  cables  as  a  remedy.  I  consider  this  more 
commercially  suitable  than  conduit,  and  have  had  con- 
siderable experience  of  cab-tyre-sheathed  cables  for  this 
purpose.  They  can  be  installed  quite  easily  without 
damage  to  decorations,  are  not  affected  by  grease,  con- 
densation, etc.,  and  (another  point  which  must  be  taken 
into  consideration  by  central-station  engineers  who  hire 
out  cookers)  they  can  be  taken  out  of  one  residence  and 
put  into  another  without  depreciating.  This  is  an  obvious 
advantage  where  the  next  tenant  may  prefer  to  do  his 
cooking  by  gas.  Such  cable  can  be  installed  more  cheaply 
than  most  systems.  With  regard  to  flexible  wires,  I  think  a 
further  test  ought  to  have  been  added  to  ascertain  whether 
the  various  coverings  would  resist  the  action  of  grease, 
hot  fruits  boiling  over,  steam,  water,  soft  soap,  etc.,  which 
are  risks  more  frequently  met  with  ihan  mere  bends. 

Mr.  W.  R.  Cooper  {in  reply) :  I  am  glad  to  have  re- 
ceived in  this  discussion  such  strong  support  on  the 
question  of  earthing,  which  I  regard  as  a  very  vital  matter 
in  the  proper  progress  of  electric  cooking.  Mr.  Weaving's 
remarks  in  this  connection  are  significant,  and  I  believe 
that  his  experience  is  by  no  means  isolated. 

I  am  interested  to  hear  that  Mr.  Welbourn  has  obtained 
good  results  with  asbestos-covered  flexible  wires.  In 
comparing  the  tests  by  Professor  Schwartz,  to  which  Mr. 
Cramp  has  called  my  attention,  with  my  own,  I  think  the 
differences  in  the  number  of  bends  obtained  are  largely 
accounted  for  by  the  fact  that  the  weight  used  by 
Professor  Schwartz  was  six  times  as  great  as  the  weight 


Mr.  Cooper. 


which  I  used.    The  effect  of  this  will  be  most  apparent  Mr.  coopi 
on   the    less   flexible    types.      I    purposely   avoided   high 
stresses,  because  these  do  not  occur  in  practice. 

In  reply  to  Mr.  Cramp  I  am  unable  to  say  what  was 
the  temperature  of  the  coal  oven,  as  it  was  not  lifted  with 
a  thermometer,  and  the  cook  was  left  to  determine  the 
temperature  by  the  usual  cook's  methods. 

I   think   the   circular   to   which  Alderman    Walker    re- 
fers   is    an    excellent    idea.       There    is    no    doubt    that  , 
insufficient  wiring  is  a  great  deterrent  to  the  larger  use 
of  radiators. 

I  believe  that  the  floor  space  of  a  house,  as  suggested 
by  Professor  Marchant,  has  been  used  as  the  basis  of  a 
tariff  in  the  United  States. 

I  think  that  Mr.  HoUingsworth  and  some  of  the  other 
speakers  have  omitted  to  notice  that  the  figures  I  have 
given  refer  to  a  special  class  of  consumer — one  that 
requires  a  considerable  amount  of  cooking,  such  as  is 
usually  associated  with  the  continuous  use  of  a  coal  range. 
With  this  point,  however,  I  have  dealt  in  detail  in  my 
replies  to  the  discussions  before  the  Institution  and  the 
Local  Sections,  and  also  with  the  size  of  cooker,  which, 
in  my  opinion,  was  not  too  large.  As  to  the  primary 
charge  at  Norwich,  I  referred  to  this  because  some 
engineers  take  up  the  attitude  that  this  part  of  the  charge 
is  merely  in  respect  of  the  lighting  part  of  the  load. 
Disregarding  this  attitude,  it  may  be  quite  desirable  to 
maintain  this  charge  for  the  load  as  a  whole,  though  it  is 
then  difficult  to  see  on  what  the  charge  is  based  for 
dealing  with  a  load  that  may  vary  within  wide  limits  for 
any  one  house. 

With  regard  to  water  heating,  it  must  be  remembered, 
as  Mr.  Ratcliff  points  out,  that  the  usual  circulating 
system  is  very  inefficient.  If  such  circulating  systems 
are  merely  converted  to  electric  heating,  the  result  again 
must  be  very  ineflicient,  simply  because  heat  is  being 
continually  dissipated  from  the  pipes  instead  of  being 
stored  in  the  water.  With  electric  heaters,  only  a  draw- 
off  pipe  is  necessary  and  the  circulation  is  eliminated. 
Of  course,  in  a  thermal-storage  system  the  size  of  the 
tank  must  be  suitable  to  the  needs  of  the  household. 
For  example,  to  replace  the  ordinary  50-gallon  cistern 
by  a  15-gallon  electric  heater  would  scarcely  be  the  way 
to  give  satisfaction.  It  must  not  be  forgotten  that  the 
coal-heated  water  supply  also  depends  largely  on  thermal 
storage  and  yet  has  met  needs  so  far.  Mr.  Weaving's 
suggestion  of  500  watts  would  not  give  nearly  enough  hot 
water  in  the  case  I  have  considered,  but  I  think  this 
would  be  enough  for  many  small  flats. 

The  radiant  hot-plate,  to  which  Mr.  Allcock  refers, 
involves  some  difiicult  problems,  and  I  doubt  if  they  are 
yet  fully  appreciated.  As  to  the  merits  of  black  versus 
bright  ovens,  I  fear  that  this  is  much  too  controversial 
a  subject. 

I  am  interested  in  Mr.  White's  remarks  as  to  the  use 
of  cab-tyre-sheathed  cable  for  connecting  up  the  service 
to  cookers.  This  seems  to  provide  a  solution  of  the 
problem,  and  has  the  great  advantages  of  cheapness  and 
adaptability. 

The  other  points  in  the  discussion  I  have  dealt  with 
in  my  replies  to  the  discussions  in  London  and  Birming- 
ham. 


J»RCX'EEniNGS   t)K   I!    AND   ii   MAUCH.   AND   14   AHKII..   1915. 
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PR()CKKl>INc;S    OF    THH    INSTlTUTUiN. 

OKIHKAKV    MKKTIKU   OK    II    MAKCM.    WIS. 

Proceedings  of  the  577ih  Ordinary  Mcciinj;  of  The   Insiitution  of  Hlectriotl   Engineers, 
held  on  Thursday,    ii    .March,    1915— Sir  John  Snku..   President,   in  the  chair. 

The  iiiiiiiitcs  ot  Ihr  Oidmary  Mrctiii^;  hdd  uii  js  Kcliru;ir>',  191$,  wcic  taken  ik  read,  auid  contirmed. 

A  pai^r  by  Mr.  W.  R.  Cuo|>er,  Mcinlxrr,  entitled  "  Electric  Cooking,  niiuiily  (roni  the  Cootuunct'* 
IViint  of  View  "  (M:e  lu^e  473),  was  read  :ind  diiKtikked.  and  the  meetiii){  adjuurnrd  at  10.5  p.m. 


OKDINWMY    MKtTIXG    OK   *i    MARCH.    1913 

Proceedings  of  the  57Sth   Ordinary  Meeting  of  The    Institution  of  Electrical   Engineers, 
held   on  Thursday,    25   March,    1915 — Sir  John   Snkll.    President,   in  the  chair. 

The  minutes  of  the  Ordinary  Meeting  held  on  11  M.irvh,  1915.  were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  and  transfer  .ipproved  by  the  Council  lor  ballot  w.i<i  taken  a*  read, 
.ind  was  ordered  to  lie  suspended  in  the  Hall 

At  9.J5  p.m.  Sir  John  Snell  vacated  the  chair,  which  was  then  taken  by  Mr.  .\lexandcr  Siemens 

.\  jM|>er  by   Mr.  W.    I  :    Precce,   Miinbci,  entitled  '    TclephoMc    Troubles  in  the  Ti  ncc 

jvigc   ;4^),  was  read  and  ..  I,  and  the  ineetinj.;  .idjouiiied  at    10  pin. 


OKUIXAKY    MEETIXO   OK   15   APKIi..   1915 

Proceedings  of  the  579th  Ordinary  Meeting  of  The  Institution  of  Electrical  Engineers, 
held  on  Thursday.    15  April.    1915 — Sir  John   Snell.    President,   in  the  chair. 

The  minutes  of  the  Ordinani'  Meeting  held  on  .15  March,  1915,  were  taken  as  read,  and  conhrmed. 

Messrs.  H.  Bevis  and  A.  T.  Morris  were  a|ipt)iiited  scrutineers  u»  the  ballot  fi»r  the  election  and  transfer 
ii  mcnil'icrs.  and.  at  the  end  of  the  meeting,  the  result  of  the  ballot  w.is  dccl.ircd  as  follows  : — 


JJcmben. 
Cook,  James. 
Leaf,   Kdward    Huntington,    Lt.-Col. 

R.E.  CT.I. 
Mookhousc,  Kdward  Wyndham. 

Associatt  Utmbers. 

Dundas,  WiUiani. 
I'cakc,  Cyril  Vivian. 
I  ackley.  Alick  Lionel. 

Gradualti. 

i-'ampbci:   "      '  ^.h  Ciordon. 
Carlci    .\-  .  :>.-is. 


U«.Cormick,  bcrnard. 


KLtCTIOXS. 

Graduates — coHtinutii. 
Uwcn,   Robert   Elias   L.,   jnd   Lieut. 

R.G.A. 
Sloan,  George  Andrew. 
Winks,  Arthur. 

StuJenti. 
Uoyland,  Harold  John. 
Chapman.  Eric  DuugUs. 
Clarke,  Cecil  X'andcpcer. 
Davidson.  Kenneth, 
de  Paiva.  .Alfredo  Teixeira. 
Derry,  C>tiI. 
Ulcw.  Krncvt  l.o\Mid>. 
lifccnwo"'!    H  ('••111  I.icli-oii. 
Hall,  H 
Hayc>,  1 
Hunt.  Frank  Ernest. 


StudtHli—tOHUmtitd. 
l.erpinirre,  Edward. 
Lloyd,  William  Francis. 
Ii  organ,  Percy  Davirs. 

'       .  •      ilata  L. 

i',>»bi,   AiUiui    cii.UM^s,    ind    Lieul. 

R.E.  (T.i. 
Pledge.  DuMd  Kd«-ard. 
Kankin.  David  Aithur. 
Ripley,  Dunstan. 
Ross,  Victor. 
RuMcIl,  Ernest  Stuart. 

.E.(T.i. 
I'tiomas. 

Wbistler,  Harold  Alfred. 
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Associate  Member  lo  Member. 

Aldum,  Hugo. 
Paris,  Patrick  Alfred. 
Spark,  James  Walter. 
Wadsworth,  Thomas. 

Graduate  to  Associate  Member. 

Bennett,  Edwin  John  L. 
Loughlin,  Henry  James. 


Transfers. 

Graitualc  lo  Associate  Member- 
continued. 
Woodward,  Charles  Hemiet. 

Student  to  Associate  Member. 
Clausen,  Hugh. 
Elliott,  Frederick  Forester. 
Garrett,  William  Basil. 
Hughes,  Edward,  B.Sc.  (Eng.). 
Ferryman,  Nelson  Joseph. 


Student  to  Associate  Membcr- 
conlinued. 
Roberts,  Leslie. 
Scampton,  Gregory  Oliver. 

Student  lo  Graduate. 
Bright,  Victor  Atkinson. 
Delves,  Francis  Joseph. 
Goodale,  Charles  Frederick. 
Willis,  Sydney. 


The  following  donations  were  announced  as  having  been  received,  and  the  thanks  of  the  meeting  were 
accorded  to  the  donors  : — 

Benevolent  Fund  :  G.  F.  Allom,  L.  B.  Atkinson,  S.  Beeton,  H.  Benest,  W.  E.  Burnand,  J.  Caldwell,  R.  A. 
Chattock,  W.  Church,  C.  B.  Clay,  F.  W.  Clements,  Professor  W.  C.  Clinton,  W.  W.  Cook,  V.  K.  Cornish,  The 
Hon.  E.  H.  Cozens-Hardy,  I.  S.  Dalgleish,  B.  Davies,  F.  E.  Davies,  M.  Deacon,  Sir  A.  Denny,  Bart.,  J.  Devon- 
shire, H.  C.  Donovan,  B.  M.  Drake,  M.  G.  Drake,  C.  V.  Drysdale,  D.Sc,  K.  Edgcumbe,  W.  V.  Edwards,  S. 
Evershed,  E.  Garcke,  F.  Gill,  R.  T.  Glazebrook,  C.B.,  D.Sc,  F.R.S.,  G.  F.  C.  Gordon,  B.  B.  Granger,  F.  E. 
Gripper,  C.  W.  Gwyther,  R.  Hammond,  H.  T.  Harrison,  W.  V.  Haslam,  C.  C.  Hawkins,  M.A.,  W.  C.  C. 
Hawtayne,  K.  Hedges,  F.  Higgins,  J.  S.  Highfield,  H.  C.  Holroyd,  B.  M.  Jenkin,  G.  Kapp,  D.Eng.,  W.  T. 
Kerr,  A.  E.  Levin,  P.  V.  Luke,  CLE.,  Sir  Henry  Mance,  CLE.,  LL.D.,  H.  Marryat,  J.  W.  Meares,  C  H. 
Merz,  L.  B.  Miller,  C  Mittelhausen,  W.  M.  Mordey,  K.  A.  Mountain,  W.  C  Mountain,  A.  M.  J.  Ogilvie,  C.B., 
C.  OUver,  E.  Parry,  The  Hon.  Sir  C  A.  Parsons,  K.C.B.,  F.R.S.,  W.  H.  Patchell,  F.  S.  Payne,  F.  Pooley, 
A.  H.  Preece,  W.  L.  Preece,  G.  S.  Ram,  T.  Rich,  R.  Robertson,  B.Sc,  S.  R.  Roget,  B.A.,  J.  H.  Rosenthal, 
S.  A.  Russell,  A.  G.  Seaman,  E.  Seddon,  A.  Siemens,  H.  C.  Silver,  M.  G.  Simpson,  D.  Sinclair,  H.  Skelton, 
H.  A.  Skelton,  Sir  John  Snell,  C  P.  Sparks,  A.  J.  Stubbs,  H.  W.  Sullivan,  W.  C.  P.  Tapper,  E.  E.  Tasker, 
W.  Thorn,  W.  W.  Thomas,  C  H.  R.  Thorn,  A.  P.  Trotter,  B.A.,  C.  Turnbull,  E.  O.  Walker,  CLE.,  T.  S. 
Watney,  H.  D.  Wilkinson,  W.  B.  Woodhouse,  J.  H.  Woodward,  H.  E.  Yerbury,  and  W.  Young. 

Building  Fund  :  Professor  A.  Hay,  D.Sc,  W.  M.  Mordey,  and  Sir  John  Snell. 

Library  :  Messrs.  Alabaster,  Gatehouse  &  Co.,  The  Association  of  Mining  Electrical  Engineers,  The 
Engineering  Standards  Committee,  J.  Erskine-Murray,  D.Sc,  The  Institution  of  Railway  Signal  Engineers, 
G.  D.  Knox,  La  Lumiere  Electrique,  The  Patent  Office,  J.  T.  Peddie,  A.  Russell,  D.Sc,  F.  Shaw,  B.Sc, 
Messrs.  E.  &  F.  N.  Spon,  Ltd.,  G.  Tucker,  and  G.  W.  Worrall,  D.Eng. 

Museum  :  K.  Hedges. 

A  paper  by  Mr.  J.  H.  Rider,  Member,  entitled  "The  Power  Supply  of  the  Central  Mining-Rand  Mines 
Group  "  (see  page  609),  was  read  and  discussed,  and  the  meeting  adjourned  at  9.50  p.m. 


INSTITUTION    ANNOUNCEMENTS. 


CONVERSAZIONE. 

The  .A.nnual  Conversazione  of  the  Institution  will  not  be 
held  this  year. 

THE  INSTITUTE  OF  METALS. 
Members  are  invited  to  a  meeting  of  the  Institute  of 
Metals  to  be  held  in  the  Lecture  Theatre  of  the  Institution 
on  the  12th  May,  1915,  at  8.30  p.m.,  when  Sir  J.  J.  Thom- 
son, O.M.,  will  deliver  a  lecture  on  "The  Passage  of 
Electricity  through  Metals." 

ACCESSIONS   TO   THE    REFERENCE    LIBRARY. 
ERSKiN'E-MuRR.-iY,  J.     A  handbook  of  wireless  telegraphy  : 
its  theory  and  practice. 

Sth  ed.     8vo.     458  pp.     London,  1914 


Jervis-Smith,  F.  J.  Dynamometers.  Edited  and  amplified 
by  C.  V.  Boys.  8vo.     283  pp.     London,  1915 

Macomber,  G.  S.    Modern  land  and  submarine  telegraphy. 

A  brief  up-to-date  treatise  on  the  electric  telegraph,  etc. 

8vo.     93  pp.     Cliicago,  1914 

Murdoch,  W.  H.  F.,  and  Oschwald,  V.  A.  Electrical 
instruments  in  theory  and  practice. 

sm.  8vo.     374  pp.     London,  1915 

Peddie,  J.  T.  First  principles  of  production.  A  study  of 
the  first  principles  of  production  and  the  relation  of 
science  to  industry.  8vo.     231  pp.     London,  1915 

Russell,  A.  A  treatise  on  the  theory  of  alternating  cur- 
rents,   and  ed.    vol.  i.    Svo.   548  pp.   Cambridge,  1914 

Shaw,  F.     Electrical  engineering  :  a  first  year  course. 

8vo.     154  pp.     London,  1914 
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THH  BOMH.w  HYDRO  i:li:<:tric  schh.mi: 


By  Alkkeu  Dickinson,  McmlM:r. 

{Paftr  tuoKtl  17  Daemhfi,  1914  ;  rtaJ  btpre  THe  I N-»TIT(  TIlin  »  A^ril,  aud  hi(or<  the  MAKcHl:>Tlil(  Uk'AL  SfcCTtuK 

27  April.  1915.) 


It  IS  p  ■        '. 

onlv  the  > 

. iru- Mrhciiie  known  as  the  lata  Hyilro-tlcclric 
1  -.  -pply  Company.  Ltd.,  Bombay.  The  main  object 
of  this  company  i»  to  supply  electrical  cnerg)'  for  use  in 
Bombay,  principally  for  power  in  cotton  mills. 

The   hydraulic   section   of   the   scheme   is  .exccption.il, 
•  .1  lukcs  have  liecn  cr.  i  the  whi'lc 

,'plyinjj  the  power  i~  :  from  tlie 

fjiii  laiiiii)>  duiiii^  the  monsoon.  Thiee  reservoirs  are 
being  formetl  by  constructin}<  dams  across  valleys  known 
as  Ixinawla,  Walwhan,  and  Shirawta.  From  the  re&er>'oirs 
the  ttutcr  is  conveyed  in  an  open  duct  to  the  forrbay,  and 
thence  through  pipe  lines  to  the  power  house,  a  distance 
of  13,000  feet,  in  which  length  there  is  a  fall  of  1.715  feet. 


tleneralion  is  at    5.otx)  xxills,   3  ;  the 

energ\'    being    transformed    up    i'      .  ot 

100,000  volts. 

It  is  proposed  to  describe  the  scheme  in  the  following 
order: — Lakes,  dams,  duct,  forebay,  pipe  line,  power  hoove, 
transmission  line,  receiving  station,  feeder  system,  mill 
equipments. 

L.tKES. 

Lonawla  is  a  storage  lake  intended  piincipally  for  use 
during  the  monsoon  period,  and,  when  this  lake  is  empty 
water  is  drawn  from  the  lakes  Walwhan  and  Shirawla. 

The  following  are  the  main  points  of  interest  in  con- 
nection with  tlicsc  three  lakes: — 


Hcicbt  in  (r: 

Kame  of  l.akc 

F.&Labore 

!>ra  Icnl 

OuUH  IjctcI 
above  Su.|<;tri 

JOj.> 

2.031 
2,084 

ll.m\» 

5^ 

74 

Ouuabotr 

IjL>«l>r>t  Pu  ol  <'l 

Valtcv 

Lonawla...         

Walwhan             

Shirawta... 

2,051 

J.oJ>4 
2.158 

36 

68 

.ct  ai  Like* 


361 
560 

•/»3 


The  power  housr  i<  «il(iated  at  a  place  known  as  Khopoli. 
V  ne  43  miles  from  the  receivinij 

..•ay. 

I'hc  present  scheme  is  to  install  in  the  power  house 
eight  sets,  each  of  11,000  b.h.p.,  and  in  the  receiving  station 
the  plant  necessary  to  deal  with  the  powerhouse  output. 
Kivc  sets  only  we  now  installed  in  the  power  house,  and 
the  remaining  three  sets  will  be  put  down  as  water 
becomes  available. 
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wth 
heart  01  uncombed  rubble  masonn'.     Sections  ol  the  dams 
are  shown  in  Kig.  1. 
Two  dams  foiin  LonawU  l^ake.  a  main  dam  y.dxt  feet 

longacrossthevallcy  and  a  smaller  dam '■     '  "'rstuioc* 

aie   built   l.t/cx)  feet  long,  the  lornier  l>  40  feel 

high  to  the  bottom  i.4  the  foundation  and  .i-  ic>.t  atHH'e  Um 
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lowest  level  of  the  valley,  across  the  head  waters  of  the 
Indrayani  Kiver.  The  dam  has  ample  waste  escapes, 
scouring  sluices,  and  outlet  sluices,  and  the  top  carries  a 
roadway  with  parapets  on  each  side. 

Walwhan  dam  is  4,500  feet  long  and  75  feet  high  to  the 
bottom  of  the  foundations  and  68  feet  above  the  lowest 
level  of  the  valley.  The  dam  is  provided  with  waste 
escapes  and  ample  sluices  of  large  dimensions,  and  the 
top  carries  a  footpath  with  parapets  on  each  side. 

Shirawta  dam  is  8,000  feet  long  and  100  feet  high  to  the 
bottom  of  the  foundations,  and  92  feet  above  the  lowest 
level  of  the  valley.     The  dam  is  provided  with  a  waste- 


to  the  fixed  work  through  systems  of  free  rollers  which 
greatly  reduce  the  friction  compared  with  simple  sliding 
gates,  so  that  the  weight  of  the  sluice  itself  is  ample  for 
closing  purposes  under  the  worst  conditions.  The  sluices 
are  built  up  of  wrought-slecl  plates  and  sections,  provision 
being  made  for  reducing  the  leakage  to  the  required  amount 
by  an  adjustable  stancliion  bar  on  the  top  of  the  gate, 
which  shuts  on  to  the  lintel  simultaneously  with  the  sluice 
skin  shutting  on  to  the  sill,  and  two  adjustable  side  bars 
which  can  be  adjusted  when  the  sluice  is  closed  from  the 
downstream  side.  The  grooves,  lintel,  and  sill  are  of  cast 
iron  built  into  the  masonry  of  the  dam,  the  grooves  being 
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Shirawta  dam  (supepsbrucbure) 


Vfelwhan  dam  (supersbrucbure) 
Fig.  I. — Section  of  Dams. 


weir  2,470  feet  long,  and  the  top  will  carry  a  footpath  with 
parapets  on  each  side. 

The  dams  are  designed  so  that  the  resultant  of  the  water 
pressure  and  the  dam  weight  at  any  height  cuts  the  base 
at  the  height  within  the  middle  third  of  the  thickness,  the 
weight  of  masonry  being  taken  at  156  lb.  per  cubic  foot  ; 
and  ?t  no  other  point  either  with  the  lake  full  or  empty  is 
the  pressure  on  either  edge  to  exceed  6  tons  per  square 
foot.  The  total  quantity  of  rubble  masonry  in  the  three 
dams  is  926,000  cubic  yards.  The  outlet  of  Shirawta  Lake 
is  connected  to  Walwhan  Lake  by  a  tunnel  5,000  feet  long 
through  the  hills,  the  formation  being  hard  trap  rock.  At 
the  inlet  of  this  tunnel  there  is  a  head  wall  containing 
ample  sluices  to  allow  Shirawta  Lake  to  be  discharged  into 
Walwhan  Lake  as  desired  to  meet  the  required  conditions 
of  draw  off. 

In  the  dams  and  head  wall  the  sluices  are  of  the  "  Stoney  " 
type  in  which  the  pressure  against  the  sluice  is  transferred 


provided  with  shield  plates  for  protecting  the  rollers  from 
the  force  of  the  water,  an  important  point  as  regards  the 
durability  of  the  rollers  and  roller  paths. 

To  reduce  the  labour  of  lifting  the  sluices,  concrete 
counter  blocks  are  provided,  suspended  on  pitch  chains 
passing  round  sprocket  wheels  driven  by  spur  gearing. 
The  ease  of  the  operation  is  such  that  one  man  working 
the  lifting  crab  of  the  6  ft.  and  7  ft.  sluices  can  open  or 
close  them  at  the  rate  of  175  feet  per  minute. 

There  are  in  all  13  sluices,  four  5  feet  X  5  feet  for 
operating  against  a  head  of  74  feet,  five  6  feet  X  7  feet  for 
operating  against  a  head  of  52  feet,  and  four  6  feet  x  7  feet 
for  operating  against  a  head  of  25  feet.  Sluice-gear  houses 
are  provided  built  of  coursed  rubble  masonry  rough 
dressed  with  domen  of  brick  in  Portland  cement  and 
mortar  rendered  with  Portland  cement  inside  and  out. 

For  scouring  purposes  another  type  of  sluice  is  used 
having  frames  and  doors  of  cast  iron  with  gunmetal  faces 
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I  he   coinpu>ition    of    the   mortar   is   varied    to    suit   the 

materials    available.      The     combinations     used     are     us 
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stone  and  burnt  brick  in  equal  proportions. 
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18  hours  a  further  batch  is  immersed.  If  these  set  the 
mortar  is  termed  third-class  hydraulic  :  whereas  if  tbey  do 
not  set  the  mortar  is  considered  bad  and  Meps  arc  t;ikca 
to  remedy  the  defects. 
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power  house  floor-level  309  feet  above  the  mean  sea-level, 
giving  a  static  head  of  1,725  feet  to  the  centre  of  the  turbine 
gate,  with  a  pipe  pressure  of  743  Ih.  per  square  inch. 
With  four  turbines,  each  running  at  11,000  b.h.p.,  the  total 
loss  of  head  is  66  feet.  The  pipe  line  is  capable  of  supply- 
ing water  simultaneously  to  four  main  turbines  and  two 
exciter  turbines,  with  provision  for  connecting  one  addi- 
tional main  turbine  to  the  upper  pipe  line. 

The  whole  of  this  pipe  work  was  tested  at  the  maker's 
works  before  shipment  by  hydraulic  pressure  to  50  per 
cent  in  excess  of  the  static  pressure  to  which  each  length 
is  .subjected  in  service  in  the  case  of  the  straight  pipes,  and 
with   hot  petroleum  in  the  case  of  bends ;  and  physical 


spanned  by  a  67-ton  electric  travelling  crane,  5,000-volt 
busbar  and  oil-switch  rooms,  transformer  compartments- 
with  a  tramway  passage  and  turntable  for  handling  the 
transformers  by  means  of  trucks,  a  repair  shop,  all  these 
being  on  the  ground  Hoor,  together  with  a  100,000-volt 
busbar  and  oil-switch  room  and  transmission-line  outlet 
tower  located  on  the  floors  above. 

The  main  sets  consist  of  Escher-Wyss  liydraulic  impulse: 
turbines  of  the  horizontal  type  running  at  300  r.p.m.  and 
direct-coupled  to  Siemens  Brothers  3-phase  generators- 
The  e-xciter  sets  consist  of  Escher-Wyss  tangential  wheels^ 
running  at  600  r.p.m.  and  direct-coupled  to  Siemens- 
Brothers  compound-wound  generators. 


Fig    7. — Plan  of  Power  House. 


test  certificates  of   the  steel  plates  used    in  manufacture 
were  submitted  for  approval  before  rolling. 
A  profile  of  the  pipe  line  is  shown  in  Fig.  6. 

Power  House. 

The  scheme  has  been  designed  for  a  normal  plant 
capacity  of  S8,ooo  horse-power  in  eight  main  ii,ooo-h.p. 
sets,  two  850-h.p.  exciter  sets,  eight  step-up  3-phase 
lo.oco  k.v.a.  transformer  banks  witli  the  necessary  switch- 
gear,  station  auxiliary  apparatus,  and  four  outgoing  lines. 

The  present  building  (Figs.  7  and  8),  which  is  capable 
of  extension  as  required,  will  take  five  main  and  two 
exciter  sets,  five  transformer  banks,  switchgear,  and 
auxiliaries,  and  tw-o  outgoing  lines,  of  which  live  complete 
iMiits  are  now  being  installed  with  two  outgoing  lines. 
The  building  consists  of  a  turbine  and  generator  room. 


The  turbine  wheels  consist  of  cast-steel  discs  and  buckets 
carried  by  Siemens-Martin  steel  shafts  with  two  ring- 
lubricating  bearings  provided  with  water  cooling.  The 
nozzles  are  of  the  cast-steel  deflecting  type,  and  the 
governors  are  of  the  oil-pressure  type  fitted  with  hydraulic 
automatic  servo-motors,  guaranteed  to  limit  the  speed 
variation  to  2^,  5,  and  12  per  cent  when  25,  50,  and  100 
per  cent  of  the  load  is  suddenly  thrown  off.  The  deflect- 
ing nozzle  is  fitted  in  the  inlet  pipe  by  means  of  tw& 
bearings  and  is  made  watertight  on  both  sides  by  means 
of  leather  washers.  It  is  operated  by  the  servo-motor, 
which  consists  of  a  casing  with  a  differential  piston,  of 
which  the  lower  small  piston  is  under  constant  water 
pressure  and  the  upper  large  piston  under  variable  water 
pressure.  A  dash-pot  connects  the  deflecting  nozzle  and 
the    automatic    speed    governor,    only   the    needle   being 
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connected  rigidly  to  the  governor.  The  whole  regulating 
mechanism  is  operated  by  this  oil-pressure  governor,  the 
action  being  as  follows  : — 

In  the  event  of  a  sudden  closing  movement,  the  servo- 
motor lifts  the  lever  of  the  main  regulation  sliaft  and  also  the 
dash-pot.  The  discharge  valve  located  immediately  below 
the  latter  opens  a  slot  through  which  the  water  above  the 
piston  can  escape.  The  piston  of  the  servo-motor  and  the 
rear  end  of  the  complete  deflecting  nozzle  are  lifted,  and 
the  jet  is  diverted  from  the  runner-wheel,  the  levers  being 
so  arranged  that  during  this  operation  there  is  no  move- 
ment of  the  needle  to  close  the  nozzle,  thus  guarding 
against  an  increase  of  pressure  in  the  pipe  line.  The 
nozzle  then  begins  to  return  to  its  normal  position,  the 
needle  at  the  same  time  decreasing  and  closing  the  jet 
outlet.  This  movement  is  followed  automatically  by  the 
action  of  the  dash-pot,  the  piston  slowly  sinking  and 
closing  the  discharge  valve  situated  below,  when  water 
under  pressure  enters  the  large  cylinder  of  the  servo- 
motor by  a  pipe  in  which  an  adjustable  diaphragm  is  fitted 
in  front  of  the  inlet  to  the  chamber.  The  servo-motor 
piston  is  thus  forced  downwards  and  the  deflecting  nozzle 
returned  to  its  normal  position.  With  a  slow  closing 
movement  of  the  regulator  the  nozzle  is  not  deflected 
owing  to  the  slow  movement  of  the  dash-pot  piston,  the 
needle  being  slowly  operated  directly  from  the  regulator. 
With  an  opening  movement  of  the  regulator  the  nozzle 
is  simply  opened  as  in  the  case  where  no  deflecting 
mechanism  is  used.  The  thrust  in  the  inlet  bend,  caused 
by  the  deflection  of  the  water,  is  taken  up  by  a  thrust  plate 
fitted  in  the  end  cover  of  the  outside  bearing,  the  bearings 
being  connected  by  four  strong  rods. 

The  exciter  turbines  have  separately-fitted  cast-steel 
buckets,  with  similar  governors  guaranteed  to  limit  the 
speed  to  3,  6,  and  16  per  cent  when  25,  50,  and  100  per 
cent  of  the  load  is  suddenly  thrown  off.  The  guaranteed 
full-load  efficiency  is  82  per  cent  for  the  main,  and  77  per 
cent  for  the  exciter  turbines. 

The  main  generators  are  of  the  rotating-field  totally- 
enclosed  type,  designed  for  a  normal  load  rating  of 
8,000  kilowatts  at  a  power  factor  of  o'8  and  4,000  to  5,300 
volts  50  periods,  3-phase,  with  a  temperature  rise  not 
exceeding  60  degrees  F.  above  air  at  110°  F.,  and  20  per 
cent  overload  for  lo  hours  without  injury.  The  full-load 
efficiency  at  o'S  power  factor  is  g4'3  per  cent,  with  an 
inherent  regulation  of  9  per  cent  at  unity  and  22  per  cent 
at  o"8  power  factor.  Induced  ventilation  is  provided  by 
means  of  fans  on  the  rotor  shafts,  each  machine  being 
connected  to  the  main  inlet  air-duct  by  a  shutter  and 
to  the  outlet  air-duct  to  the  atmosphere.  These  shutters 
are  motor-operated  with  automatic  control,  so  arranged 
that  when  the  field  switches  are  closed  the  shutters  are 
open,  and  vice  versa.  The  bearings  are  supplied  with 
oil  under  pressure  and  are  provided  with  water  cooling. 

The  exciters  are  compound-wound  machines  designed 
for  a  full-load  rating  of  600  kilowatts  at  250  volts,  and 
20  per  cent  overload,  the  full-load  efficiency  being 
93  per  cent.  The  energy  required  for  excitation  at  full- 
load  and  unity  power  factor  is  25  kilowatts  and  at  pS  power 
factor  is  38  kilowatts. 

Each  3-phase  transformer  bank  consists  of  three  single- 
phase  General  Electric,  oil-immersed,  water-cooled,  static 
transformers,  delta-delta   connected   and   designed  for  a 


full-load  output  of  3,333  k.v.a.  at  o'8  power  factor  when 
stepping  up  from  5,000  to  100,000  volts,  50  periods,  the 
temperature  rise  not  exceeding  70  degrees  F.  above  cooling 
water  at  75°  F.,  with  a  water  circulation  of  950  gallons 
per  hour.  These  sets  are  capable  of  20  per  cent  overload 
for  10  hours  with  a  water  circulation  of  1,200  gallons  per 
hour  without  injurious  heating. 

The  full-load  efficiency  at  o'8  power  factor  is  98' i  per 
cent,  and  the  efficiency  at  half  load  is  97^2  per  cent.  The 
regulation  is  o\S  per  cent  at  unity  power  factor,  and  4-6 
per  cent  at  0'8  power  factor. 

The  transformers  are  of  the  shell  type,  liaving  flat 
primary  and  secondary  coils  placed  vertically  and  sur- 
rounded by  a  laminated  sheet-steel  core,  the  design  and 
arrangement  being  such  that  the  heat  is  conveyed  from 
the  interior  to  the  water-cooling  coils  and  tank  by  natural 
circulation. 

The  tanks  are  of  boiler-plate  steel,  cylindrical  in  form. 
They  are  provided  with  lugs  for  lifting  the  complete 
transformer  and  are  supported  on  a  cast-iron  base,  all 
the  joints  being  made  oil-tight  by  heavy  riveting  and 
caulking.  The  covers,  which  are  of  steel  plate,  are  pro- 
vided with  a  manhole  for  giving  access  to  the  internal 
connection  board,  and  are  arranged  for  being  lifted 
separately  or  with  the  coils  and  core.  The  fittings  include 
an  oil  gauge,  a  thermometer,  a  draw-off  cock,  and  flanged 
wheels.  The  terminal  leads  from  the  primary  and 
secondary  windings  are  brought  out  through  the  cover 
by  suitable  bushings  of  ample  surface  to  prevent  leakage. 
The  high-tension  bushings  are  of  the  compound-filled 
type  and  consist  of  a  conductor  rod  from  the  top  to  the 
bottom  which  is  surrounded  by  several  concentric  press- 
board  insulating  cylinders,  separated  by  spaces,  outside 
which  the  exterior  wall  of  the  bushing  is  built  up  of  a 
number  of  annular  rings  of  moulded  insulating  compound, 
interspaced  with  impregnated  press-board  discs  of  larger 
diameter  than  the  rings  in  order  to  prevent  leakage. 
These  discs  and  rings  are  cemented  together  and  are 
tightly  clamped  by  nuts  at  the  top  and  bottom  of  the  rod. 
The  bushings  are  supported  on  cast-iron  rings  attached 
to  the  cover.     The  low-tension  bushings  are  of  porcelain. 

The  principal  dimensions  of  the  transformers  are  as 
follows  : — Height  to  the  top  of  the  high-tension  lead  16 
feet,  and  to  the  cover  13  feet ;  diameter  of  the  tank  8  feet. 
The  weight  when  assembled  and  filled  with  oil  is  24  tons, 
of  which  the  core  and  coils  account  for  11  tons.  The 
quantity  of  oil  required  for  filling  is  2,300  gallons,  and 
weighs  8  tons.  The  oil  used  is  a  specially-prepared 
mineral  oil,  treated  before  filling,  and  from  time  to  time 
in  service,  in  a  drying  and  purifying  outfit  in  order  to 
remove  moisture  and  foreign  matter,  which  affects  or 
endangers  the  insulating  properties  of  the  oil.  This  outfit 
consists  of  a  portable  set  comprising  a  filter-press,  a 
motor-driven  centrifugal  pump,  and  a  strainer,  and  is 
mounted  on  a  truck.  It  is  capable  of  treating  1,500  gallons 
of  oil  per  hour,  the  filtering  medium  being  blotting 
paper. 

Provision  is  made  in  the  oil-pipe  system  for  connecting 
this  set  to  any  transformer  the  oil  of  which  requires 
treatment.  The  oil  is  tested  in  a  standard  testing  set, 
consisting  of  an  oil  receptacle  with  a  0"2  in.  spark-gap 
and  contacts,  and  a  testing  transformer,  and  the  oil  is 
filtered  until  the  puncture  voltage  is  raised  to  40,000  volts. 
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The  water  supply  for  the  cooling  coils  is  obtained  from 
the  pipe  line  through  a  reducing  valve,  a  tank  being 
provided  tor  the  system,  whence  the  water  is  fed  hy 
gravity  at  an  inlet  head  of  about  20  feet  through  the 
necessary  piping  and  valves  connecting  up  tlie  three  coils 
placed  in  the  upper  part  of  eacli  tank,  where  Ihey  are 
constantly  in  contact  with  the  lieated  oil  rising  from  the 
windings  and  core. 

Each  bank  of  transformers  on  overload  rating  takes 
3,600  gallons  of  water  per  hour  at  a  temperature  of  75°  F., 
and  the  total  requirements  of  the  plant  now  being  installed 
will  be  iS.ooo  gallons  of  water  per  hour. 

The  coils  are  made  of  heavy  lap-welded  wrought-iron 
pipe  with  electrically-welded  joints,  and  are  subjected  to 
an  oil  test-pressure  of  1,000  lb.  per  square  inch.  Each 
iulct  pipe  is  provided  with  a  water-flow  indicator  and  a 
discharge  alarm. 

The  oil-supply  service  comprises  an  oil  sump,  a 
filtered-oil  tank,  pipes  and  valves  to  the  transformers,  and 
an  oil  pump. 

The  sump  and  transformer  inlet-valve  levels  are  ar- 
ranged so  that  the  transformers  are  emptied  by  gravity, 
and  the  oil  is  pumped  from  the  sump  to  the  filtered-oil 
tank  by  means  of  the  portable  oil-treating  set,  the  oil 
passing  through  the  filter  press. 

The  oil-pump  set  consists  of  a  single-stage  turbine- 
pump  direct-coupled  to  a  5-h.p.  440-volt  50-period  3-phase 
induction  motor  running  at  2,900  r.p.m.  This  pump  has  a 
capacity  of  3,000  gallons  per  hour  against  a  head  of  60 
feet. 

The  diagram  of  connections  of  the  switchgear  system 
is  shown  in  Fig.  9.  Provision  is  made  for  operating  each 
main  unit  with  its  own  transformer  bank,  or  through  the 
5,000-volt  transfer  busbar  with  any  bank  as  required,  and 
on  the  high-tension  side  the  transformer  banks  and  out- 
going lines  are  operated  in  parallel. 

The  equipment  consists  of  remote-control,  electrically- 
operated  oil  switches  and  other  apparatus  operated  from 
the  benchboard  located  on  a  gallery  overlooking  the 
generator  room  at  a  point  which  will  eventually  be  the 
centre  of  the  building. 

The  apparatus  in  tlie  generator  circuits  consists  of  three 
single-pole,  non-automatic,  solenoid-operated  oil  switches 
in  cell  compartments,  disconnecting  switches,  and  current  • 
and  potential  transformers  ;  and  in  the  high-tension  side 
of  the  transformer  banks  three  single-pole,  automatic, 
solenoid-operated  oil  switches  in  tanks,  disconnecting 
switches,  and  series  relays  ;  and  similar  equipments  in  tlie 
outgoing  lines  with  the  addition  of  current  transformers, 
choke  coils,  and  lightning-arrester  equipment. 

The  high-tension  oil  switches  are  automatically  tripped 
by  inverse  time-limit,  overload,  series  relays  which  are 
mounted  on  post  insulators,  a  long  rod  from  the  relay 
closing  a  switch  on  the  wall  in  the  opening-coil  circuits 
of  the  solenoids  in  the  control  wiring.  Each  switch  unit 
is  designed  to  operate  as  "one  switch  with  a  breaking 
capacity  of  40,000  k.v.a. 

The  transfer  busbar  system  consists  of  a  copper  bar 
carried  on  insulators  and  sectionalized  by  means  of  dis- 
connecting switches,  and  the  high-tension  busbar  system 
of  copper  tubing  which  is  carried  on  post  insulators,  sus- 
pended from  the  roof,  sectionalized  with  disconnecting 
switches  and  provided  with   three  single-pole,  automatic, 


solenoid-operated  oil  switches  in  tanks  between  the  fourth 
and  fifth  banks.  This  switch  is  tripped  by  means  of 
inverse  time-limit,  overload  relays  in  connection  with 
current  transformers. 

The  low-tension  wiring  consists  of  varnished  cambric- 
insulated,  fireproof-treated  cables,  and  the  liigh-tcnsion 
copper  tubing  on  post  insulators  arranged  for  a  phase- 
spacing  of  5  feet  and  a  striking  distance  to  earth  of  3  feet, 
the  circuits  being  taken  through  the  roof  of  the  trans- 
former compartments  in  compound-filled  bushings. 

The  switchgear  equipment  in  the  water-rheostat  testing 
circuit  consists  of  three  single-pole  automatic  solenoid- 
operated  oil  switches,  current  transformers,  and  a  dis- 
connecting switch,  and  in  the  testing-transformer  circuit 
a  triple-pole,  automatic,  motor-operated  oil  switch,  instan- 
taneous overload  series  relays,  current  and  potential 
transformers,  a  disconnecting  switch,  and  a  voltage 
regulator. 

This  transformer  has  a  capacity  of  100  k.v.a.  and  trans- 
forms from  5,000  to  200,000  volts,  50  periods,  single-phase. 

The  switchgear  equipment  in  the  dupHcate  station  trans- 
former circuits  from  the  transfer  busbar  consists  of  triple- 
pole,  automatic,  motor-operated  oil  switches,  instantaneous, 
overload  series  relays,  and  disconnecting  switches. 

The  benchboard,  which  is  capable  of  extension  as 
required,  is  built  of  blue  Vermont  marble  panels,  mounted 
on  pipe  supports,  with  grille  work  at  the  back  fitted  with 
the  necessary  instruments,  control  switches,  and  indicating 
lamps,  a  mimic  busbar  system  of  remote-control  apparatus 
for  operating  the  generators  and  transformer  banks,  exciters, 
outgoing  lines,  station  transformers,  a  testing  transformer, 
and  a  water-rheostat  testing  equipment.  Calibrating  and 
testing  terminals  are  provided  and  also  a  swinging  bracket 
carrying  illuminated-dial  voltmeters  and  a  synchronism 
indicator.  For  signalling  to  the  generator-room  floor  a 
complete  signal  systetn  is  installed,  with  a  signal  stand  near 
each  generator. 

The  control  switches  are  of  the  "  push  and  pull  "  button 
type,  single-pole  double-throw,  a  green  pilot  lamp  indicating 
the  open  position  of  the  oil  switches,  and  a  red  pilot  lamp 
the  closed  position. 

The  system  is  operated  at  220  volts  from  a  6o-ampere 
8-hour  battery,  or  from  the  18  kw.  motor-generator  charging 
set  if  required. 

From  this  supply  are  also  operated  the  motors  of  the 
generator  field-rheostats,  air-duct  shutters,  and  turbine 
governors. 

The  auxiliary  switchboard  controls  the  supply  from  the 
two  312  k.v.a.  5,000/440-volt  50-period  3-phase  transformers 
for  station  power  and  lighting.  It  is  built  of  blue  Vermont 
marble  panels,  carried  on  pipe  supports.  There  are  two 
transformer  panels,  six  double  feeder  panels,  a  lighting 
panel,  and  a  battery  and  motor-generator  panel. 

The  busbars  are  of  copper  bar  and  are  carried  on 
insulators  at  the  back  of  the  board.  The  oil  switches  are  of 
the  triple-pole,  automatic,  hand-operated  type,  and  are  fixed 
behind  the  board,  the  transformer  circuits  having  current 
transformers  and  inverse  time-limit  overload  relays,  and  the 
power  circuits  trip  coils  for  automatic  protection. 

Voltage  regulators  are  installed  for  maintaining  a 
constant  voltage  on  the  busbars. 

The  lighting  supply  is  furnished  from  three  30-kw. 
440/220-volt  50-period  single-phase  transformers. 
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random  from  each  coil  during  manufacture  and  are  tested 
in  tension  and  torsion  machines.  The  mechanical  tests 
are  a  breaking  stress  of  5,400  lb.,  an  elongation  of  i  per  cent 
in  six  inches,  an  elastic  limit  of  3,800  lb.,  a  torsional  test  of 
15  twists  in  three  inches,  and  a  wrapping  test  of  six  times 
round  its  own  diameter,  unwrapped  and  re-wrapped. 
For   the   creek-crossing   spans   a   7-stiand    hard-drawn 


limit  of  10,500  lb.  .-V  torsional  test  of  8  twists  in  six  inches, 
and  a  wrapping  test  of  six  times  round  its  own  diameter 
unwrapped  and  re-wrapped. 

Individual  wires  of  each  conductor  arc  drawn  in  as  long 
lengths  as  possible,  and  where  joints  are  used  they  are 
silver  brazed,  the  conductors  being  supplied  in  standard 
lengths  of  2,200  yards. 


SUSPENSION   TYPE 


CREEK    CROSSING    TYPE 

Fig.  ii. — Transmission-line  Insulators. 


silicon  bronze  conductor  is  used,  having  an  area  of  0"i69 
square  inch,  a  weight  between  the  limits  of  648  and  676  lb. 
per  1,000  feet,  and  a  resistance  of  0514  ohm  per  mile 
at  60°  F. 

The  mechanical  tests  are  a  breaking  stress  of  14,000  lb., 
an  elongation  of  ij  per  cent  in  six  inches,  and  an  elastic 


For  jointing  up  on  the  site  a  twisted-sleeve  mechanical 
joint  is  used,  which  is  made  by  passing  the  two  ends  of  the 
conductors  in  opposite  directions  through  a  copper  sleeve, 
then  clamping  the  wires  and  sleeve  together  with  two 
clamps  and  rotating  the  clamps  in  opposite  directions  until 
tlie  joint  is  made  in  several  complete  twists. 
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For  improving  the  power  factor  and  regulation  of  the 
system,  duplicate    synchronous-condenser  sets    are   pro- 


The  motors  are  rated  at  3,000  k.v.a.  full-load  input  with 
a  temperature  rise  of  60  degrees  F.  for  the  armature,  and 


in 


I 


vided,  each  consisting  of  a  6,600-volt,  50-cycle,  500  r.p.m., 
3-phase  synchronous  motor  with  a  125-volt  exciter  on  the 
overhung  part  of  the  shaft. 


80  degrees  F.  for  the  field,  the  atmospheric  temperature 
being  taken  at  110°  F.,  and  the  motors  are  capable  of  run- 
ning at  20  per  cent  overload  for  10  hours  without  injury. 
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with  an  auxiliarv  board  for  the  station  power  and  lighting 
circuits. 

Tlie  equipment  in  connection  witli  the  incoming  lines, 
the  high-tension  side  of  the  transformer  banks,  the  high- 
tension  busbar  connections,  and  the  lay-out  is  similar  to 
the  power-house  equipment,  except  that  the  oil  switches 
between  the  busbars  and  the  transformer  banks-  are 
automatically  protected  bj'  the  same  relays  as  the  low- 
tension  oil  switches. 

The  equipment  on  the  low-tension  side  of  the  banks 
consists  of  triple-pole,  motor-operated,  automatic  oit 
switches  in  cell  compartments,  and  current  transformers 
and  disconnecting  switches,  with  similar  equipments  in  the 
feeder  circuits.  In  the  former  case  the  oil  switches  are 
provided  with  inverse  time-limit,  overload,  secondarj' 
rela}'S  for  automatic  protection,  and  in  the  latter  case  with 
instantaneous,  overload,  secondary  relays. 

The  low-tension  6,600-volt  busbar  system  consists  of 
copper  bar,  carried  on  insulators,  in  concrete  compart- 
ments, sectionalized  by  means  of  disconnecting  switches, 
whilst  an  auxiliary  busbar  is  provided  for  the  synchronous 
condensers  and  the  station  transformer.  The  plant  is 
connected  up  on  the  low  -  tension  side  by  varnished 
cambric-insulated,  fireproof-treated  cable. 

Each  phase  of  the  motor-operated  oil  switches  is  con- 
tained in  separate  oil  vessels,  which  can  be  readily 
removed  from  the  cells. 

The  switchgear  in  the  synchronous  condenser  circuits 
consists  of  disconnecting  switches,  a  triple-pole,  automatic, 
motor-operated  oil  switch,  and  a  triple-pole,  non-automatic, 
solenoid-operated  oil  switch  ;  whilst  current  transformers 
are  fixed  in  the  main  motor  circuits,  with  triple-pole,  non- 
automatic,  solenoid-operaled  starting  and  magnetizing  oil 
switches  in  the  compensator  circuit.  All  these  switches 
are  remote-controlled  from  the  benchboard  and  also  the 
motor-operated  field  rheostat  and  solenoid-operated  exciter 
rheostat.  The  automatic  oil  switches  are  tripped  by 
inverse  time-limit,  overload  relays. 

The  station  transformer  bank  is  connected  to  the 
6,600-volt  busbar  through  a  triple-pole,  motor-operated  oil 
switch  with  series,  instantaneous,  overload  relays  and 
disconnecting  switches. 

The  benchboard  consists  of  blue  Vermont  marble  panels 
mounted  on  pipe  supports,  with  grill  work  at  the  back, 
and  fitted  with  instruments,  control  switches,  indicating 
lamps,  and  a  mimic  busbar  system  for  operating  the  two 
incoming  lines,  five  transformer  banks,  34  feeder  circuits, 
synchronous  condensers,  and  the  station  transformer. 

The  secondary  relays  are  fixed  on  the  back  of  the  board. 
Calibrating  and  testing  terminals  are  provided  and  also  a 
swinging  bracket  carrying  illuniinated-dial  instruments. 

The  control  system  is  operated  at  220  volts  from  a 
6o-ampere  8-hour  battery,  or  from  the  18  kw.  charging  set 
which  also  operates  the  series  motors  of  the  motor-operated 
oil  switches. 

The  auxiliary  switchboard  controls  the  supply  from  three 
single-phase  42  k.v.a.  6,600/220-volt,  50-period  station 
transformers.  It  is  built  of  blue  Vermont  marble  panels 
on  pipe  supports.  It  has  a  transformer  panel,  four  double- 
feeder  panels,  a  lighting  panel  and  a  battery  and  motor- 
generator  panel.  The  busbars  consist  of  copper  bar 
carried  on  insul.itors  on  pipe  supports  at  the  back  of  the 
beard.     It  is  equipped  with  a  triple-pole,  automatic,  hand- 


operated  oil  switch  and  current  transformers  in  the  trans- 
former circuit,  and  triple-pole,  lever  switches  and  cartridge 
fuses  in  the  power  and  ligliting  circuits. 

The  6,600-volt  busbars  have  aluminium-cell  static  dis- 
chargers, and  an  arrangement  of  earthed  busbars,  copper 
eartli-plates,  and  connections  similar  to  that  at  the  power 
house  is  provided. 

Dividing  boxes  on  the  wall  of  the  6,600-volt  busbar  room 
connect  the  varnished  cambric,  single-conductor  feeder 
cables  to  the  armoured  3-core  cables  which  are  run  out  of 
the  building  in  an  alley  way  to  a  cable  chamber  where 
they  are  connected  to  the  feeder  distribution-system. 

Feeder  System. 

The  feeder  distribution-system  from  the  receiving  station 
to  the  mills  is  designed  for  a  6,600-volt  50-period  3-phase 
supply  with  an  unearthed  neutral.  The  cables  arc  of  the 
3-core  paper-insulated,  lead-covered  type,  in  standard  sizes 
(viz.  0"l,  0'I5,  and  o'2  sq.  in.  section)  and  are  laid  on  the 
solid  system  in  bitumen  in  earthenware  troughing  in 
trenches  18  inches  deep  below  the  footway  and  24  to  30 
inches  below  the  surface  in  side  and  main  streets. 
They  are  designed  for  continuous  operation  at  a  current 
density  of  1,050  amperes  per  square  inch  for  the  0'2  sq.  in. 
size,  1,240  amperes  per  square  inch  for  the  0'i5  sq.  in.  size, 
and  1,560  amperes  per  square  inch  for  the  o'l  sq.  in.  size, 
with  a  reduction  of  5  per  cent  in  the  carrying  capacity 
when  two,  and  15  per  cent  when'four  cables  are  laid  side 
by  side.  The  mills  are  arranged  in  groups,  each  group 
having  a  feeder  to  each  mill,  with  an  emergency  ring- 
feeder  connecting  up  all  the  mills  of  the  group. 

Fig.  16  shows  the  grouping  of  the  mills  and  the  feeder 
distribution  lay-out. 

Mill  Equipments. 

The  problem  presented  by  the  Bombay  Mills  was  the 
conversion  of  mechanical  to  electrical  drive  utilizing  the 
present  shafting,  the  change  being  effected  with  as  little 
interference  as  possible  with  the  production  of  the  mills. 
The  pVoblem  was  thoroughly  investigated,  and  after  due 
consideration  group-driving  with  direct-coupled  motors 
was  adopted  as  being  best  suited  to  the  requirements  of 
the  Bombay  industry. 

Standard  speeds  of  265,  290,  and  365  r.p.m.  were 
adopted. 

The  motors  are  of  the  slip-ring  induction  type,  wound 
for  2,000  volts  3-phase,  50-periods,  and  provided  with 
brush-lifting  and  short-circuiting  gear,  and  are  in  standard 
sizes  ranging  from  30  to  500  horse-power.  They  are 
designed  for  full-load  rating  with  a  temperature  rise  of 
70  degrees  F.  above  air  at  100°  F.,  and  for  50  per  cent 
overload  for  half-an-hour  without  undue  heating.  The 
full-load  efficiencies  range  from  87  to  92-5  per  cent,  and 
the  full-load  power  factors  from  074  to  0'84. 

The  starting  switches  are  of  the  liquid  type,  the 
electrodes  being  operated  through  slow-motion  gear  and 
the  motors  being  designed  to  start  up  against  the  full-load 
torque  with  a  starting  current  not  exceeding  the  full-load 
current.  In  the  case  of  callender  machines  special 
starters  are  required  in  order  to  meet  the  conditions  of  the 
service. 
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Power-house  and  receiving-    General    Electric  Co.,   New 

station   transformers   and        York. 

switchgear 
Turbines  and  generators    ...     Siemens   Brotliers   Dynamo 

Works,  Ltd. 


The    following   are    the    principal    members    of     the 
engineering  staff : — 

Engineer  in  charge   of   hy-     K.  H.  Joyner,  CLE. 
draulic  section 
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Fig.   17. — Sectional  Elevation  and  Plan  of  Motors  and  Stagings. 


Transmission     towers     and     Bullers,  Ltd. 

insulators 
Mill  equipments 


Street  distribution  system 


British  Westinghouse  Elec- 
tric and  Manufacturing 
Co.,  Ltd. 

Callenders  Cable  and  Con- 
struction Co.,  Ltd. 


Resident    engineer    on    hy-     B.  D.  Richards 

draulic  works 
Resident  electrical  engineer     H.  P.  Gibbs. 

and  general  representative 

in  India 
Chief  of  electrical  staff       ...     E.  S.  W.  Moore. 
Consulting  engineer  ...     A.  Dickinson. 
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frequency  oi  60,  and  it  i»  gratityiiif;  to  !>ce  that  lor  one  ot 
the  b«gge»I  electrical  enterprises  in  the  world  the  linti^h 
Standard  frequency  has  been  choiicn.     I  should  Uke,  how- 
in  his  reply  why  lie  adopted  such 
00  volts  lor  the  I11K-.  In-cause  there 
in  the  I'mtr': 
,    eiiies  are  >o  m, 
M  irom  30,000  to  70,000  volts  being  adopted  tor  li: 
from  40  to  to  miles  in  length,  and  I  know  of  no  in-t  . 
except  the  Bombay  scheme,  where  a  pressure  of  100,000 
volts  has  been  used  for  so  short  a  distance.     It  would  be 
useful   also    if    the   author   could    give    us   some    figures 
'.  (lie  saving  in  copper  !• .' 
fnt  f'ir  a  looooo-volt  a- 
wil  'jtion.     1  nuii«.c  (ii.t( 

the  .  :    the  reservoirs.     On 

a  visit  with  the  late  Mr.  Maiisergh  to  the  Khayader  reser- 
voirs  supplying   water   to    Birmingham    he   explained   to 
me   that   Portland   cement,  though   more  expensive,  was 
infinitely  stronger  and  much  quicker  in  setting  than  lime 
morlar.     I  should  thercfuie  be  glad  if   the  author  would 
mention  in  his   reply  why  he   preferred   lime   mortar    t>> 
l'ortl:in'i  cement.     I  hope  :il^>  that  (lu-  author  will  de^oriN- 
thc  in  the  iin 

8jJ  _    ,  ire  to  sut!. 

pressure,  and  also  how  corrosion  is  guarded  against.     In 
connection    with    the    power    house,    1    notice    that    the 
generators  are  driven    by    horizontal   impulse   turbines ; 
I'e!'  '      '        c  more  u-  loyed  with  verv  '    ,' 

he-i  lioruoiil.i  .it  Nccaxa  in  M 

of    >  as  at    ICi^    Lagus.   the    latlei    type 
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w'  .M.     1    also    notice    that    the 

ad  ,  :i  t.vpe   of   insulator   for   the 

ni.-  .1  should  like  to  know  why  he  did  that.     I 
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IX'  iision  i^^uUlo^^.  with  the  result 

tu..  ..J  to  be  taken  to  deal  with  the 


1 1  , ^    ^,if ^f 


is  concerned,   I  think  the  city  oi  j<  to  be  coo- 

gnilulated  on  the  view  which  thi-  •  ■  ■•'   '  •»  •iV-n 
of  this  problem  and  on  the  way  > 

also   the  native  princes  have   liackm  .^1-     i:    .»:  ^'.ai 

.isMstance    and     liave    helpi-il     in    oliii-r  diftilu'iis        The 


1    inanuiaciiiring   city,   ine\ 
spoilt    by  smoke   and    thus   ii 

cities  of  other  countries,  but  would  keep  the  city  as  lar 
possible    clean.      The   result    has    bee- 
which  is  one  of   the  most  wonderful 
■^  that  has  ever  taken  place  in  the  K 
,  world. 
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cent  piece  of  work  «.  . 
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proud.    My  only  regret  is  tliat  so  much 
come  from  Ureat  Britain.     Mr.  Hamn. 
line  pressure  of  100,000  volts,  and  askii  i.n    * 
he   had    adopted    such   a   high   pressure.     I    al- 
like   to   ask  the    s.11: 
th:it    s    K'"'^''   <^'^■'' 
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a  lower  pressure  been  adopted  lor  a 

in  length.     On   page  709  the   author ^ 

calls  the   line  efficiency,  and    he   gives  the  eft-. 

of    the    circuits    when    carrying    15.000    &>.   ».i.i< 
;  per  cent,  by  which    I    take   it   there  is  a  drop  o« 
7    per    cent    in    the    trat 


lliat  represents  a  pressure-drop  ol    14  2   |' 
do  not  quite  know  how  thai  is  obtained  u   .. 
of    the   line    is   93   per  cent  and   the   rotary 
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Mr.  Kiticr.     that  lie  uses  two  separaU'ly-drivcn  exciter  sots.     I  should 
like    to    know   whj'    he    li;is    adopted    separately -driven 
exciters  in  place  of   independent    exciters   upon   each   of 
the  turbines,  because   he   is   in   the   position    that  if   one 
of   the  exciters   fails  and  the   other   one   is   not  running, 
the  whole  station  is  shut  down  instead  of  only  one  unit. 
The  arrangement  of  the  governors  of  sucli  large  turbines 
is  one  of  the  most  important  things  connected  with  the 
plant,  but  the  author  does  not  mention  how  the  governors 
are  driven.     I  have  been  responsible  for  a  small  hydro- 
electric plant  in  the  Transvaal,  transmitting  over  a  distance 
of  about  22  miles.     We  have  turbines  of  the  same  general 
type  but  of  a  verv  much  smaller  size  tlian  those  used  by 
the  author,  and  our  experience  is  that   the  turbines  are 
built  by  one  firm  and  the  governors  usually  by  another 
firm.    The  governors  are  fixed  upon  a  concrete  foundation 
close  to  the  turbines,  and  are  generally  belt-driven  because 
the  turbine  maker  will  not  go  to  the  trouble  of  putting  an 
extension   to  his   bedplate  and  of  using  a  mechanically- 
driven  governor.     Belt-driven  governors  are  an  abomina- 
tion, and    I    wish  water-turbine   makers   would   learn,  as 
engine  makers  learnt  long  ago,  that  their  governors  should 
be   direct-driven   for   safety.     In  dealing   again   with   the 
transmission  s)'stem,  I  notice  from  page  705  that  the  author 
is    using    star-wound    generators   with    the    neutral    not 
earthed,  and  delta-delta  step-up   transformers  and  delta- 
delta    step-down    transformers.     He    has   apparently   no 
earthing  connection  on  any  part  of  his  system.     I  do  not 
know  what  the  climatic  conditions  are  in  the  neighbour- 
hood of  Bombay,  whether  they  suffer  there  from  lightning 
or  not,  but  it  has  been  found  on  the  Rand  that  earthing 
the  sj'Stem  in  several  places  has  been  essential  in  order 
to  reduce  the  risks  from  lightning.     I  should  like  to  know 
why  the  author  deliberately  leaves  his  generator  neutral- 
point   unearthed,   why  he   uses    delta-delta    step-up   and 
step-down  transformers,  why  he  does  not  have  a  neutral 
point   on   the   low-tension   distribution   system,   and   why 
he    does   not   earth   it.     He   will   understand    that   these 
questions   are  not  being  asked   in  a  hypercritical   spirit, 
but   for  the    sake    of    getting  a   little    more   information 
which  will  be  of  considerable  value  to  us.     Both  Fig.  14, 
which    shows    a    cross-section    of    the   receiving    house, 
and   Fig.  8,  which   shows   a   cross-section   of   the  power 
house,  give   some   indication  of   the  arrangements  which 
have   been   made   for   lightning   protection,  and  I  notice 
there   is   only   one   horn-gap    arrester    in    series   with  an 
aluminium   lightning   arrester.      Has  the  author  had  any 
experience  of  the  operation  of  this  arrangement,  and  has 
he   found   that   one  horn  arrester  is  sufficient  protection 
with  a  line  of  this  nature,  as  on  the  Rand  there  are  four  or 
five  horn  arresters  in  series,  and  I  do  not  think  that  any 
aluminium   arresters   are   used   at   all  ?     On   page   704  in 
describing  his  switchgear  arrangements  the  author  tells  us 
that  the  switclies  in  the  station  are  electrically  operated  at 
320  volts  from  a   small   battery  with  a  motor-generator, 
while  the  exciting  pressure  is   250   volts.     Would  not  it 
have  been  better  to  have  taken  the  operating  system  for 
switchgear  from  the  exciting  circuit,  which  is  at  a  pressure 
only  30  volts  higher,  and  to  put  the  battery  in  parallel 
with  the  exciters  ?    There  would  then  be  a  stand-by  for 
.both   services.       The   switchgear   is   evidently   American 
made,  and  I  notice  that  it  has  pipe  supports.     Has  the 
author  had   an}'  trouble  with   the  use  of  pipe   supports  ? 


The  panels  are  made  of  very  nice  lihie  \'erniont  marble,  Mr.  Nuicr. 
and  therefore  they  should  Iiave  good  supports,  but  I  should 
like  to  know  whctlier  the  author  has  found  it  necessary  to 
adopt  a  proper  angle  steel  framing,  as,  in  my  experience, 
pipe  supports  are  not  to  be  relied  upon.  The  line  as 
described  in  the  paper  is  novel  to  me,  because  instead  of 
being  a  single  conductor,  as  is  usual,  it  is  a  7-strand  wire.  j 

What  reason  had  the  author  for  adopting  a  7-strand  wire  I 

rather  than   a  solid  conductor,  and  does  he  expect  any  ' 

trouble  due  to  corrosion  of  that  wire,  because  it  will  have 
a  larger  surface  and  obviously  interstices  for  moisture  to 
enter  which  a  solid  wire  has  not  ?  The  insulators  used 
arc  of  the  suspension  type,  and  notwithstanding  Mr. 
Hammond's  remarks  1  think  that  is  the  correct  type  to 
adopt.  The  experience  on  the  Rand  with  the  Rand  Mines 
Power  Company's  lines  h.as  been  that  no  trouble  has  been 
caused  by  swinging,  but  I  should  rather  have  questioned 
whether  six  insulators  in  series  would  have  been  sufficient 
for  a  ioo,ooo-volt  line.  On  the  Rand  they  are  using  six  in 
series  for  only  80,000  volts,  and  on  the  little  line  which  I 
mentioned  before,  22  miles  long,  we  had  to  put  two  in 
series  for  20,000  volts  in  order  to  maintain  the  insulation, 
as  one  was  not  sufficient.  We  cannot  of  course  alwaj's 
take  things  pro  rata,  but  that  allows  one  insulator  for  about 
every  10,000  volts  ;  the  author's  factor  is  certainly  very 
much  higher  than  that.  The  paper  falls  short  at  the  end 
in  one  most  important  matter  ;  it  gives  no  figures  of  either 
capital  or  operating  costs,  and  I  am  sure  we  should  all  be 
glad  if  the  author  could  give  us  those  figures.  It  may  be 
that  the  plant  has  not  been  working  long  enough  for  any 
reliable  working  costs  to  be  obtained.  We  should,  there- 
fore, like  to  know  the  date  when  it  was  started.  Then,  last 
but  not  least,  I  .should  like  to  ask  whether  the  author 
has  had  any  troubles  with  his  hydraulic  or  electrical  plants. 
If  he  has,  what  are  they  ? 

Mr.  E.  DoELLY  :  I  should  like  to  refer  to  one  point  Mr.  Doei 
mentioned  by  the  last  speaker,  namely,  the  method  of 
driving  the  oil-pressure  turbine  governors.  The  governors 
described  in  the  paper  are  belt-driven,  the  pendulum  and 
oil  pump  each  having  its  own  separate  drive,  and  the 
former  being  driven  by  a  double  belt.  One  of  the  chief 
parts  of  the  governor  is  its  oil  pump,  either  of  the  tooth- 
wheel  or  piston  type.  My  firm  have  several  times  applied 
a  rigid  drive,  but  in  some  cases  this  rigid  drive — which 
was  originally  adopted  at  the  special  request  of  our  clients 
— had  to  be  replaced  later  by  a  belt  drive  owing  to  the 
sliocks  in  the  rigid  transmission  between  the  main  shaft  of 
the  turbine  and  the  governor  pump-shaft.  Those  shocks, 
although  small,  lead  to  trouble  in  the  continuous  running 
of  the  plant  if  the  governors  are  rigidly  driven,  but  are 
rendered  quite  harmless  if  a  belt  drive  is  adopted.  The 
governors  are  fitted  with  automatic  devices  which  shut 
down  the  turbine  immediately  in  the  event  of  either  the 
belt  driving  the  pendulum  or  the  belt  driving  the  oil  pump 
coming  off,  thus  doing  away  with  any  danger  arising  out 
of  the  application  of  belt  drives. 

Major-General  Beresfokd-Lovett  :  The  scheme  de-  Major-Ge 
scribed  in  the  paper  is  as  bold  as  it  is  important.  It  is  Lonftt" 
the  first  hydro-electric  project  that  has  been  financed  in 
India  on  a  purely  commercial  basis.  Therein  it  differs  from 
its  predecessors,  namely,  the  well-known  Mysore  project, 
which  was  followed  soon  after  its  completion  by  the 
Kashmir    undertaking.      Both    of     these    projects    were 
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of  tlie  Tasmanian  schemes  by  the  erection  of  a  wall  only 
50  or  100  yards  long.  The  first  power  scheme  carried  out 
in  Tasmania,  known  as  the  Lake  Margaret  scheme,  was 
carried  out  by  the  Mount  Lyall  copper  mine  ;  and  to  show 
the  great  value  of  that  scheme,  I  may  say  that  I  have  been 
informed  by  the  manager  of  the  mine  that  the  cost  of  the 
smelting,  so  far  as  the  power  is  concerned,  will  be  reduced 
by  :;5  per  cent,  which  is  a  most  important  consideration  in 
connection  with  the  work.  Then  we  have  what  is  known 
as  the  Great  Lake  scheme.  The  Government  of  the  State 
gave  certain  private  people  the  right  to  harness  tlie  waters 
of  this  great  lake,  which  is  situated  some  3,800  feet  above 
sea-level,  and  holds  as  much  water  as  all  the  dams  that  we 
have  heard  about  to-night.  That  was  obtained  by  con- 
structing the  small  amount  of  masonry  at  the  outlet  to 
which  1  have  referred.  It  was  secured  for  the  purpose  of 
working  a  zinc  process,  but  it  was  put  forward  as  a  light 
and  power  scheme.  Sufficient  money  was  obtained  in 
London  to  go  on  with  the  works,  but  not  to  complete 
them.  The  Government  therefore  took  over  the  works, 
and  are  now  completing  the  scheme.  They  paid  off  the 
debenture  holders  and  allowed  the  Company  sufficient 
money  to'.erect  works  for  the  purposes  of  the  first  industry 
to  be  dealt  with,  which  is  to  be  a  carbide  works,  and  suffi- 
cient money  also  to  experiment  further  in  the  zinc  separa- 
tion process.  We  are  now  looking  forward  to  the  hj'dro- 
electric  works  in  Tasmania  making  that  State  probably  the 
principal  manufacturing  State  of  the  Australian  Common- 
wealth, and  we  fully  anticipate  that  what  the  author  has 
claimed  the  Tata  hydro-electric  works  will  be  to  the  cotton 
industry  in  India,  the  hydro-electric  works  of  Tasmania 
will  be  to  the  woollen  industry  in  that  country.  The 
Government  are  fortunate  in  having  secured  the  author 
as  consulting  engineer  in  connection  with  the  Great  Lake 
scheme. 

Dr.  A.  H.  Railing  :  Apart  from  what  has  been  called 
the  boldness  of  the  power  generation  and  transmission,  the 
feature  of  the  scheme  which  has  impressed  me  most  is 
what  I  should  call  the  diversity  factor.  We  have  heard 
such  a  lot  about  diversity  factors  of  consumption  that  I 
should  like  to  point  out  that  here  is  a  case  which  to  my 
mind  seems  unique,  and  I  confess  it  has  made  me  change 
m)'  opinions  in  quite  a  number  of  directions.  We  have 
here  a  scheme  in  which  during  the  three  monsoon  months 
of  the  3'ear  sufficient  power  is  accumulated  to  supply 
88,000  horse- power  for  12  months.  The  diversity  factor 
under  these  circumstances  is  so  very  large  that  I  do  not 
know  of  a  similar  case  in  connection  with  any  other  water- 
power  scheme.  A  similar  scheme  in  England  would  be 
impracticable,  because  probably  the  capital  outlay  entailed 
in  connection  with  the  work  would  prevent  it  being  a 
commercial  success.  I  should  like  to  know  from  the 
author  what  is  the  cost  of  labour  in  India.  I  assume  that 
the  low  cost  of  Indian  labour  had  a  good  deal  to  do  with 
the  practicability  of  the  scheme.  In  that  respect  I  disagree 
with  Mr.  Callender,  because  I  think  excavation  work  might 
be  much  cheaper  in  India  than  in  this  country  in  spite  of 
the  greater  efficiency  of  English  workmen.  In  connection 
with  the  pipe  line  illustrated  on  page  699,  how  are  the 
pressure-rises  dealt  with  ?  The  pipe  line  is  so  very  large 
that  I  should  like  to  know  whether  special  precautions 
have  been  taken  in  order  to  prevent  a  collapse  of  the  pipe 
if  an}4hing  went  wrong.     Next,  it  is  said  that  the  speed 


variation  is  about  12  per  cent  when  load  is  suddenly  Dr. 
thrown  off  the  generators.  If  in  addition  to  that  there  is 
the  voltage  regulation  mentioned  in  the  paper,  I  suppose 
that  pressure-rises  of  something  like  36  to  40  per  cent  o£ 
the  normal  voltage  would  result.  Are  any  special  surge- 
protection  devices  provided  in  the  line  in  order  to  protect 
the  machinery  ?  I  know  that  tlie  author  mentions  spark- 
gaps  later  on,  but  it  is  not  quite  clear  whether  those  spark- 
gaps  are  meant  for  static  discliarges  or  sudden  rises  of 
pressure.  Then  I  should  like  to  have  some  further 
information  in  connection  with  tlic  temperature  rise  of  the 
machinery.  The  author  says  that  on  the  generators  he 
specifies  60  degrees  rise  above  air  at  iio^F.  and  20  per  cent 
overload  for  10  hours  without  injury.  I  take  it  that  that 
means  roughly  a  90  degrees  rise,  and  therefore  a  tempera- 
ture of  about  200^  F.,  which  is  of  course  permissible.  On 
page  712,  however,  the  author  says  that  for  the  synchronous 
motors  in  the  receiving  station  he  allows  60  degrees  rise 
for  the  armature  and  80  degrees  rise  for  the  field  coils. 
Allowing  80  degrees  rise  for  the  field  coils  with  a  20  per 
cent  overload  will  bring  the  temperature  up  to,  I  should  say, 
about  210°  F.  measured,  and  therefore  very  probably  to 
about  240°  F.  inside  the  field  coils.  I  should  therefore  like 
to  know  from  the  author  whether  this  20  per  cent  overload 
is  onlj'  used  in  case  of  emergenc}'.  I  should  like  also  to 
refer  to  the  use  of  a  stranded  wire  for  the  transmission  line 
instead  of  a  solid  copper  wire.  I  have  not  worked  out 
the  skin  effect,  but  it  would  be  interesting  to  know  whj'  the 
author  adopted  a  stranded  wire.  I  also  made  a  note  of  the 
point  on  page  709  to  which  Mr.  Rider  referred.  From 
the  paper  it  would  appear  that  the  figure  is  I4'2  per  cent, 
but  that  does  not  agree  with  the  efliciency  figure  mentioned. 
We  do  not  know  what  is  the  power  factor  of  the  trans- 
mission line,  but  perhaps  the  author  could  give  us  some 
idea  of  the  power  factor  under  certain  load  conditions.  Of 
course  it  depends  upon  the  load  on  the  transformers,  and 
for  that  reason  we  cannot  work  it  out  by  considering 
merely  the  transmission  line  itself. 

Mr.  G.  F.  Sills  :  I  should  like  to  ask  the  author  what  Mr 
difficulties  were  encountered  in  connection  with  obtaining 
the  necessary  right  of  way  for  the  transmission  line, 
especially  if  the  line  at  any  part  was  carried  through  a 
thickly-populated  district.  With  reference  to  the  water 
head  in  the  turbine,  it  is  hard  to  realize  what  a  head  of  over 
1,700  feet  means.  I  have  been  through  the  large  power 
houses  at  Niagara  Falls,  and  in  one  station  I  was  informed 
that  the  effective  head  was  about  143  feet,  although  the 
Falls  themselves  are  about  167  feet  high.  When  it  is 
considered  that  the  Tata  Company  use  a,  head  more 
than  10  times  as  great  as  this,  the  great  difficulties  which 
had  to  be  overcome  by  the  engineers  will  be  realized. 
Mr.  Hammond  raised  the  question  of  the  adoption 
of  a  pressure  of  100,000  volts  for  such  a  short 
line.  I  think  I  am  right  in  saying  that  a  line  of 
about  45  to  50  miles  long  has  been  in  operation  at 
100,000  volts  in  Germany  for  three  years.  The  author 
showed  a  slide  depicting  some  towers  with  their  bases  in 
the  water.  It  is  interesting  to  note  in  connection  with  the 
iio,ooo-volt  scheme  of  the  Hydro-electric  Power  Commis- 
sion of  Ontario,  Canada,  and  with  reference  to  the  trans- 
mission line  on  the  outskirts  of  Toronto,  that  the  stepping- 
down  station  in  Toronto  was  constructed,  the  transmission 
line  erected,  and  everything  was  ready  with  the  exception 
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As  lar  as  I  remcmt>er,  alter  lour  years  wcrkiii^  inere  was 
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miles  away  would,  however,  have  improved  matters  almost 
as  ciTcctively  if  the  prevailing  winds  were  considered  in 
lixinj;  tlie  site.  "Sentimental"  either  in  the  sense  that 
non-teclinieal  suliscribcrs  to  the  scheme  may  have  thought 
that  they  would  obtain  power  for  nothing,  or  that  wealtliy 
Natives  may  have  been  prepared  to  find  money  for 
utilizing  what  they  considered  one  of  the  natural  resources 
of  their  own  country  ;  whereas,  for  a  more  economical 
modern  steam  scheme,  money  would  possibly  not  have 
been  forthcoming  locally.  ■'  Kconomic''  in  the  sense  that 
it  may  have  been  necessary  or  advisable  to  provide 
employment  for  hoards  of  unsUilled  natives.  The  hydro- 
electric scheme  certainly  would  score  under  this  heading, 
if  no  other  overall  economy  is  apparent  from  the  paper.  I 
venture  to  suggest  that  it  would  have  been  better  to 
include  some  such  reasons,  or  to  justify  the  financial  and 
engineering  side  more  fully  in  presenting  this  paper  before 
the  Institution. 

Mr.  W.  H.  MOLESWORTH  (coiinniinicnlcii)  :  Any  informa- 
tion added  to  this  valuable  desciiption  of  the  Bombay 
hydro-electric  installation  will,  I  am  sure,  be  much  appre- 
ciated by  members  ;  for  instance,  working  experience,  the 
load  factors  of  individual  mills,  the  minimum  daily  and 
yearly  average  load  factors  of  the  load,  obtained  or 
expected.  The  scheme  is  designed  for  88,000  horse- 
power ;  for  four  transmission  circuits  with  conductors  of 
over  I  inch  diameter  (each  7  strands  of  0-095  square  inch). 
To  avoid  corona  losses  during  the  monsoon  such  large 
stranded  conductors  are  essential  at  100,000  volts  and 
50  cycles  per  second.  In  view  of  the  low-speed  motors 
and  generators,  and  the  predominance  of  inductive  react- 
ance, a  frequency  of  nearer  25  cycles  is  desirable.  For 
only  43  miles  of  transmission  line  and  only  21,000  kilowatts 
per  circuit  {i.e.  one-third  of  88,oco  horse-power,  assuming 
three  circuits  operating  and  one  spare)  a  voltage  of  80,000 
appears  ample.  There  are  doubtless  reasons  for  this 
high  combination  of  voltage  and  frequency  which  are 
neither  mentioned  nor  apparent,  but  the  impression  given 
is  a  very  unnecessary  expenditure  in  conductors  simply 
to  avoid  corona  losses  consequent  upon  a  mysterious 
combination  of  high  voltage  and  high  frequency. 

Mr.  A.  V.  CL.4YT0N  {communicated)  :  I  think  it  would  be 
very  interesting  and  instructive  if  the  author  could  give 
the  following  figures  of  costs  ;—  (t)  The  total  capital  out- 
lay, and  the  cost  of  the  entire  system  per  effective  horse- 
power available  for  sale  ;  (2)  the  value  of  power  in  the 
district;  (3)  taking  a  fair  rate  of  interest  on  the  capital 
outia)',  and  an  allowance  for  maintenance,  depreciation, 
etc.,  how  the  cost  of  the  hydraulic  power  compares  with 
power  that  might  be  produced  in  large  quantities  from 
other  sources  in  the  district. 

Mr.  Alfred  Dickinson  {in  reply)  :  Mr.  Hammond  asks 
why  a  pressure  of  100,000  volts  was  adopted  for  a  line 
r.nly  43  miles  in  length.  The  two  principal  reasons  which 
ii.xed  the  adoption  of  this  pressure  were  :  (i)  The  greater 
immunity  from  the  effects  of  lightning  ;  and  (2)  that  the 
line  can  at  any  future  date  be  extended  to  longer  distances 
without  difficulty. 

The  chief  reasons  for  the  use  of  lime  mortar  in  the  con- 
struction of  the  dams  were  :.  (i)  Cost  ;  and  (2)  practically 
all  the  dams  in  India  have  thus  far  been  built  with  lime 
mortar  ;  Indian  labour  is  therefore  more  accustomed  to 
it  than  to  cement  mortar. 


As  to  the  method  of  making  the  circular  joints  on  the 
pipe  line,  the  82  in.  pipe  is  practically  continuous.  The 
pipes  were  delivered  on  to  the  site  in  25  ft.  lengths,  the 
circular  joints  between  the  lengths  being  made  and  riveted 
on  site.  The  42  in.  to  38  in.  pipes  have  rolled  bump  joints 
double  riveted,  the  joints  between  pipes  being  caulked 
inside  and  outside.  The  bump  joint  is  very  much  like  a 
ball  and  socket  joint,  and  is  made  by  swelling  the  ends  of 
the  pipes.  In  this  way  the  internal  heads  of  the  rivets  do 
not  interfere  with  the  flow  of  the  water  in  the  pipe.  In 
reply  to  Mr.  Hammond's  observations  about  Felton  wheels, 
an  impulse  turbine  is  a  form  of  Pelton  wheel.  My  view  is 
that  the  fewer  the  nozzles  the  less  the  difficulties  are 
likely  to  be. 

Suspension  insulators. — The  chief  reasons  for  the  use 
of  this  type  of  insulator  were  :  (i)  Greater  flexibility  and 
therefore  less  shock  on  the  towers  in  the  case  of  a  con- 
ductor breaking,  than  is  possible  with  the  pin  insulators  : 
(2)  easier  transport  and  less  trouble  in  erection  ;  (3) 
cheaper  in  first  cost  and  in  maintenance  ;  and  (4)  greater 
factor  of  safety. 

Galvanized  versus  painted  towers. — Specially  painted,  in 
preference  to  galvanized,  towers  were  adopted  because  if 
the  full  stability  of  the  towers  is  to  be  obtained  they  must 
be  riveted  on  site  ;  to  rivet  a  galvanized  tower  destroys  the 
galvanizing  at  the  rivet  holes,  and  therefore  the  benefit 
of  galvanizing. 

I  have,  in  my  reply  to  Mr.  Hammond,  dealt  with  Mr. 
Rider's  question  as  to  the  adoption  of  a  pressure  of  100,000 
volts. 

As  to  Mr.  Rider's  point  about  the  voltage  on  the  trans- 
formers in  relation  to  the  pressure-drop  on  the  line, 
mentioned  on  page  709,  the  voltage  ratio  of  the  trans- 
formers given  is  on  open  circuit,  and  the  transformer 
pressure-drop  has  to  be  taken  into  account  according  to 
the  load  and  power  factors.  There  is  therefore  no 
discrepancy  in  the  statement. 

Each  exciter  is  more  than  equal  to  the  whole  power- 
station  requirements  when  extended.  The  separate 
exciter  lends  itself  more  readily  to  automatic  voltage 
control  on  the  generators.  The  exciters  are  reserved 
exclusively  for  generator  excitation,  and  their  circuits  are 
deliberately  kept  apart  from  the  pilot  control  and  any 
other  continuous-current  supply  ;  in  fact,  the  exciter 
voltage  is  varied  through  wide  limits,  while  the  pilot 
control  is  at  constant  voltage.  The  scheme  suggested  by 
Mr.  Rider  was  carefully  considered  and  abandoned  for 
these  and  other  reasons.  Mr.  Doelly  fully  explained  the 
point  raised  by  Mr.  Rider  as  to  the  working  of  the  turbine 
governors. 

One  cannot  secure  all  the  advantage  of  star  or  delta 
arrangement,  earthing  or  unearthed  connection,  without 
the  accompanying  disadvantages.  The  various  combina- 
tions were  very  closely  considered  and  a  general  unearthed 
system  adopted.  In  the  case  of  the  generators,  protection 
is  obtained  by  teeing  off  each  phase  a  circuit  with  triple- 
pole  oil-damping  resistances,  on  the  earth  side  of  which 
there  are  horn  gaps  between  each  phase,  and  then  horn  gaps 
in  each  phase,  the  outer  horns  being  connected  to  earth. 

The  ioo,ooo-volt  single-phase  transformer,  as  con- 
structed, and  the  successful  experience  of  the  contractors 
with  this  apparatus,  justified  the  adoption  of  the  delta-delta 
connection.     An   earth   on    one   line  does   not   inevitably 
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REPORT    OF 


THE  COUNCIL    FOR   PRESENTATION   AT 
GENERAL    MEETING   OF   27    MAY,    1915. 


THE  ANNUAL 


At  this,  the  Forty-third  Animal  General  Meeting  of 
The  Institution  of  Electrical  I"-ngineers,  the  Council  pre- 
sent to  the  members  their   Report  for  the   year  1914-15. 

Membership  of  the  Ixstitution. 
The   changes   in   the   membership   since    the  ist   May, 
1914,  are  shown  in  the  following  table  : — 

Hon.  Assoc. 

Mem.    Mem.       Mem.    Assoc.    Grad.      Stud.  TOTALS. 

Totals  at 

IST^IAY,It)I4    8      1.548    3,555    616    315     1,003         7'°4S 


Additions  during 
the  year : — 

Elected 
Reinstated 
Transferred 
to 


12  20        5      43        91  171 

I  10        I       . .  4    16 


I 

19 

46 

26 

.  .    92 

I 

•32 

76 

6 

69 

95  279 

Total 


Deductions  during 
the  year  : — 

Deceased          i  19  22  5  i  6  54 

Resigned  .  .  19  39  27  4  34  123 
Lapsed 

(Estimated)..  13  72  18  12  129  244 
Transferred 

from              .  .  I  i8  4  10  59  92 


Total 


Net  Decrease  ... 


151      54      27    228    511 


234 


Totals  at 

1ST  May,  1915  : — 

8    1,528    3,480    568    357      870         6,811 

In  addition,  60  candidates  for  Associate  Membership 
have  been  approved  by  the  Council  during  the  year  for 
admission  to  that  class  on  condition  that  they  pass  the 
Institution  examination  or  otherwise  satisfy  the  e.xami- 
nation  regulations.  Of  these,  i  is  an  Associate,  7  are 
Graduates,  11   Students,  and  41  non-members. 

Honours  Conferred. 

His  Majesty  the  King  has  conferred  the  honour  of 
Knighthood  on  the  President,  Sir  John  Snell,  and  the 
Honorary  Grand  Cross  of  the  Victorian  Order  on  Dr. 
Guglielmo  Marconi  (Member). 

Military  distinctions  arising  out  of  the  war  have  been 
awarded  to  : 


Brigadier-General  A.  M.  Stuart,  C.B.,  R.E.  (Member), 
who  was  mentioned  in  despatches,  and  has  received  the 
Ordef  of  Companion  of  the  Bath  ; 

Commander  E.  G.  Robinson,  R.N.  (Associate  Member), 
who  was  promoted  to  the  rank  of  Commander  for  distin- 
guished service  at  the  Dardanelles  ; 

Second-Lieutenant  G.  W.  Williamson,  3rd  Manchester 
Regiment  (Associate  Member),  who  was  awarded  the 
Military  Cross. 

Honorary  Member. 

The  Council  have  pleasure  in  recording  the  announce- 
ment made  at  the  Ordinary  Meeting  of  the  26th  November 
last,  that  they  had  elected  Professor  Eric  Gerard  (Mem- 
ber), Director  of  the  Institut  Electrotechnique  Montefiore, 
Liege,  to  be  an  Honorary  Member  of  the  Institution. 


Members  Deceased. 

It  is  with  deep  regret  that  the  Council  have  to  record 
the  deaths  of  three  Past  Presidents  of  the  Institution,  viz. 
Professor  W.  Grylls  Adams,  F.R.S.,  Mr.  R.  Kaye  Gray,  and 
Sir  Joseph  Wilson  Swan,  D.Sc,  F.R.S. 

Professor  Adams,  at  the  time  of  his  death  on  the 
loth  April,  1915,  was  one  of  the  senior  surviving  Past 
Presidents,  having  held  the  office  of  President  in  1884,  after 
serving  successively  as  Member  of  Council  and  as  Vice- 
President   from   the  year  1876. 

Mr.  R.  K.  Gray  served  three  periods  of  office  as  Member 
of  Council  (189^,  1898,  and  1902-1903),  and  was  twice  a 
Vice-President  (1895-1897,  and  1899-1902).  He  served  as 
President  in  1903-1904.  From  1899  to  the  time  of  his  death 
on  the  28th  April,  1914,  he  was  a  Trustee  of  the  Willans 
Premium  Fund. 

Sir  Joseph  Swan,  who  died  on  the  27th  May,  1914,  held 
the  office  of  President  in  1898.  He  served  as  a  Member  of 
Council  in  1885  and  i8g6  and  as  a  Vice-President  in  1897. 
He  was  elected  an  Honorary  Member  in  1900. 

The  Council  have  also  to  deplore  the  loss  of  well-known 
members  in  Mr.  Brackenbury  Bayly  (Chairman  of  the 
Cape  Town  Local  Section,  1902-1903)  ;  Mr.  Augustus 
Stroh  (Member  of  Council,  1880-1889  and  1894-1896, 
Honorary  Auditor,  1890-1897,  and  Honorary  Auditor  of 
the  Benevolent  Fund,  1890-1899),  whose  legacies  to  the 
Benevolent  Fund  and  to  the  Building  Fund  are  referred  to 
later  ;  Mr.  A.  B.  Anderson,  Member  of  Council,  who  was 
drowned  in  the  Empress  of  Ireland  ;  Mr.  W.  Grigor  Taylor 
(Local  Honorary  Secretary  for  tlie  Straits  Settlements, 
1902-1904) ;  Colonel  W.  P.  Brett,  R.E.  (Associate  Member 
of  Council,  1896  and  1897),  and  Dr.  Henry  Lewis  Jones, 
the  well-known  authority  on  electrotherapeutics. 

Seven  members  have  been  reported  to  have  lost  their 
lives  in  the  service  of  their  country,  and  their  names, 
together  with  their  military  ranks  and  the  names  of  their 
j    Corps,  are  set  out  in  the  following  list : — 
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Sir  Jo>eph  \Vil>on  Swan.  D  Sc..  F.R.S. 
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IVolcitior     W'llli.iin    GryiU 

Adsm*   K  K"  s. 
Jo'  ighc. 

Bi...  ..:y. 

RolK-rt  Kjiye  tiiay. 
Ch«rlc»  Junm  Hall. 
KdwardJ.  Hall. 
Tom  Hawkiii!>. 
KulMrrt  Hope- Jones. 
C'l!  -en. 

Sah  ■^•tt  Newington. 

Aisoctate 
Alan  Neville  B.inislcr. 
Frederick  von  blancten!>cc. 
Colonel      Waller     Pcrcival 

Hretl.  K  K. 
.\rtliur  IX'uglas  Broadbent. 
Herbert  X.  Calvert. 
Arthur  Houlc  French. 
Alexander  Mc.Va  F'yfe. 
William  Grant. 
Hugh  Vaughan  Hart-Davis. 
Thomas  Bradley  Holliday. 
Herbert  Rol>crt  Hudson. 
Henry  Labour. 

Poul  A.  von 


Chaiii-  \\  hcli^>a  .\il1iu1I. 
Stuart  KiL'hard^on. 
Rol>ert  end  Kilcliie. 
Gcoi^c  I'alrick  Kot>eft>on. 
Frolc»>«r  Hcciiy  Kubin^ii. 
Captain  Guy  Lutley  Sclaler 

R..\. 
Alired  Richmond  Sillar. 
Frederick  Smith. 
Augustus  Stroll. 
William  Grigor  Taylor. 

SUmben. 
Henry       Herbert      Stanley 

Mar^b. 
Hugh  Charles  May. 
John  Leeson  MofTct. 
Commander     Arthur    Rice, 

R.N. 
Henry   Turner    van    Strau- 

benzce. 
Rigncy  Frederic  Trotlci . 
Thomas  Symonds  Tuffield. 
Leonhard      L'do      la     Hue 

Vignolcs. 
James  Alexander  Walker. 
Wildcnralh. 


Asiocialti. 

Albeit  lUucc  Anderson.  Kdward  Croflon. 

R.  HcywiA>d  Claxton.  Henry  Lewis  Jones,  Ml). 

James  Booelle  Willis. 

Graduate. 
William  Reginald  Radford. 
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Krncsl  Midglcy. 
William  Walter  I'ullen. 
Eric  Western  Wilson. 
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The  IxsTiTi'Tio.v  Phemil'm,  value  £i$. 
to  Mr.  C.  J.  lieaver,  for  his  paper.  "  Cables." 

Thk  Ayrtun  PREMit:M,  value  ^10, 
to  Mr.  J.  H.  K  "The  Power  ^uj'imv  01 


the  Central  .M 


>  .roup. 


The  F\Htic  Prkmii'm,  value  /,'io, 
to  Mr.  H.  G.  Blown,  for  bis  paper,  "  The  Signalling  of  a 
Rapid-Transtt  Railway." 

Thk  John  Hupkinso.v  Pbcmium,  value  ;(io, 
to  Mr.  K.  B.  •  ■  ...  -  p^o. 

tective  Switi 

TMt  KtLVix  Pkkmilm,  \-alue  j^io, 
to  Dr.  S.   P.  Smith  aud  Mr.  R.  S.  H.  BouMing,  for  their 
paper,   "The   Shape  of  the   Pressure   Wave   in    Eleclncal 
M.ichiiiery. ' 

Tiie  Paris  Pklmiiu,  value  i^'io, 
to  Mr.  C.  P.  Sparks,  for  his  jv»per,  "  Eleitncily  Applied  to 
Mining." 
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Ax  KXTKA  PuEMlUM,  valuc  ;flO, 
to  Mr.  W.  M.  Selvcy,  for  his  p;ipc-r,  "  Power  Plant  Testing." 

An   lOxriiA  ]'Rl■;MIU^t,  value  £5, 

to  Mr.  N.  SliuUlcworlh,  for  his  paper,  "  Polypliase  Com- 
mutator  Machines  and  their  AppHcation." 

Sri-DENTS'    PUEMIL'IIS. 

A  Studicxts'  I'REMlU^r,  value  Xio, 
to  Mr.  H.  Hobson,  for  his  paper,  "The  Utih/.ation  of  Waste 
Heat  for  the  Generation  of  Electrical  Energy." 

A  Studkxts'  PKimiiiM,  value  £"5, 

to  Mr.  A.  Arnold,  for  his  paper,  "  Modern  Power  House 
Condensing  Plant." 

A  Studexts'  Premium,  vahie  ^^5, 

to  Mr.  H.  S.  Marquand,  for  his  paper,  "Some  Notes  on 
Modern  Methods  of  Electric  Welding  and  Tlieir  Applica- 
tion." 

Scholarships. 

The  Council  liave  awarded  two  Salomons  Scholarships 
of  the  value  of  X50  each,  one  to  Mr.  Leonard  M.  Barlow, 
of  the  City  and  Guilds  of  London  Technical  College,  Fins- 
bur\-,  and  one  to  Mr.  Claude  Douglas  Fanner,  of  the  City 
and  Guilds  of  London  (Engineering)  College  ;  and  one 
David  Hughes  Scholarship  of  the  value  of  £so  to  Mr. 
Percy  Davis  Morgan,  of  King's  College,  London. 

Students'  Sections. 

Eight  meetings  of  the  Students'  Section  have  been  held, 
at  which  papers  were  read  and  discussed.  At  the  opening 
meeting  an  address  to  the  Students  was  delivered  by  Mr. 
C.  H.  Merz,  Vice-President,  on  "  Power  Supply  and  Recent 
Developments  in  connection  therewith." 

The  Manchester  and  Newcastle  Students'  Sections  have 
held  9  and  4  meetings  respectivelv. 

No  meetings  have  been  held  by  the  Scottish  Students' 
Section. 

Meetings  of  Other  Societies. 
During  the  year,  22  Societies  have  held  meetings  at  the 
Institution,  as  follows  : — 

Xo,  of  meetings 

The  Associated  Municipal  Electrical  En- 
gineers of  Greater  London... 

The  Electrical  Trades'  Benevolent  Institution 

The  Incorporated  Municipal  Electrical  Asso- 
ciation     

The  Institution  of  Post  Office  Electrical  En- 
gineers  ... 

The  Institution  of  Railway  Signal   Engineers 

Junior  Institution  of  Engineers 

Post  Office  Telephone  and  Telegraph  Society 

The  Rontgen  Society 

The  Society  of  Engineers         

The  University  of  London  Board  of  Studies 
in  Electrical  Engineering     ... 

The  Wireless  Society  of  London 

Eleven  other  Societies  ...         


14 
6 


25 


4 

7 

20 


"SciEXCE  Abstracts." 

The  volumes  for  1914  contain  about  the  same  amount  of 
matter  as  in  1913,  the  matter  for  the  "Physics"  Section 
showing  a  sliglit  increase,  which  is  balanced  by  a  small 
decrease  in  the  "  Electrical  Engineering"  Section. 

The  Council  have  recently  (yoiinial,  vol.  53,  p.  348) 
directed  the  attention  of  members  to  the  utility  of  the 
publication  as  a  record  of  scientific  progress  and  as  a 
work  of  reference,  and  have  urged  upon  the  members  the 
desirability  of  their  becoming  regular  subscribers. 

Wiring  Rules. 

A  revision  of  the  Wiring  Rules  is  in  progress,  in  connec- 
tion with  which  18  meetings  of  the  Wiring  Rules  Com- 
mittee have  up  to  the  present  been  held. 

Model  General  Conditions  for  Contracts. 

Of  the  revised  Model  Conditions  approved  by  the 
Council  and  published  on  the  ist  May,  1914,  over  2500 
copies  have  already  been  disposed  of.  There  is  evidence 
that  these  Conditions  are  being  largely  adopted  by 
consulting  engineers  and  others. 

Research. 

The  Research  Committee  have  made  further  progress 
with  the  work  in  hand  in  connection  with  (a)  Magnet  Steels, 
(b)  the  Heating  of  Buried  Cables,  and  the  (c)  Properties  of 
Insulating  Oils.  An  investigation  into  the  Maximum 
Current  Densities  which  can  safely  be  allowed  on  conduc- 
tors of  various  cross-sectional  areas  is  also  under  the  con- 
sideration of  the  Committee.  During  the  past  year  two 
Interim  Reports  {Journal,  vol.  52,  p.  779,  and  vol.  53, 
p.  328)  on  the  Heating  of  Buried  Cables,  and  one  Interim 
Report  {Journal,  vol.  53,  p.  146)  on  the  Properties  of 
Insulating  Oils  have  been  published. 

Sectional  Committees. 

There  are  at  present  live  Sectional  Committees  which 
were  appointed  by  the  Council  last  year,  namely  : — 

(i)  Lighting  and  Power. 

(2)  Electric   Traction   (including    Railways,  Tramways, 

and  other  Means  of  Transport). 

(3)  Telegraphs  and  Telephones  (including  Radio-Tele- 

graphy and  Railway  Signalling). 

(4)  Electro-Chemistry  and  Electro-Metallurgy. 

(5)  Electricity  in  Mines. 

These  Committees  have  held  a  number  of  meetings  and 
have  been  engaged  in  obtaining  papers  on  subjects  con- 
nected with  the  liranches  of  electrical  engineering  which 
they  represent. 

National  Service. 

A  few  days  after  the  outbreak  of  the  war  a  special 
meeting  of  the  Council  was  held' at  which  it  was  agreed 
as  follows  : — 

{a)  That    the     Institution    take     action    to    assist    the 

authorities. 
{b)  To  offer  to  the  War  Office  free  of  charge  and  for 

immediate  occupation,  the  available  space  in  the 

Institution  building. 


1 
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<  I    iiir    I II- 1 1:  m  1    ti 


\  in    I  In     \^ 

(J)  T.  .(».    Ill    .1- 

:iiit:  III  the  I'ublic  Ncrvicrt,  Klcclrlc  l'ow> 

, ii»,  Traiiiwjy»,  cic. 

(<)  To  appotnl  a   Naiiuiul  Service  Co<niiiiite«  to  deal 

with  llie  aKiM  ■ 

kucli  luitliri    >:. 

ulilur  till 

tloll     Ullll     . 

ante  tiicrrirom. 

I'nder  the  aulhunly  civni  by  Ihc  Council  Ihe  National 
Service  CommiHcc  iiii!--- '  ■  ■'■  i'kkurKi  a  circular  letter. 
Mk'ilh  reply  turiii,  liivilii..  i  to  place  Ihcir  K-rvico 

at   I  ;li  the 

Ari!  ^f  to 


which  were  included  some  500  utters  lor  service  in  the 
Anny  or  the  Navy. 

The  oflers  of  !ier\-icc  received  were  placed  by  the 
Council  at  the  diN|H>sj|  of  the  (ollowin);  Government 
Dcpartincuts  : — The  Admiralty,  the  \V.ir  Otlicc,  the  I'oM 
•  il  Othce,  the  Home  Ofticc,  the  Sirottiih 

'  I  Works,  the  Local  Govfrrifiient  Hoaril. 

ttic  liuaid  ul  i'lAde,  the  Central  Labour  ' 
Koyal  Klying  Corps,  and  the  Crown  A^ 
Colonies. 

The  Coinuiittce  al!>o  sent  a  circular  to  the  Chief 
Kngineers  of  the  Electricity  Supply  Undertakings  in  the 
Cnited  Kingdom  informing  them  of  : — 

(a)  the  offers  of  service  received  by  the  Council  and 
pl:<ci(ig  them  at  the  dispoNal  of  the  va^us 
I  -s:  ^ 

{b)  the  ;  IIS  taken  in  London  for  the  protection 

o(  the  Klectric  I'owcr  Stations  and  for  the  security 
of  the  pulilic  supply  of  clectricitv. 

A  number  of  vacancies  in  jviwcr  stations  were  filled  by 
this  means,  but  it  soon  became  evident  that  there  were 
practically  no  supply  station  men  unemployed. 

Koyal  S'avol  Divtuon. 

Early  in  September  Mr.  A.  P.  Trotter  brought  before  the 
Council  a  scheme  for  the  formation  of  one  or  more  infantry 
battalions  consisting  cxciuMvely  of  members  of  professional 
bodies,  but  before  the  projH>sal  had  been  discu>sed  in 
detail  intimslion  «-as  received  from  the  Admiralty  that 
~  would  be  required  for  the  Kngincir 
N'aval  l>iviMon,  the  formation  of  which 
had  reccnily  i>een  sanctioned  by  the  Admiralty,  aiid  it  was 
thereupon  agreed  that  in  conjunction  with  the  lnstilutioii> 
of  Cinl  and  Mediauical  Eogiiicers  circulars  should  be  sent 
immediately  to  all  the  meinl>ers  inviting  ..  :!•>  to 

join  the  new  Units  and  that  a  special  Keci  i.  l-  for 

this  puriHisc  should  be  oj^ned  m  the  In»tiluliu;i'i  vacant 
rooms  at  No.  i  Savoy  Hill. 

Vol.  53. 


Mr.  A. 


cral  K    S! 
...i.  K.  Ham 
I'.   Trotter. 

>f    the    I 

Hv  Ihr 


Mr. 


M 

the 

t^rre 

w 

J.  li 
the 

■tl  tlir  Inslilutiuii  by  IW" 
.\dmirally,  and  the  rcciu.: 
dally  at  the  Institution  li\  i!.i  II 
and   Mr.  Edward  Si>iiici>  Cuck>. 
the   hrin   of    Cocks,    Ituldulph 
liankers. 


I»  CiJf.cd   out 

ttic 


v..   J..ni)  SI 
JuMlcei  ul    I 
et    Co.,    the 


.c    I  I  ^Kt:    '/! 

taUitutK>ii'k 


imillui.L'U     h  ~  ^ril  i. 

Since  the  outbreak  of  the  war  the  i'~  ::  -  ..(  the  Institu- 
tion on  the  tirsi  lloor  have  been  ly  in  the  oc- 
cupation of   Departments  of    the  X't ...       ...^c    and  of   Ihc 

Admiralty,  free  at  rent. 


Commiiiioiii  M  Ike  Royal  Garrnon  ArlilUry  unJ 
koyal  Engtiterf. 

rid   of    October  the   I'rcMdcnt  received  a  cotu- 

1  ironi  Major -<ieneral  Kuck,  L  U..  K.K  ,  on  behalf 

of  the  \\  ar  Utlice,  asking  bim  to  uomiiiate  young  electrical 

engineers    for    temporary    commissions     in     the     Ko)-al 

Garrison  Artillery. 

The    l're>idcnt    i^^ued    a     circular     to    the     V. 
(M.I.E.K.Iof   the   lll^Iltutlun  inviting  iheni  to  rev 
Mutable  candidate>.     .\   1  . 
interviewed  by  llif  l*rt-~;  ■. 
and  eventually  .1  number  were  tor 

and  obtained  ci'i:  111  the  Ko)-al  ' j^ cry. 

The  President  has  also  itomifuUed  some  of  the  member* 
.  for  special  tcmporarv  commissions  in  the  Ro)'al  Engineers. 
I 

.*/-  1  Saval  or  Military  Strmt. 

From  re;;  ,  ,  aed  by  members  it  appears  that  there 

I   are  at  present  some  938  members  serving  in  the  Nav>'  or 
'   the  Army,  viz. 

I  I);  Members 

.;  ;c  Members 

lies 
04  Graduates 
31  i  Students 
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E.oiGINEEItS'  VOLl'NTeeK  CORPSu 

The  Council  received  during  February  a  letter  from 
General  Sir  O'Moore  Creagh.  V.C  .  Military  .\dvi!)cr  to  the 
Ceiilial  .\^sociatioii  of  Voluiilccr  I'raiiuiit'  Coi|'>  luvitiog 
th  rr» 
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The  Council  accordingly  issued  in  March  a  circular  to 
the  members  residing  in  the  London  district,  and  replies 
have  been  received  from  some  150  expressing  their  willing- 
ness to  join  such  a  Corps  if  formed.  These  offers  have 
been  communicated  to  the  Central  Association  and  the 
matter  is  still  under  consideration. 

Gerjiax  TR.\D1!. 

Soon  after  the  outbreak  of  the  war  a  Committee  was 
appointed  by  the  Council  to  keep  in  touch  witli  the  British 
Electrical  and  Allied  Manufacturers'  Association  in  regard 
to  the  question  of  securing  for  British  manufacturers  the 
trade  hitherto  done  by  Germany  and  Austria- Hungary.  A 
number  of  meetings  of  this  Committee  were  held,  at  which 
representatives  of  the  Manufacturers'  Association  were 
present,  and  the  position  vv'as  very  fully  discussed. 

Evcntuallv  after  several  suggestions  had  been  considered 
the  Committee  came  to  the  conclusion,  with  the  con- 
currence of  the  Manufacturers'  representatives,  that  the 
continuance  and  expansion  of  British  trade  after  the  war 
will  mainly  depend  on  economic  principles  and  on  the 
commercial  industry  and  initiative  of  British  manufac- 
turers, and  that  no  useful  action  on  the  part  of  the  Insti- 
tution appeared  to  be  possible. 

At  first  the  Committee  were  in  favour  of  holding  a 
meeting  for  the  purpose  of  discussing  a  paper  on  certain 
aspects  of  the  competition  of  foreign  countries,  but  after 
consideration  the  Manufacturers'  Association  were  of 
opinion  that  the  result  likely  to  be  obtained  would  not 
justify  such  a  meeting  being  held,  and  at  their  request 
the  idea  was  abandoned. 

The  Committee  referred  to  above  still  remains  in  being 
for  the  purpose  of  advising  the  Council  in  regard  to  any 
questions  which  may  arise  in  the  future. 

Periods  for  Repayment  of  Municipal  Loans. 

Several  meetings  have  been  held  of  the  Committee 
appointed  by  the  Council  last  year  to  consider  the  ques- 
tion of  the  periods  of  repayment  allowed  by  the  Local 
Government  Board  for  loans  to  municipal  authorities  for 
the  purchase  of  electrical  plant.  Although  the  terms  of 
reference  were  intended  to  embrace  all  kinds  of  such 
plant,  the  replies  received  from  certain  Associations 
representative  of  different  sections  of  the  electrical 
industry,  who  had  been  asked  for  their  views,  made  it 
evident  that  on  the  whole  the  only  alterations  desired 
were  in  regard  to  cables  and  batteries. 

Enquiries  were  directed  by  the  Committee  to  some  40 
municipal  supply  undertakings  for  data  as  to  the  lives  of 
cables  laid  down  in  various  ways,  the  causes  of  their 
deterioration,  and  the  residual  value  of  old  cables 
compared  with  the  original  cost.  Opinions  were  also 
soughi  as  to  the  desirability  not  only  of  extending  the 
periods  of  repayment,  but  also  of  differentiating  them 
according  to  the  method  of  laying. 

From  the  replies  received  there  appeared  to  be  a 
consensus  of  opinion  that  cables  possessed  longer  lives 
than  those  which  were  assumed  in  fixing  the  present  loan 
periods,  and  the  Committee  concluded  that  good  grounds 
existed  for  approaching  the  Local  Government  Board  to 
sanction  a  period  of  30  years  in  the  case  of  underground 
cables,  provided  they  are  substantially  constructed  and 
laid  with  due  regard  to  the  nature  of  the  soil. 


It  seemed  desirable  also  to  treat  substantially  con- 
structed conduits  separately  from  cables,  and  to  urge  the 
adoption  of  a  period  of  60  years  for  such  conduits. 

In  view  of  the  great  improvements  in  batteries  which 
have  taken  place  in  recent  years,  the  Committee  recom- 
mended that  the  repayment  period  for  these  should  be 
extended  to  15  years,  in  cases  where  the  sanctioning 
authority  was  satisfied  that  adequate  provision  had  been 
made  for  the  proper  maintenance  of  the  batteries. 

In  regard  to  reinforced  concrete  the  Committee  recom- 
mended an  extension  of  the  period  to  30  years,  so  as  to 
conform  with  that  allowed  by  the  London  County  Council. 

The  Council  will  in  due  course  make  representations  to 
the  Local  Government  Board  on  the  lines  indicated  above. 

Smoke  Abatement. 

Towards  the  end  of  last  session  the  Council  received  a 
letter  from  the  Local  Government  Board  Departmental 
Committee  on  Smoke  Abatement  inviting  the  Institution 
to  give  evidence.  The  Council  accordingly'  appointed  a 
Committee  for  the  purpose  of  preparing  and  submitting  to 
the  Council  the  draft  of  the  evidence  to  be  given  before 
the  Departmental  Committee,  but  the  Council  having 
since  been  informed  by  the  Departmental  Committee  that 
in  view  of  the  war  the  Committee  had  adjourned  its 
meetings  sine  die,  the  matter  is  for  the  present  held  over. 

Legacies  to  the  Institution. 

The  Council  have  to  record  the  receipt  of  a  sum 
of  £500  in  payment  of  legacies  of  £250  each  to  the 
Building  and  Benevolent  Funds  of  the  Institution  made  by 
the  late  Mr.  Augustus  Stroh,  to  whose  executors  the  cordial 
thanks  of  the  members  have  been  conveyed  for  this  mark, 
of  attention  to  the  interests  of  the  Institution. 

Benevolent  Fund. 

The  Committee  of  Management  of  the  Benevolent  Fund 
of  the  Institution  report  that  on  the  31st  December,  1914, 
the  Capital  Account  of  the  Fund  stood  at  £4,642  3s.  The 
donations  and  subscriptions  to  the  Fund  in  1914  amounted 
to  £179  19s. 

At  the  end  of  March,  1915,  in  view  of  the  cases  then 
before  the  Committee  and  of  other  cases  likely  to  occur  in 
the  near  future,  the  President  was  authorized  by  the 
Council  to  make  an  appeal  to  the  members  of  all  classes 
of  the  Institution  (except  Students)  for  subscriptions  and 
donations  to  the  Fund.  The  result  of  this  appeal  was  as 
follows  : — 

£     s.     d. 

35  Annual  Subscriptions  41     i     6 

38  Donations      276     9    6 

The  Council  desire  to  acknowledge  their  indebtedness 
to  the  generosity  of  the  donors  and  subscribers  who  have 
supported  the  Fund,  but  in  view  of  the  inadequacy  of  this 
result,  the  Council  venture  once  more  to  urge  upon  the 
members  the  pressing  need  for  a  more  generous  response 
to  the  President's  appeal,  and  desire  to  add  that,  apart 
from  donations,  the  Committee  of  Management  will  be 
grateful  for  annual  subscriptions  even  of  quite  small 
amounts. 
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li>      i:.L'      vlolK      ol       the      itClK'liLl      I'uiiii       I  luiij'.ti  L  )  \\u. 

i.«>jli  lik.  3d.  in  lyijt. 

t       •  .1. 

In  the  Accx>unU  (or  igi  j  tlickc  klood  *l     i^.t^*     '*  >  * 

Amouiil  ol  iciviyiiKul  dunit)>  (he  year         709  15  11 


Tbry  now  Oand  al 


—  i>".l4-.U    •«     " 


n  Ibc  IttXilulloa 


^e  i.4 


i  I  ^11 

elc. 


♦)«>So 


MJ5 


Ronalds  Librarv  ... 


IJf* C«mf«ulioms  Fuu.l  Tlir  toi»l  o(  the  Fund  on  the 

isl  JiUiiury,  it)i4,  \«  - '  19k.    Out  ot  thu  the  sum 

1-'    '    -    '•■-    ' •      •'-   General   Fund,   in 

.1  :iou,  on  account  ol 

1  '  >iin)<  the  yrar. 

1,  ,s. 

15.33J  '2^    i<xl.  t^  iiivvkied  in  Stock 


>■■«<<. — This  has  been  augmented  during  the 


Subscriptions,  etc. 

II     out     ol     Institution 


Ke%-cnue 


41    18    o 
667  17  II 


which  amount  wa<  utilised  in  reduction  of  tl>c  Economic 
Life  .\&sui  -;jg<^. 

Aiseti.— i    •  I    Street    property   and    the 

Investments  at  cost,  and  the  Institution  Building  and 
Lease,  the  Library  and  Furniture,  etc.,  at  the  values 
standing  in  the  books  after  writing  off  depreciation — 


i  I  d. 

114.9J9  3  5 

43.35«)  6  I 

i;7i,56Q  17  4 


the  Assets  amount  to 

against  Liabilities       

leaving  a  margin  to  the  good  of     ... 

which  is  made  up  as  follows  :— 

i       ..     d. 

Building  Fund       43.105  10  10 

Life  Com(>ositions  Fund...     5.409  19    o 
Kelvin  Lecture  Fund       ...       862  10  10 
Foreign  Visit  Fund  ...  92  14     J 

Subscriptions   received    in 

advance    ...         ...         ...        139     5     8 

General  Fund        31.859  16  10 

This  margin  set  against  the  margin  to  the 

good  in  1913  of        69,513     3    9 


"hows  an  improvement  foe  1914  of 


£i,04b  13    7 


LiBMXY. 

Fifty-two  new  books  have  Wrf i:  purchased  sinc«  April 
11)14,  ■"■^1  i>4  books  and  pa  '  ceu  presented 

bv   K;e.iibi.-rs,  non-membcrs,  ..       , 


'  number  of  readers  during  the  p^tl  twelve 
m  ".585. 

The  trustees  of  the   KoiuKU  Library  -Ltl 

meeting,  a*  provided  for  in  the  Tf''-'    1  ..ly 

last,  and  after  inspecting  the   buot.  cir 

opinion  the  terms  of  the  I';  '  '■  i-ccn  >.jiiic<i  out 
b\'  the  Iniititutiun  in  a  s:iti-: 

!  uo  the 

2i,;       .  tr,  who 

was  one  of  the  •>  ot  the  Koiiaids  Library, 
and  had  held  th.n                       ;  >75. 

During  the  year,  603  issues  of  books  from  the  Lending 
Librarv  have  been  made. 


Ml'sel'W. 


A  numlici   ul   .. 
have  l>eeu  tnadc  : 


A  Jablochkuti  caudle C.  Vernier 

A  copy   uf  the  phoiugraphic  record 

of  the  magnetic   ^torm  recorded  at 

Greenwich,  1892        

A   delineation   of    lines    of  force   by 

iiieaii>  of  iron  tilings,  prepared  by 

Micli.icl  K.ir.iiLiy       

Early  i  ;ips,  lamp-holders, 

and  :  ..>         

An  early  switch,  a  cutKiut,  and  mica 

(oil  fuses         K.  Hedge* 


W.  Ellis 


A.  Evelyn  Barnard 


.V  H.  Allen 


APPESDIX   TO  REPORT. 

TR.WSACTIOXS.   PkOCEEDINGS.   ETC..   RECEIVED 
BY   THt   I.VSTITITION. 


h 
«.  . 

c 
1^ 
ii 

1: 
I 
1 


BRITISH. 


.liicili*,  li,ttiaa>viiuut. 


Kerens. 


'«»■ 


AssocialHin,  Cmt^rouiss. 
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BRITISH— aiii/iiiiifrf. 

Institute  of  Marine  Engineers.  Transactions. 

Institute  of  Metals,  Journal. 

Institution  of  Civil  Engineers,  Proceedings. 

Institution  of  lingincers  and  Shipbuilders  in  Scotland,  Trans- 
actions. 

Institution  of  Mechanical  Engineers,  Journal. 

Institution  of  Mining  and  Metallurgy,  Transactions  and  Bulletin. 

Institution  of  Naval  Architects,  Transactions. 

Institution  of  Post  Office  Electrical  Engineers,  Papers. 

Institution  of  Railway  Signal  lingineers,  Proceedings. 

Iron  .ind  Steel  Institute,  Journal  and  Carnegie  Memoirs. 

Junioi  Institution  of  Engineers,  Journal. 

Liverpool  Corporation  Tramways,  Annual  Report. 

Liverpool  Engineering  Society,  Proceedings. 

Manchester  Literary  and  Philosophical  Society,  Memoirs  and 
Proceedings. 

Municipal  School  of  Technologj',  Manchester,  Journal. 

National  Physical  Laboratory,  Reports  and  Collected  Re- 
searches. 

Nortli  East  Coast  Institution  of  Engineers  and  Shipbuilders, 
Transactions. 

North  of  England  Institute  of  Mining  and  Mechanical 
Engineers,   Transactions. 

Physical  Society,  Proceedings. 

Rontgen  Society,  Journal. 

Royal  Dublin  Society,  Scientific  and  Economic  Proceedings. 

Royal  Institution,  Proceedings. 

Royal  Meteorological  Society,  Quarterly  Journal. 

Royal  Society,  Philosophical  Transactions  and  Proceedings. 

Royal  Society  of  Arts,  Journal. 

Royal  Society  of  Edinburgh,  Transactions  and  Proceedings. 

Royal  United  Service  Institution,  Journal. 

Rugby  Engineering  Society,  Proceedings. 

Society  of  Chemical  Industry,  Journal. 

Society  of  Engineers,  Transactions. 

South  Wales  Institute  of  Engineers,  Proceedings. 

Surveyors'  Institution.  Transactions  and  Professional  Notes. 

Tramways  and  Light  Railways'  Association,  Journal. 

COLONIAL. 

Australian  Official  Journal  of  Patents. 

Canada,  Department  of  Mines,  Mines  Branch,  Reports. 

Canadian  Society  of  Civil  Engineers,  Transactions. 

Engineering  Association  of  New  South  Wales,  Proceedings. 

Engineering  Society  of  Toronto,  Transactions. 

Indian  Telegraph  Department,  Administration  Reports. 

Royal  Society  of  Victoria,  Proceedings. 

South  African  Institute  of  Electrical  Engineers,  Transactions. 

South  Australia,  Meteorological  Observation  Reports. 

Western  Australian  Institution  of  Engineers,  Proceedings. 


AMERICAN    (UNITED    STATES). 

.\merican  Academy  of  Arts  and  Sciences,  Proceedings. 

American  Electrochemical  Society,  Transactions. 

American   Institute  of  Electrical  Engineers,  Transactions  and 

Proceedings. 
American  Institute  of  Mining  Engineers,  Transactions. 
\merican  Philosophical  Society,  Proceedings. 
American  Society  of  Civil  Engineers,  Proceedings. 
American  Society  of  Mechanical  Engineers,  Journal. 
Bureau  of  Standards,  Washington,  Bulletin, 
iingineers'  Club  of  Philadelphia,  Proceedings. 
Franklin  Institute,  Journal. 

Illuminating  Engineering  Society,  N.Y.,  Transactions, 
institute  of  Radio  Engineers,  Proceedings. 


National  Electric  Light  Association,  Transactions. 

Smithsonian  Institution,  Reports. 

U.S.  Official  Patent  Gazette. 

U.S.  Ordnance  Report. 

Western  Society  of  Engineers,  Journal. 

ARGENTINE. 

Asociacion  Argentina  de  Electro  Teenicos,  Boletin. 
Centro  Estudiantes  de  Ingcnieria,  Revista. 

AUSTRIAN. 

Kaiserliche    Akademie    der     Wissenschaften,    Wien,    Sitzugs- 
berichte. 

BELGIAN. 

Association    des    Ingenieurs    Electriciens    sorlis    de    I'lnstitut 

Electrotechnique  Montefiore,  Bulletin. 
Societii  Beige  d'Electriciens,  Bulletin. 

DUTCH. 

Koninklijk  Institut  van  Ingenieurs,  Tijdschrift. 
Koninklijke  Akademie  van  Wetenschappen,  Amsterdam,  Pro- 
ceedings. 

FRENCH. 

Academie  des  Sciences,  Comptes  Rendus  Hebdomadaires  des 

Seances. 
Bureau  des  Longitudes,  Annuaire. 
Societe   des  Anciens   Eleves   des   Ecoles   Nationales  d'Arts  et 

Metiers,  Bulletin  Technologique. 
Societe  des  Ingenieurs  Civils,  Memoires. 
Societe  Fran9aise  de  Physique,  Proces-verbaux,  etc. 
Societe  Internationale  des  Electriciens,  Bulletin. 
Societe  Scientifique  Industrielle  de  Marseille,  Bulletin. 

GERMAN. 

Schiffbautechnische  Gesellschaft,  Jahrbuch. 

Verein  Deutscher  Ingenieure,  Zeitschrift. 

Verein  zur  Befbrderung  des  Gewerbfleisses,  Verhandlungen. 

ITALIAN. 

Associazione  Elettrotecnica  Italiana,  Elettrotecnica. 
Reale  Accademia  dei  Lincei,  Atti  e  Memorie. 

JAPANESE. 

College  of  Engineering,  Kyoto,  Memoirs. 
College  of  Science,  Kyoto,  Memoirs. 

SWEDISH. 

K.  Svenska  Vetenskaps-Akademien,  Arkiv  for  Matematik,  etc. 

SWISS. 

Schweiz.  Elektrotechnischer  Verein.  Bulletin. 


LIST   OF   PERIODICALS   RECEIVED   BY   THE 
INSTITUTION. 


BRITISH. 


A.  E.  G.  Journal. 
Beama  Journal. 
Cassier's    Engineering   Maga- 
zine. 
Central. 


Colliery  Guardian. 

Electric  Railway  and  Tramway 

Journal. 
Electric  Vehicle. 
Electrical  Engineering. 


KKI'ORT   OK   Tin 

1.   H)K    19N-16. 

HITISH     ■■■■■■-..■' 

1  ii*»  l.iclilini; 

Ml.                               .■. 

OANIftH 

DUTCH 

Dt  lilt,' 
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..■.„^j,.j.  Wrrlttv       I   AiimIm  dc»  INatok.  Tcl^fni-      i 


Ulcl 


lew.  lul. 

Juuriul,       Tij 
I'jlnilt.  VuUjii. 

Ikii     jiid     CiMl     TTftr.     kc        \ViiiU>>  U'.ilJ. 

view. 


N^tiuit-Us. 


.s.«W. 


|„  ,..c. 

Juuiiul  lie  riiyx>i>'C' 


|V«tc 


I 

I 


GERMAN 


.41JC    dr> 


COLONIAL. 

tian  and  Mm- 


.  (Toronlii). 


CjuuHlun  Mavtiiiicry. 


AMERICAN    iUNITEO    STATES). 

^ ^^iciicc.        Iiidij  Rubber  Wufld. 


I  ' 


;l. 


Juumal 

KlccliKal  \V..i!d 

h  ■• 

1 

lic!ic:al  hltvlM*.   Ki;\ie\^ 


Euro-      Jouiiijl  of  ilic  Tclcijraph. 

McUllui(:ical     and    Chemical 

^ :'«■ 

Ph>  A. 

Sciciii  III.  .\  luiicaii. 

Tclcijr  jph  and  Telephone  Age. 

Tclcphiiiiy. 

TerTc>trul     Magnetism      and 

Atmosphcrie   Electricity. 


A 

1> 


I. 

EU. 


:>Utle<. 
KradticUicbi;  uiid 


lUk 


..>chc  ZeiltchrifL        Zeilv  cu- 

:9cher  Anteigcr.  kuiuU. 

Zeitx.hriM  lur  Schwachctfom- 
drahtloten  Tele-  tcchnik. 


ITALIAN 


Giomalc  del  Genio  Civile. 


ItJilUne. 


SWEDISH 


Svensk  Export. 


AUSTRIAN 

KlckUoici.nink  und  Mascliiiieiibau. 


SWISS. 
Journal  Tclegraphique. 
Schwcucriachc  £lcklrutechni»cbc  Zcitschiiil. 


Jrlle   Kniirtic 
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DISCUSSION    ON 


'THE   POWER   SUPPLY   OF   THE   CENTRAL    MINING-RAND    MINES   GROUP."* 
Manchester  Local  Section,  13  Apkil,  1915. 


Mr. 
McKenzie. 


Mr.  S.  J-  W.VTSOX  :  I  should  like  to  ask  the  author 
whether  he  can  give  us  any  further  information  to  show 
why  the  power-plant  load  factor  is  something  like  75  per 
cent  whereas  the  load  factor  of  the  air  system  is  only,  I 
tliink,  slightly  over  30  per  cent ;  and  it  would  help  us, 
perhaps,  to  deal  with  that  point  if  he  mentions  the  number 
of  hours  worked  at  the  different  mines.  It  is  obvious,  of 
course,  from  the  75  per  cent  load  factor  for  power  that 
some  of  the  processes  are  going  on  throughout  the  24  hours, 
but  apparently  the  processes  which  employ  compressed  air 
are  only  used  for  a  part  of  the  time.  Then  there  is  a  rather 
interesting  point  in  connection  with  air  meters  which  I 
should  like  the  author  to  clear  up.  He  mentions  that 
some  arrangement  of  cams  is  employed  to  compensate 
for  varying  pressures  and  varying  temperatures.  Most 
air  meters,  or  gas  meters,  are  plain  capacity  meters  and 
it  would  be  of  interest  to  know  how  the  cams  affect  this 
compensation.  Figures  giving  the  efficienc\'  of  the  air- 
compressor  system  would  also  be  of  interest.  I  do  not  know 
over  what  distances  the  air  at  100  lb.  pressure  is  transmitted, 
but  it  appears  from  the  author's  remarks  that  in  the  past 
there  have  been  very  serious  losses  through  leakages,  etc., 
and  I  think  it  would  be  useful  if  he  could  tell  us  the  over- 
all efficiency.  There  should  be  no  difficulty  in  obtaining 
this  figure  because  the  author  states  that  the  air  is  metered 
at  the  power  station  and  also  on  the  premises  of  the 
consumers. 

Mr.  A.  E.  McKexzie  :  The  author  addressed  a  word  of 
warning,  which  perhaps  some  of  the  engineers  present 
will  have  to  take  to  heart  during  the  next  few  years  if  the 
ban  is  not  removed  from  the  applications  for  loans  that 
they  may  make  to  tlie  Local  Government  Board,  when  he 
states  on  page  610  that  it  is  only  courting  failure  to  attempt 
to  give  a  permanent  and  reliable  supply  without  a  proper 
reserve  of  generating  and  transforming  plant.  Later  on 
the  same  page  he  deals  with  the  reserve  plant  which  he 
considers  necessary  for  a  large  generating  system  such 
as  that  on  the  Rand.  I  think  that  many  central-station 
engineers  in  this  country  would  be  very  pleased  indeed  to 
have  the  reserve  of  25  per  cent  which  the  author  thinks  is 
essential  for  a  large  supply  undertaking.  I  cannot  under- 
stand why  it  should  be  necessary  for  the  power  company 
to  cover  itself  in  agreements  witli  consumers  against  fre- 
quency variations  of  10  per  cent,  and  I  do  not  think  there 
are  any  supply  companies  in  this  country  where  such  varia- 
tions occur.  I  should  like  to  have  the  author's  assurance 
that  this  guarantee  or  stipulation  is  quite  unnecessary  and 
that  he  really  did  not  get  variations  of  more  than  about 
05  per  cent  in  each  direction,  except  on  rare  occasions. 
With  regard  to  the  transformers  that  are  in  use  on  the 
Rand,  I  should  be  very  interested  to  know  whether  these 
are  of  the  self-cooled  type  and  whether  the  author  has 
used  any  oil-circulating  or  water-circulating  systems  for 
cooling  the  oil.  The  expense  of  three  meters  for  each 
*  Paper  by  Mr.  J.  H.  Rider  {see  p.  6og). 


consumer  is,  I  think,  warranted,  especially  when  one  con-  Mr. 
siders  the  immense  quantities  of  power  that  have  to  be  '*''='^'="^ 
metered.  I  consider  that  each  of  the  three  meters  forming 
any  series  should  be  of  a  different  type  having,  preferably, 
different  characteristics.  On  page  628  the  author  states 
that  it  is  a  very  common  and  most  erroneous  practice  to 
install  oil  switches  without  considering  the  fault  load  that 
they  may  be  called  upon  to  deal  with.  In  justice  to  most 
of  the  engineers  in  tliis  country  I  think  that  the  author 
may  substitute  "  was"  for  "  is."  The  fallacy  of  the  above 
practice  has  now  been  very  generally  recognized  in  this 
country  for  a  very  long  time.  Then  on  page  629  the 
author  asks  that  switch  makers  should  give  a  guarantee 
as  to  the  maximum  number  of  kilowatts  at  which  the 
switches  they  install  will  safely  break-circuit  at  normal 
voltage.  I  should  like  to  know  what  would  be  the  value 
of  such  a  guarantee. 

Mr.  H.  Allcock  :  The  point  in  the  paper  which  caught  Mr.  Allc 
my  attention  was  the  question  of  pressure  variation.  I 
understand  the  author  says  that  he,  or  rather  his  company, 
as  the  consumer,  was  bound  to  accept  electricity  varying 
in  pressure  by  as  much  as  10  per  cent  up  or  down  ;  that 
being  so,  the  success  achieved  is  very  noteworthy,  espe- 
cially having  regard  to  the  necessity  for  speed  uniformity 
in  many  of  their  operations.  The  author's  references  to 
the  risk  of  "  camming"  in  the  stamp  mill,  with  consequent 
risk  of  broken  cam  shafts  and  so  forth,  when  the  number 
of  falls  is  raised  from  98  to  102  per  minute,  are  both  in- 
teresting and  instructive.  Arising  out  of  the  question  of 
permissible  pressure  variation,  it  seems  rather  interesting 
to  consider  how  far  power  supply  to  the  mines  on  the  Wit- 
watersrand  would  have  been  a  commercial  possibility  if 
the  power  company  had  been  compelled  in  the  first  place 
to  enter  into  agreements  under  which  they  would  be  called 
upon  to  deliver  electrical  energy  within  the  restricted 
pressure  variations  prescribed  by  our  own  Board  of 
Trade.  It  would  appear  possible,  although  of  course  I 
do  not  know,  that  had  these  restrictions  been  imposed 
the  power  company  would  not  have  been  established, 
since  we  all  know  that  the  question  of  pressure-drop 
enters  very  largely  into  the  commercial  side  of  proposi- 
tions concerning  the  transmission  of  large  amounts  of 
energy  over  long  distances. 

Mr.  J.  E.  Lea  :  I  went  out  to  the  Witwatersrand  in  1896,  Mr.  La 
and  I  returned  about  nine  years  ago.  The  changes  in 
mining  plant  about  which  the  author  has  told  us  are 
really  phenomenal  in  this  short  space  of  time.  As  an 
example,  he  mentions  that  the  weight  of  the  battery 
stamps  is  now  2,000  lb.  The  weight  of  the  stamps  10  or 
12  years  ago  varied  from  750  to  perhaps  1,250  lb.  as  a 
maximum.  Again,  with  regard  to  the  amount  of  ore 
hauled  up  in  the  skips  out  of  the  shafts,  the  heaviest 
load  that  I  remember  hearing  of,  or  seeing,  was  about 
3  or  at  the  most  4  tons.  The  author  in  his  paper  refers 
to  skips  holding  8  tons  of  ore.     This  is  an  enormous  quan- 
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yciwi  A.  :i|>  tMiicry  wa>  driven,  »o  (ar  at  I  know, 

by  clr<.ii.wi. .  .'.  ul  ;4ny  r,tlc  in  »iich  a  directly  connected 
nuiincr.    Sutnc   wric   jukt   bcinu   »tarlc<l.   Iml   I    do  not 

rn:  11.       Will: 

»U..  '■>«•    l»    •>• 

be    bjuA    lui 

there  arc  - 

but  pel  •III  ul  ^leuiii 

pUnt  I-  ,      r.-   „    ■     II  lii»  pa|>cr. 

almoNl  >  IIS  to  be  eleclrilievi.     With  re{>did  to 

the  »pet-<i  >'i  i:,i.  >i.iiii)»,  and  the  possibihty  of  "camming" 
due  to  hi(;h  »(>eed,  I  can  quite  under^ljiid  the  reason  why 
lh<  (X  the  mine  iii  .  refer  to  keep  on 

tin  ..th  the  clectri.  n   stanip>.     The 

dreo^  ul  ,<  Mup  lur  one  hour,  oi  c^cii  lur  one  minute,  is, 
or  used  to  be,  a  terrible  thing,  and  I  daroay  it  is  the  same 
now,  although  for  my  part  1  could  never  quite  understand 
the  strife  for  "  fKrrpelual  motion  "  which  seemed  to  exist. 
Of  couTie,  the  process  is  largely  a  chemical  one  and  much 
of  the  work  must  be  kept  going.  The  author  has  shown 
to  us  very  clearly  what  a  complete  revolution  has  been 
iiuule  in  one  district  in  a  sliort  time.  1  do  not  think  such 
a  thing  could  take  place  in  Kngland  quite  so  rapidly,  but 
of  course  they  have  many  tilings  in  their  favour  in  South 
»  Atrici.  The  mines  are  alt  together  and  they  have  every 
ta>.itiiy  for  the  generation  and  distribution  of  electricity 
wholesale  aud  in  a  most  economical  manner. 
Cnmp  Mr.  W.  Ckami'  :  I  want  to  ask  the  author  as  one  inter- 
evii-d  ill  Knglish  manufactures,  why  it  is  that  both  in  this 
pa;>c!  and  in  Mr.  Sparks'  recent  paper  ■  nearly  the  whole 
of  the  mining  machinery  appears  to  have  been  Iniuglit 
anywhere  but  in  this  country.  If  the  motors,  ceiiliifugal 
pumps,  and  compressors  are  better  designed  aiid  better 
made  abroad  no  lurtlier  reason  need  be  sought.  If  it  is 
not  so,  then  why  is  it  that  in  these  instances  so  httle  of  the 
machinery  has  been  nude  in  this  country?  Is  it  simply 
a  matter  of  price,  or  are  there  other  influences  which  rule 
English  manufactures  out  of  these  markets  r  The  air  unit 
thai  i«  referred  to  in  Mr.  Hadlcy  s  paper  is  a  very  interest- 
iii>  :   I   hope  it  will  not  be  adopted  as  a  staiuLird. 

It  t^s  happens  that  a  unit  simply  put  forwaid  to 

get  out  of  an  immediate  diliiculty  becomes  a  regular 
standard.  Such  is  the  history  of  most  English  weights, 
measureiK  and  coins.  In  this  case  a  unit  based  up<.>ii  tlu- 
C.G.S.  system  should  be  put  forward  by  a  recognized 
national  authority  for  general  use.  On  page  6ii  the  author 
li.i  ~.     It  is  rather  interesting  to  notice 

1:  iiicity  meter  is,  as  a  rule,  much  more 

act  111  ale  lliati  liic  gas  meter,  three  gas  meters  are  never 
suggested.     Tliree  electricity  meters  are  apparently  con- 

•  C    P.  SPAKCi.     Electricity  applied  to  miaini;.    ^otmu/    I.CJL. 
w*-  SJ.  P    >*».   191$. 
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\,  so  provided.     That  has  been  adopted  in  the  case  of  lulhiig 
mills  to  a  certain  extent  111  this  country  V    '      .-  >    .  .    <      .-4 
successful.     In  any  case  it  must    be 
the  I     ■  111  ;  It  Is  .. 

in  (.  .\ecii  the  ; 

W.i;  .liol.      1.. 

intci  I  is  that  • 

compressed  air.     I  have  alreadv 

but    1   want  to  add  one   or   two    

hgures  and  statements  on  page  fii5.     I  do  : 

how  the  formula  on  tliat  page  is  obtained       •  ur  i.'<u-Uiil 

is  given  as  071s.     Is  this  simply  deiived  from  the  fact 

that  W  i-  1  ill  lb.  weight?     Then 

the  nu-l!  .  uiiiij;  W  bv  (aking  the  : 

the  k  1,1  caiiii 

shou  urate.     '1  .  ^ 

of  about  three-quarters  the  diameter  o(   the  pipe.     We  are 

not  told  within  what  limits  that  may  be  varied.     We  are 

told  very  reliable  results  are  obtained,  but  one  would  like 

to  know  within  what  percentage   they  arc   to  be  rched 

upon.     The  pre>ent  methods  of  measurini!  compressct)  air 

are  very  ; 

than  th.i. 

depends  upon   llie    voiuuie   swept   ou: 

second.     Any  accurate  system  of  mea  .> 

,  of  an  orifice  plate  or  other  instrument  which  the  author 
can  put  forward  will  be  useful.  But  we  need  to  know  how 
the  measurement  should  be  made,  how  the  formula  is 
derived,  and  how  the  system  is  clicckoJ  or  cahlvated. 
How  is  It  known  that  these  results  are  vifv  reliable  ?  In 
connection  with  this  I   should  like  t  the  pneu- 

mometer.  which  lias  been  adopted  ..  .  il  iHcjd. 

It  depends  very  much  on  the  same  principle  a^ 
edged  orilice  plate.     I  made  a  series  of  tests  uj  ,       4 

mometer  and  found  it  to  be  unreliable  and  by  no  means  so 
good  as  a  careful  measurement  taken  with,  say,  a"     '  •  '  ---v 
BrablK-e  tube  and  side  gauge.     I  do  not  see  wl.\ 
should  not  be  used  for    . 

air   at    a    mucli    lower  .! 

me-  • 

are  i    ,  .,:...  c 

generally  told  ttial  ropes  are  ui 
because  they  will  jump  out  of  tl.i.  r,.    .  . .  •! 
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Mr.  Cramp,  some  makers  of  compressors  will  not  guarantee  their 
apparatus  unless  it  is  driven  by  belting,  and  they  will  take 
no  responsibility  whatever  for  a  rope  drive.  It  would  be 
interesting  to  know  whether  these  rope  drives  have  been 
entirely  successful,  whether  a  heavy  Hywhccl  is  used  in 
connection  with  the  compressors,  whether  the  tight  side 
of  the  rope  is  at  the  top  or  at  the  bottom,  and  whetlier  any 
trouble  has  been  experienced  from  the  rope  jumping  out 
of  the  grooves.  I  should  also  like  to  know  whether  the 
author  has  any  figures  to  give  us  concerning  the  loss  of 
pressure  in  the  pipes  conveying  the  compressed  air.  The 
distances  mentioned  in  the  paper  seem  to  be  very  great. 
Finally,  I  notice  that  the  author  has  used  an  expression 
which  I  do  not  understand,  viz.  "root  mean  square  power." 
The  root  mean  square  current  and  root  mean  square 
voltage  are  adopted  because  by  the  use  of  those  two  and 
the  power  factor  the  mean  power  is  obtained.  But  of 
what  use  is  the  root  mean  square  power  ?  Is  it  of  use  in 
specifying  the  plant  ?  If  so,  for  what  purpose  ? 
Mr  Rider.        Mr.  J.  H.  RiDER  (/«  reply)  :— 

Pressure  variations. — Mr.  McKenzie  asks  if  the  pressure 
variations  were  ever  more  than  a  very  small  amount.  I 
have  already  dealt  with  this  point  in  my  reply  to  the 
London  discussion  (see  page  637). 

^Ir.  AUcock  appears  to  be  under  the  impression  that  the 
pressure  variations  affected  the  speed  of  the  motors.  This 
is,  of  course,  not  so,  as  the  speed  depends  only  upon  the 
periodicity  of  the  supply. 

Meiers. — Mr.  Watson  asks  how  the  cams  in  the  air  meters 
are  arranged  to  compensate  for  varying  pressures  and 
temperatures.  I  must  refer  him  to  Mr.  Hadley's  paper,* 
in  which  a  diagram  of  the  cam  arrangements  is  given. 

Mr.  Cramp  asks  if  the  electric  meters  are  for  balanced 
or  unbalanced  loads.  As  all  our  motors  are  of  the  3-phase 
type  the  only  amount  of  unbalanced  load  is  that  caused 
by  the  lighting  arrangements,  which  are  taken  as  nearly 
as  possible  equally  from  each  of  the  three  phases,  so  that 
the  load  may  be  said  to  be  practically  balanced. 

Mr.  Cramp  says  it  would  be  interesting  to  know  how 
the  air  meters  are  calibrated.  I  did  not  go  into  the  details 
of  this  matter  in  my  paper  because  Mr.  Hadley  had  already 
dealt  with  it,  and  had  given  a  description  and  illustration 
of  the  primarj'  standard  air  meter  belonging  to  Rand 
Mines,  Limited,  at  Ferreira  Deep.  This  meter  is  a  dis- 
placement meter,  which  operates  at  a  very  low  speed,  so 
that  the  clearances  can  be  made  exceedingly  fine. 

Winders. — Mr.  Lea  made  some  interesting  remarks 
regarding  the  changes  which  have  taken  place  in  mining 
practice  during  the  last  10  years,  and  asked  whether 
tapered  winding  ropes  were  now  used.  I  do  not  know  of 
any  case  of  the  use  of  tapered  ropes  to-day,  although  their 
possibilities  were  discussed  at  great  length  in  a  paper  f  by 
Mr.  H.  C.  Behr  in  1902.  Such  a  rope,  although  possessing 
certain  theoretical  advantages,  did  not  prove  a  practical 
success. 

Mr.  Cramp  asks  if  cascade  motors  have  been  used  for 
winding  in  South  Africa.  I  do  not  know  of  any  instance 
of  the  use  of  such  motors,  and  I  cannot  think  that  any  slight 
saving  of  energy  by  their  use  would  warrant  the  additional 
complication. 

*  journal  I.E.E.,  vol.  51,  p.  2,  1913. 

t  H.  C.  Behr.  Winding  plants  for  great  depths.  Transactions  of  the 
liislitiilioit  of  Mining  and  Metallurgy,  vol.  11,  p.  r,  igoi-2 


Compressors. — Mr.  Cramp  raises  a  point  with  reference  Mr.  Rid« 
to  the  use  of  ropes  for  driving  compressors,  and  states 
that  the  experience  in  this  country  has  been  that  ropes  are 
unsuitable  as  they  would  jump  out  of  the  grooves.  I  can 
only  imagine  that  he  is  referring  to  very  small  compressors, 
probably  of  the  single-cylinder  type  without  proper  fly- 
wlieels,  but  I  can  assure  him  that  in  the  case  of  the 
compressors  referred  to  in  the  paper  rope-driving  has  been 
entirely  satisfactory.  The  only  flywheel  used  is  one 
equivalent  to  that  of  the  original  steam-driven  compressor, 
and  the  tight  side  of  the  rope  is,  of  course,  arranged  to  be 
at  the  bottom.  Mr.  Cramp  will  perhaps  remember  that 
one  of  my  slides  showed  these  rope-driven  compressors 
with  the  ropes  running  perfectly  smoothly,  and  with  good 
curves. 

Mr.  Cramp  asks  how  the  formula  given  on  page  625  is 
arrived  at.  The  formula  appears  to  be  self-explanatory, 
excepting  that  it  does  not  state  how  the  constant  0735  is 
derived.  It  was  obtained  from  the  results  of  tests  taken 
on  the  standard  displacement  air  meter  previously  men- 
tioned, and  has  been  proved  by  both  the  engineers  of  Rand' 
Mines,  Limited,  and  of  the  power  company  to  be  accurate. 
The  orifice  plate  shown  in  Fig.  9  should  have  its  internal 
diameter  as  nearly  equal  to  three-quarters  of  the  internal 
diameter  of  the  pipe  as  is  practicable,  and  the  object  of 
using  the  words  "about  three-quarters"  was  merely  to 
indicate  that  mathematical  accuracy  was  not  necessary  if 
the  area  of  the  orifice  is  calculated  from  exact  measure- 
ments. 

Air  system. — Both  Mr.  Watson  and  Mr.  Cramp  enquire 
as  to  the  overall  efficiency  of  the  air  system  and  the  losses 
of  pressure  in  the  air  pipes.  I  regret  that  I  have  no  figures 
available  which  I  could  give  referring  to  this  matter,  as  I 
do  not  know  the  pressures  at  which  the  power  company 
have  to  work  in  their  stations  to  give  the  contract  pressure 
at  the  mines. 

Transformers. — Mr.  McKenzie  asks  if  the  transformers 
are  of  the  self-cooling  type.  As  the  transformers  belong  to 
the  power  company  I  did  not  deal  with  their  arrangement 
in  my  paper,  and  must  refer  him  to  Mr.  Hadley's  paper  for 
information  on  this  matter. 

General. — Mr.  Watson  asks  why  the  electric  load  has  a 
load  factor  of  about  75  per  cent  while  the  air  load  has 
a  load  factor  of  only  about  34  per  cent.  The  answer  is 
obvious,  as,  with  the  exception  of  the  winding  plant,  the 
electric  load  is  maintained  practically  constant  day  and 
night,  while  the  air  load  is  very  variable  and  is  generally 
used  for  drilling  only  during  the  morning  hours. 

In  referring  to  my  comments  on  the  sizes  of  oil  switches 
generally  used,  I  understand  Mr.  McKenzie  to  state  that 
in  this  country  it  has  long  been  the  practice  to  use  oil 
switches  large  enough  for  the  energy  which  they  may  be 
called  upon  to  break.  I  am  very  glad  to  note  this,  but 
would  like  to  go  further  and  ask  switch  makers  to  rate  their 
switches  in  such  a  manner.  Mr.  McKenzie  asks  what 
would  be  the  value  of  such  a  maker's  guarantee.  Perhaps 
the  makers  will  reply. 

Mr.  Lea  asks  how  much  steam  plant  is  now  actually  left 
in  use.  So  far  as  the  mines  referred  to  in  the  paper  are 
concerned,  there  is  no  steam  plant  now  in  use,  but  on  a 
number  of  the  other  mines  on  the  Rand  there  is  a  consider- 
able amount,  consisting  principally  of  winders.  I  can  only 
account  for  this  by  the  fact  that,  as  the  charges  to  the  other 
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author  ta  to  I 


Ii."  ami  on  p.i.  vt  that  "  many 

'    -.c  t<cn  tifii  iv  ..^ ..  J."     I  think  the 
JcHJ  (or  havinii  made  these  admis- 
:  ■    further  pa: ; 

In   nn 
hulc,  if  .. 
;  iy  from  1 1. 
mid  trtiublr»  experienced  lliat  most  n  to  be  le.irni.     I  luier 
the  heading  "  Troubles,"  on  pajjc  628,  some  rather  astonish- 
iag  particulars  are  given  of  bad  design  and  workmanship 
in  the  plant  installed.     It  would  be  interesting  to  know 
where  the  plant  was  made  ;  I  should  be  surprised  to  hear 
ilut  It   I.  .  this   country.     When   1    was   in   Cape 

l.oloiiy   -  -  ago    I   rememlHrr   that  at  that   time  a 

Urj;f  pri'iHjition  of  the  electrical  apparatus  purchased 
conic  iroin  the  I'nited  Slates  on  account  of  the  exceed- 
ingly low  freights  by  comparison  with  those  quoted  for 
goods  from  Europe.  I  have  had  but  little  experience  of 
electrical  machinery  of  foreign  make,  but  as  regards 
"  I    cannot    agree   with    the   author    that 

.  11  is  the   Usual  characteristic  of  3-phasc 
u.^  ^  1  I  .  do  1  believe  that  it  would  be 

ca!>v    to  motors    in    which    the    stator 

frames  I'l    ,  i.^torted  under  load  or  in  which  a  oft. 

rotor  had  .1  :.i  .  .>1  air-gap  of  only  1  mm.,  a  more  usual 
figure  being  at  least  double  that  amount.  The  remedy  for 
such  troubles  lies  in  the  hands  of  the  purcliasing  engineer  ; 
for  instance,  he  can  either  specify  the  air-gap  or  requeat 
tirms  tendering  to  state  the  proposed  air-gap.  With  regard 
to  the  author's  formula  for  minimum  radial  air-^up,  11 
wo-..  lliat  the   figure   obtained  by  this  i 

the  '  .    icier  rotor  does  not  allow  much   1    . 

safety.  A  rough  approximation,  which  I  have  found  to 
agree  very  closely  with  the  air-gaps  of  a  large  number  of 
motors  of  various  makes  and  sizes,  is  to  take  the  air-gap  as 
being  i;'500(h  of  the  rotor  diameter.  This  formula  is  of 
course  not  strictly  accurate  and  gives  rather  too  large  a 
j;.>p  lot  r.uit.  i»  I1.1.  of  such  large  diameter  as  the 

\'in:  !!!  •|'n-^!!"n        1  '.ilar<   pivrn  of   the  verve-'!!!- 

pk-.. 
the 

lines  are  kept  in  a  high  state  ol  etticiciicy.     1  wou 
the  author  why  tlie   drills  arc   not   operated   clecli 


tent.     A>-  .;   compiesscd  air   inu->t  Ik:  rr 

blowing  o.a.   .w..   nv>ikiiigs,  would  it  i>  ■     -    ' 
more    advantageous    to     install    clecti 

h  mine  ?     Wi',' 

.1    the  Irown  S: 


less  lubility  to  .  n  w  itli  this  oi 

ing  occurs,  I   ;.  — .   -  -    ,;lad  if  the  aui:. 
further  information.    There  would  seem  to 
here  for  the  submersible  motor,  o^   which  ' 
are  now  being  made.     No  mention  has  bci 
I  I.     I  pre>-. 

I   cavr   I 


the 


tliat  some  transmission   lines  are   made   "  dead      by  (lie 
engineers  when  a  storm  of  exceptional  violence  occurs. 

Mr.    K.    A.    Cmattock  :    I    think    the   pa(^cT   is  a   ver>-  n,. 
valuable  record  of  the  special  conditions  and  difficulties  c"k»««'»* 
that     have    to    be    met    in    the    South    .\frican    mining 
iniiu>try,  and  of  the  way  in 
Willi  and   overcome.     The  a-. 
the   paper  will  lead  to  a  . 
lliat  the  experience   of    . 

country  will  hardly   fit   them  to  cnuaze    the    • 
special  arrangements  that   have   had   to   be   adi,, —  — ; 
there,  although  perhaps  the  maiiufacturcrs  will  liave  some- 
!  -.iv.     I  have  been  particularly  inl^       '    '     i   the 

I  of  the   switchijear   ti-,cd  in  the  -  v      I 

.,,1 

tion  by  lialaiiccil  leakage  relays  i  :     i      It 

seems  to  me  that  such  a  method  vs  ^    ->;  -1  Ivan- 

tages  in  that  it  would  save  the  S)'Taem   from  the  scwrc 
shocks  that  occur  when  switches  open  on   shor> •■  -•       ' 
especially  where  such  an  enoriiKms  capacity  if  . 
plant  IS  employed.     Asn. 
the  >'.tr  and  r.tting  of  td 
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of  switch  for  each  voltage  would  be  quite  justified.  I  quite 
agree  that  oil  switches  should  lie  rated  in  terms  of  break- 
ing capacity  in  kilowatts  as  well  as  in  terms  of  currcnt- 
carrving  capacity.  The  description  given  of  the  difficult 
conditions  under  which  the  air-break  contactor  switches 
liave  to  work,  and  of  the  excellent  way  they  behave  under 
such  conditions  when  compared  with  oil-break  switches, 
leads  one  to  hope  that  the  design  of  tlic  air-break  switch 
will  be  developed  more  than  it  is.  The  elimination  of  oil 
tanks  from  switchboards  would  be  very  advantageous.  I 
am  not  clear  at  what  voltage  these  air-break  switches  have 
to  work.  They  apparently  work  both  on  the  stators  as 
well  as  on  the  rotors  of  the  machines.  As  regards  the 
metering  of  the  supplies,  the  method  described  of  using 
three  meters  and  taking  the  mean  of  the  readings  is  a  quite 
usual  arrangement  in  this  country  for  large  supplies  ;  I 
cannot  understand  why  the  energy  is  metered  on  the 
secondary  side  of  the  transformers  and  an  allowance  made 
for  the  transformer  losses.  It  would  seem  perfectly  easy 
and  satisfactory  to  install  the  meters  on  the  primary  side 
of  the  transformers  and  so  arrive  at  the  actual  energy 
supplied. 

Dr.  Kapp.  Dr.  G.  Kapp  :  We  owe  a  debt  of  gratitude  to  the  author 
for  having  given  so  eminently  practical  a  paper,  and  if 
other  authors  would  follow  his  example  their  papers 
would  benefit  us  far  more  than  many  a  highly  scientific 
dissertation  bristling  with  abstruse  mathematics.  At  the 
same  time  this  feeling  of  satisfaction  at  the  great  useful- 
ness of  the  paper  is  overshadowed  with  a  feeling  of  uneasi- 
ness when  we  read  of  the  failures  described  in  detail  on 
page  630.  These  are  not  unavoidable  failures,  but  failures 
due  to  dishonest  work.  That  any  firm  should  send  out 
faullv  work  patched  up  so  as  to  hide  the  faults  is  bad 
enough,  but  that  the  work  should  be  sent  knowingly  to 
places  where  the  lives  of  men  depend  on  honest  work  is 
nothing  short  of  scandalous.  The  author  has  not  disclosed 
the  makers'  names  and  I  do  not  ask  him  to  do  so  now  ; 
but  I  should  be  glad  if  he  could  in  his  reply  give  an  assur- 
ance that  these  particular  examples  of  commercial  dis- 
honesty did  not  come  from  British  workshops.  When 
speaking  of  temperature  limits  the  author  states  that  a 
rise  of  only  35  degrees  C.  is  allowed,  making,  with  an 
air  temperature  of  35"  C,  the  final  temperature  only  70°  C. 
This  is  considerably  lower  than  the  Engineering  Standards 
Committee  allows  even  for  untreated  cotton  insulation. 
There  may  be  a  special  reason  why  so  low  a  temperature 
has  been  fixed  for  plant  intended  for  Johannesburg,  and  it 
would  be  interesting  to  know  this  reason.  In  asynchronous 
motors  the  air-gap  calculated  from  the  author's  formula 
would  be  smaller  than  is  generally  allowed.  I  suggest 
that  it  would  be  safer  to  allow  a  larger  air-gap  and  counter- 
act its  detrimental  effect  on  the  power  factor  by  using 
phase  advancers.  This  would  also  have  the  incidental 
advantage  of  reducing  the  great  variation  in  voltage 
mentioned  in  the  paper. 

Dr-  Dr.   C.   C.  G.iRRARD  :    I  am  interested  in  the  author's 

description  of  the  method  of  metering  adopted,  and  there 
is  no  doubt  that  for  large  power  consumers  the  system  of 
having  three  separate  meters  in  series  is  a  very  good  one. 
I  should  like  to  ask  whether  each  separate  meter  of  the 
three  was  provided  with  its  own  current  and  potential 
transformers.  I  presume  this  would  be  so.  I  think  the 
limit  of  3  per  cent  which  the  author  mentions  is  what  can 


Garrard. 


be  reasonably  expected.  The  drawings  which  are  given  Dr. 
of  the  electrically-operated  contactor  switclies  are  interest-  '"'"' 
ing.  It  must  not  be  assumed,  however,  that  such  arrange- 
ments cannot  be  obtained  in  this  country.  It  is  unfortunate 
that  the  author  did  not  secure  quotations  ;  indeed  there 
are  several  firms  in  this  country  who  make  this  type  of 
gear.  It  appears  to  me  that  P'ig.  6  has  a  very  serious 
fault,  in  that,  should  the  apparatus  go  wrong  in  any  way, 
warning  is  not  given  and  an  accident  might  happen.  For 
example,  a  break  in  the  battery  connection  would  prevent 
the  warning  hooter  sounding.  It  seems  to  me  that  any 
such  apparatus  should  be  so  constructed  that  in  the  event 
of  its  going  wrong  it  gives  the  danger  signal  and  prevents 
an  accident.  This  is  of  course  a  rule  which  is  absolutely 
followed  in  all  railway  signalling.  The  author  takes  up 
the  controversial  subject  of  the  alleged  inability  or  un- 
willingness of  manufacturers  to  supply  what  the  customer 
wants.  I  trust  that  the  author  will  not  think  I  am  referring 
to  him  when  I  say  that  in  the  majority  of  cases  the  manu- 
facturer knows  very  much  better  what  the  customer  should 
have  than  the  customer  does  himself.  This  is  only  to 
be  expected,  as  the  manufacturer  devotes  his  life  to 
manufacturing  a  particular  article  and  knows  everything 
about  it  ;  whereas  the  purchaser  probably  has  a  much 
more  superficial  acquaintance  with  the  article  in  question. 
The  fine  art  of  salesmanship,  of  course,  is  carefully  to 
conceal  this  fact  and,  while  letting  the  customer  believe 
he  is  getting  what  he  asked  for,  actually  to  sell  him  what 
he  should  have.  In  this  way  future  trouble  is  avoided, 
which  if  it  does  occur  the  manufacturer  is  bound  to  get 
blamed  for  whether  it  is  his  fault  or  not.  I  think  the  very 
fact  that  these  disputes  can  occur  shows  the  great  need 
which  exists  for  an  increased  standardization  of  electrical 
apparatus.  Take  the  case  of  electrical  oil  switches.  The 
state  of  manufacture  of  these  is  at  the  present  time  quite 
chaotic.  The  author  apparently  has  specified  a  rating  of 
800  amperes,  15,000  volts,  for  his  2,000- volt  switches.  This 
is,  however,  quite  an  arbitrary  figure.  As  far  as  I  know 
the  only  attempt  to  standardize  oil  switches  has  been 
made  by  the  Verband  Deutscher  Elektrotechniker  in  a 
number  of  proposals  and  suggestions  issued  by  them 
about  a  year  ago.  In  these  suggestions  a  rule  is  laid 
down  that  the  rating  of  an  oil  switch  must  correspond 
to  the  maximum  current  which  the  switch  will  have  to 
break  on  short-circuit  in  the  situation  where  it  is  situated. 
This  is  undoubtedly  right.  I  am  afraid  electrical  stan- 
dardization in  this  country  will  not  make  very  great 
progress  under  present  conditions.  In  this  country  we 
have  the  Engineering  Standards  Committee,  but  that 
Committee  has  to  deal  with  the  whole  domain  of  en- 
gineering from  locomotives  to  electrical  instruments,  con- 
sequently electrical  standardization  can  only  receive  a 
small  proportion  of  the  Committee's  attention.  It  seems 
to  me  that  the  electrical  profession  and  industry  must 
tackle  this  question  in  a  more  serious  spirit  if  this  and 
analogous  questions  are  to  arrive  at  any  settlement  in  the 
lifetime  of  any  of  us. 

Mr.  F.  Greenhalgh  :  With  reference  to  the  operation  Mr. 
of  oil-immersed   stator  switches   in   liquid   controllers,    I    '"°j 
should  be  interested   to   learn   if   the    plain   butt-contact 
switches  which  have  been  used  to  such  a  large  extent  have 
satisfactorily  withstood  arcing,  and  whether  they  require 
much   more   attention   than   the   open-type   carbon-break 
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Ill^  1  .'     Several  ul    tlie^   o>iitrollrr*  aic  already 
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ol  the  ditletence  he  cuiikidcnt  lo  be  due  lo  Ihe  nicllmd  o( 
e»Uiiuiling  (he  mitput  of  air.  The  efficiency  stated  i»  mj 
much  lower  than  i»  usually  obtained  with  lhi»  cla!>»  of 
cor.  whether  (he  incdiod 
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their  accuracy  on   various  correcdons   and   assuni; 
The  iiistruinent  u&od  on  the  tc»(  rcl erred  to  u'a>  a  '  ,,.... 
or  "  wcigh(cd  door  "  type  uf  iiielcr,  the  cun.stant  of  which 
muU  be  determined  by  calibration  again>t  a  more  direct 
method  such  as  a  reciprocating  displ.iccincnt  meter.     The 
coi  tier  which  the  calibration  is  carried  out  may 

dilK  .^rably  from  those  existing  when  the  iiiotru- 

meiit  IS  III  use.  and  in  consequence  errors  arc  likely  to 
occur.  1  consider  the  sharp-edged  orifice  a  much  more 
reliable  means  of  measuring  air  liow,  but  even  this  must 
be  used  with  caution.  Corrections  are  necessary  for  con- 
traction of  jet,  friction,  ra(io  of  orifice  to  pipe  diameter, 
moisture,  etc.,  and  various  assumptions  such  as  uniform 
>ii-.uly  liow  and  constant  density  are  made,  any  of  which 
may  be  ■  results  due  to  these  disturbing 

factors  .1.  1  the  I^ud.     On  a  te-l   where 

ihi:  I'niKc  was  used  near  the  Ci'inpressor  a  miii 

gv.it  results  which  were  obviously  very  much  ti'    ^  it 

on  shifting  the  orifice  to  a  position  near  the  air  receiver 

a  very  different  figure  was  obtained,  the  one  result  being 

as  much  too  low  as  the  other  was  too  high.     j\s  a  matter 

of  fact  neither  of  these  }K>sitions  was  correct,  the  correct 

position  being  on  the  outlet  side  of  the  air  reservoir  where 

the  flow  of  air  cuuld    be  depti  :  to   be    stcidy. 

The  author  is  quite  corrett   in   -'  t!'.c  vohinu-  if 

the  air  delivered  by  rc^ 

not  niore  tliaii  8»  5  pt  .  ,  , 

and  experienced  makers  are  careful  to  allow  for  this  wlu 

dc-" ■■  -'t  air  cylinders.    Tlut  calculations  from  iiui 

^.r.  IS  generally  sliow  a  volumetric  eflicieiuv  > 

iroiu  '):  iw  ij5  per  cent  is  qm' 
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-i   with   Ihc   electrical   machinery   of    the    Kaad 

mines.     Can   he   slate    what   percentage    (he   number   of 
motors  which  have  given  (rouble  I 
of   mo(ors  ?     I    under ■>(aiid   from 

-   that    the   breakil' 

c  year  alter  year  a  ..  ■ 
iiumlMrr  of  motors  insured,  wmcn  percentage  1  am  glad 
(o  say  is  not  very  high.  Have  (he  companies  with  which 
(he  author  has  been  connected  similar  data  and  i-^w  be 
give  us  the  benefit  of  (hese  statistics  .'  I  hope  il  will  be 
found  (ha(  (he  number  of  faulty  machines  inav  leally  be 
only   a  small  [  ^  ._l-  of  the  i      .' 

instalU-<i.     It  -I  <■  (tia(  Ih. 


have   either   been   applied  WTongly  or   (ha(    Ihe   parts  in 
ques(ion  have   been  uiaiiufac(ured   badly.     This   may   o( 
course  happen  wi(h  any  construc(ion  which  may  be  speci- 
fied.    1(  does  no(  (herefore  seem  to  me  v 
specify  a  particular  design  as  to  insist  (ha(  t 
used  is  1'  >l  and  tin' 
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DISCUSSION    ON    "THE   CENTRAL   MINING-RAND   MINES  GROUP." 


jj^r,        n.  FiDER  (;n  reply): — 

M^'tcrs.—Vr.  Garrard's  queries  with  regard  to  the  meter- 
ing of  the  electrical  supplies  were  answered  in  my  reply  to 
the  London  discussion,  to  which  I  would  refer  him. 

IViiiders.—Dr.  Garrard  suggests  that  the  Philip's  indi- 
cating device  has  a  serious  fault,  as  if  there  was  a  break 
in  the  circuit  the  hooter  would  not  sound.  This  is  quite 
correct,  but  at  the  moment  I  do  not  sec  how  the  apparatus 
could  be  arranged  to  work  by  opening  instead  of  closing 
the  circuit.  It  is,  however,  a  point  well  worth  considera- 
tion, and  shall  have  my  attention.  He  also  states  that  there 
are  several  firms  in  this  country  who  make  contactor 
switches  suitable  for  3-phase  winder  control.  I  should  be 
very  glad  indeed  to  receive  from  such  makers  particulars 
of  their  switches,  as  at  present  I  do  not  know  of  any. 

Mr.  Greenhalgh  asks  whether  oil-break  switches  require 
more  attention  than  those  of  the  contactor  type  shown  in 
Fio.  4.  That  point  has  already  been  answered  in  the 
paper  itself,  where  the  reasons  which  have  induced 
the  mines  to  give  up  the  use  of  oil-break  switches  for 
winder  circuits  are  fully  dealt  with.  I  have  had  no 
experience  with  the  type  of  liquid  controller  mentioned 
by  Mr.  Greenhalgh,  but  question  whether  it  could  be  used 
with  advantage  on  3-phase  winders  of  large  size. 

Dr.  Kahn  asks  me  to  state  whether  I  have  a  decided 
preference  for  Ward  Leonard  winders.  The  answer  is 
yes,  if  the  conditions  are  favourable,  but,  as  is  clearly 
pointed  out  in  the  paper,  there  are  many  cases  in  which  a 
3-phase  winder  can  be  used  with  advantage,  and  each 
individual  case  must  be  considered  on  its  merits. 

In  reply  to  Mr.  Chattock,  the  contactor  switches  shown 
in  Fig.  4  which  are  used  for  the  stator  circuits  of  3-phase 
winders  operate  at  2,100  volts. 

Distribution.— M.V.  Chattock  asks  if  protection  of  the 
power  circuit  on  the  mines  by  balanced  leakage  relays  has 
been  considered.  Such  protection  is  used  by  the  power 
company  on  its  own  transmission  lines,  but  on  the  mines 
simple  overload  trip  gear  in  the  switch  houses  is  only  used, 
and  on  the  motors  themselves  no-voltage  trips  are  em- 
ployed. With  reference  to  the  use  of  similar  switches  for 
the  2,100-volt  and  S2S-volt  circuits  in  the  switch  houses, 
Mr.  Chattock  considers  that  a  distinct  design  of  switch  for 
■each  voltage  would  be  justified.  It  must  be  remembered, 
however,  that  the  S25-volt  circuits  are  only  for  motors 
under  50  horse-power,  while  the  advantage  of  only  employ- 
ing one  type  of  switch,  with  a  corresponding  reduction  in 
the  spare  parts,  is  very  great,  as  the  mines  are  6,000  miles 
away  from  the  source  of  the  switch  supplies. 

Troubles. — Mr.  Rosher  asks  if  I  will  give  further  particu- 
lars of  our  troubles,  but  I  think  those  already  given  are 
sufficient  to  point  the  moral,  and  no  good  would  result 
from  adding  to  the  list.  Either  Mr.  Rosher's  experience 
must  be  rather  limited,  if  he  has  not  discovered  the  flimsi- 
ness  of  design  in  the  great  majority  of  3-phase  motor 
brush-gears,  or  our  understandings  of  the  meaning  of  the 
word  do  not  agree.  That  he  should  be  sceptical  that 
British-made  motors  should  have  stator  frames  which 
become  distorted  under  load  will  not,  unfortunately,  alter 
the  fact  that  it  was  principally  in  British-made  motors  that 
this  trouble  occurred.  Referring  to  mj'  formula  for  mini- 
mum radial  air-gaps,  Mr.  Rosher  considers  that  with  a  6  ft. 
diameter  rotor  a  minimum  radial  air-gap  of  i-88  mm.  (as 
required  by  my  formula)  does  not  allow  a  large  margin  for 


safety.    If  the  air-gap,  as  given,  is  even  and  regular  all  ixr. 
round,  and  is  the  minimum  at  any  point,  it  is  quite  safe. 
His  rule  to  make  the  air-gap  i/5ooth  of  the  rotor  diameter 
would  not  be  practicable. 

Dr.  Kapp  expresses  the  hope  tliat  the  examples  of  bad 
work  mentioned  in  my  paper  did  not  come  from  British 
workshops.  Unfortunately  a  number  of  them  did.  With 
reference  to  Dr.  Kapp's  remarks  as  to  the  temperature 
limits  of  motors,  I  would  refer  him  to  my  reply  to  the 
London  discussion.  With  Dr.  Kapp's  suggestion  that  it 
would  be  safer  to  allow  a  larger  air-gap  than  is  usual  I 
quite  agree,  but  my  experience  has  been  that  the  air-gaps 
generally  allowed  by  manufacturers  are  less  than  those 
given  by  my  formula.  This  may  be  because  many  of  the 
air-gaps  are  not  regular. 

Dr.  Kahn  asks  what  percentage  the  number  of  motors 
which  have  given  trouble  bears  to  the  total  number. 
This  is  a  very  difficult  question  to  answer,  but  the  principal 
troubles  have  occurred  in  3-phase  winding  motors.  I 
cannot  agree  with  Dr.  Kahn  that  the  use  of  dovetailed 
wedges  screwed  on  to  the  inner  face  of  the  stator  frame 
is  good  construction  under  any  circumstances.  Recent 
experience  in  this  country  with  some  very  large  machines 
has  shown  how  faulty  this  system  can  be. 

Dr.  Garrard's  remarks  on  the  subject  of  manufacturers 
supplying  what  the  customer  wants  are  worthy  of  careful 
reading,  as  they  illustrate  the  attitude  which  is  so  fre- 
quently taken  up  by  manufacturers.  Dr.  Garrard  says 
that  "  as  the  manufacturer  devotes  his  life  to  manufactur- 
ing a  particular  article  he  knows  everything  about  it."  My 
points  are  that,  while  he  may  know  everything  about  its 
manufacture,  he  frequently  knows  very  little  indeed  about 
its  behaviour  in  operation,  and  that  he  looks  at  everything 
purely  from  the  manufacturing  point  of  view.  Dr. 
Garrard  certainly  throws  a  great  deal  of  light  upon  the 
attitude  of  manufacturers  when  he  frankly  says  that  "  the 
fine  art  of  salesmanship  is  while  letting  the  customer 
believe  he  is  getting  wiiat  he  asked  for,  actually  to  sell  him 
what  he  should  have,"  and  this  entirely  bears  out  my 
remarks  on  the  subject.  The  ordinary  commercial  sales- 
man is  one  of  the  weak  spots  of  the  electrical  industry,  and 
the  sooner  manufacturing  firms  realize  this  the  better  it 
will  be  for  everybody.  Dr.  Garrard's  opinions  on  this 
vital  point  should  be  compared  with  those  of  Dr.  Railing 
(one  of  his  directors)  in  the  London  discussion. 

Compressors. — Mr.  Rosher  asks  whether  it  would  not  have 
been  more  advantageous  to  install  electrically-driven  com- 
pressors on  each  mine  instead  of  taking  the  air  from  the 
power  company.  This  point  was  most  carefully  con- 
sidered in  the  early  stages  of  the  power  contract,  and  the 
result  of  operation  has  shown  that  the  common  air  supply 
is  to  be  preferred. 

Mr.  Walshe  makes  some  interesting  remarks  on  the 
subject  of  air  measurements,  and  I  quite  agree  with  him 
that  the  orifice  plate  must  be  used  in  the  correct  position 
in  the  pipe  line  for  its  indications  to  be  accurate,  but  this 
only  means  that  it  must  be  fixed  in  that  part  of  the  pipe 
line  where  the  air  flow  is  free  from  pulsations.  The 
figures  given  in  my  paper  regarding  the  efficiencies 
obtained  on  test  by  using  air  meters  as  against  those 
guaranteed  by  the  maker  based  on  piston  displacement 
are  quite  correct  and  refer  to  an  actual  case,  the  figures 
of  which  are  on  record. 
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Mr.  \V    W.   Lai  KiK  •  Th«>  author  has  Krrn   connrcted 
\\  .iid 

I..  .c    I 

a)^cc  that  ..  -.  towns,  and  areas  having  popu- 

Utiuus  of  .....  .J- .    ..i:>  >tatcmcnt  is  correct,  vi^.  that 

there  will  be  complete  obsolescence  of  plant  purchased  at 

t!'.         ••      which  IS  rated  at  5,000  kw.  in  the  case  of 

tu  jiid  ;o.ooo  lb.  for  boilers,  I  du  not  think 

I :  .^  ns.     I  uIm)  agree 

t!  .  of  approximately 

50  per  cent  un  uut  wuiks  uiul  Itial  luci  ecunoiny  is  becom- 
ing one  of  the  first  cousidcntions  111  buying  new  plant. 
At  the  outset  the  author  gives  a  few  fi}<ures  to  show  the 
iinptortance  of  low  steam  consumption  and  the  correspond- 
ing saving  in  fuel,  but  I  think  he  rather  overstates  the 
economies.  First  of  all  he  makes  bis  calculation  on  a  basis 
ut  >  t^».o  hours  per  annum,  that  is  to  say  a  load  factor  of 
91  )H:r  cent,  whereas  the  average  load  factor  on  the  plant 
is  agreed  to  be  not  over  50  per  cent.  The  effect  of  this 
immediately  reduces  the  saving  to  one  half  and  the  figure 
of  £375  should  be  about  iJ86  per  annum.  Capitalized  on 
the  basis  of  8  years'  life  it  will  reduce  his  figure  of  ^3,000 
to  ;^i,500.  The  author  states  that  a  generating  set  taking 
I  lb.  of  steani  (>er  kilowatt-hour  less  than  another  machine 
of  the  same  output  will  be  worth  £r24,uoo,  more  than  the 
latter  ;  hut  he  ha-  entirely  omitted  tu  take  into  coiisidera- 
t:  :  :  eciation,  and  sinking  fund  that 

w  .  i  on  the  additional  £2^.000,  and 

this  at  »  per  cent  represents  £1,900  per  annum,  or  over 
£15.000  in  8  years.  The  net  result  is  that  the  machine 
with  the  smaller  steam  consumption  mentioned  above  is 
only  worth  j£8,6oo  more  than  the  other  on  the  baMS  of 
8xxx>  hours'  u»e  |H:r  annum,  and  only  £4,300  for  a  4,000 
^  load.  I  do  not  wish  for  a  moment  to  seem  to 
ate  the  importance  of  steam  consumption.  .As  a 
•':c  author  could  have  jjonc  further  than  he 

1  .  .15,  if  a  turbine  set  lakes  5  per  cent  less 
stcajn  It  follows  that  5  per  cent  less  boiler  plant  will  be 
required.  Much  interesting  information  is  given  in  the 
paper  regarding  the  testing  of  plant,  and  any  one  of  the 
four  lu  .  '  which  the  paper  is  divided  might  itself 

form  ;  '.  of  a  paper.     Within  recent  years  we  liavc 

'   faj.xx  by  Ui.  W.  U.  Selvcv  (mc  p.  tat)- 


had  to  test  J,o<v»  4,»>v«.  snd  't.ooo  kw  ftsrSine*.  s'-.d  **-i!er4  Mi 

of  30,000  lb  •% 

10  sets  of  n  .1  •  J 

make  a  proper  record  of  these  test*,  ncci  .:t 

of  20  to  24  men  :  but  the  importance  of  '  ...^ts 

accurately   set   down  is  seen  when  one  :  -    ttut 

every  i/io  lb.  of  steam  above  i;        '  .f 

£'750  to  the  contractors.    Willi  ii  .i» 

to  when  .k 

any  m.i  r 
6  months  bciorc  a  test  was  made  un. 

ment  for  the  plant  on  erection  ;  and...: , .  cr 

would  agree  to  pay  for  the  plant  until   it  was  officially 
tested.     The  pUnt  should  be  tested  as  soon  :•.-  "     -'-le 

after  erection  and  again  12  months  later,  but  c 

second  test  the  contractor  ■'       '  '   '  f 

examining  the  turlnne.     T:  .a 
the  elliciency  of  the  turbine  al  (he  ci. 

Mr.  X.  R\ci£  :  There   is   general   ..  10  the  >*»  ftr- 

necessity  for  testing  jxjwer  plaiit,  not  .\  ill 

be  employed  on  a  good  load  factor  bu;  _..  _-_  ■  •>!. 

The  buyer  feels  there  is  a  necessity  for  an  ast .  .a 

what  he  receives  is  in  accordance  with  the  -;  n 

and  his  own  ideas.     The  difficulty  arises  wh>  ■> 

prove     non-.                  r     with     the     spt.  e 

especially  if                       ave  been  c.imed  : » 

in  the  b                             cnt.    Th  ; 

having  >]                          .irry  out  it  .: 

by  both  parties.      I'he  trouble  all  along  has  been  Ittal  there 

are  so  many  variables.     On  getting  in  tenders  the  steam 
consumptions  are  invarubly  given  with  a  margin  of  7i  per 

cent.     We    have   succeeded    sometimes    in    ^  ''.c 

successful  contractor  to  depart  from  this  stii  ..( 

thr  .r 

err  f 

an                                        II  per  cent,    i;  ^ 

to  1                                     whether  iiianL:..  J 

to  get  any  allowance  on  the  guaranteed  p- 

tion  figures.    The  remarks  on  obsolrsceiu^  y 

to  boilers  in  the  same  sense  as  to  turbines.      1  r 

sue  of  water-tube  boUer   sv  4 

surface  installed  15  years  ...  ..> 

boilers  put  down  recently.      I'Uc  kauic  vciUiuiy  ouiUvX  be 
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Mr.  Page.  cUiimcd  for  turbo-alternators.  I  can  confirm  what  is  done 
in  power  stations  in  running  new  turbines  almost  con- 
tinuously. About  15  months  ago  we  installed  a  6,000  kw. 
set  in  one  of  our  works.  It  is  hardly  fair  to  take  the 
figures  for  the  first  6  months'  running,  because  during  that 
time  the  turbine  has  to  be  "  tuned  up,"  but  if  we  take  the 
second  6  months  of  the  first  year  of  that  machine's  life,  I 
find  we  ran  it  for  85  per  cent  of  the  possible  time,  and  that 
it  was  responsible  for  22  million  units  out  of  a  total  output 
of  33  million  units,  which  only  leaves  11  million  units  to 
the  credit  of  the  other  plant  in  the  station.  I  ought  to  add 
that  the  total  capacity  of  the  plant  is  22,000  kilowatts.  The 
6000  kw.  set  therefore  generated  two-thirds  of  the  total 
output,  and  the  other  two-tliirds  of  the  plant  only  generated 
one-third  of  the  total  output.  From  now  onwards  and 
until  we  install  still  more  efficient  sets  we  hope  to  run  this 
machine  on  a  yearly  load  factor  even  better  than  85  per 
cent.  This  fully  bears  out  the  author's  contention  that  a 
reduction  of  i/io  lb.  in  the  steam  consumption  is  extremely 
valuable.  We  have  tried  to  get  engineers  in  the  boiler 
houses  to  digest  such  information  as  the  author  gives  in 
Figs.  I,  2,  and  3,  and  to  turn  this  to  beneficial  use,  but  it  is 
extremely  difficult  to  pick  up  the  right  class  of  engineer  for 
boiler-house  work.  Automatic  COj  apparatus  requires  to 
be  used  with  discretion  ;  the  firemen  are  so  apt  to  cut 
down  air  supply  and  thus  lower  the  output  of  the  boiler  in 
their  eftorts  to  get  a  high  percentage  of  CO,.  Indicating 
steam  meters  on  each  boiler  help  greatly,  not  only  when 
worked  in  conjunction  with  the  CO,  apparatus,  but  in  the 
event  of  a  shortage  of  steam  to  tell  the  engineer-in-charge 
where  the  trouble  lies.  On  some  boilers  draught-gauges 
connected  above  the  fire  and  between  the  top  of  the  fire 
and  the  back  end  of  the  boiler  serve  not  only  their 
legitimate  functions  but  also  show  at  once  when  the  boiler 
requires  cleaning.  We  have  found  this  to  be  even  a  more 
certain  way  than  relying  on  the  readings  of  thermometers, 
as  excess  air  tends  to  lead  one  astray  when  depending 
upon  the  thermometers  at  the  boiler  and  economizer 
dampers.  On  the  question  of  fuel  analysis,  we  now  buy 
coal  on  the  daily  figures  obtained  in  the  electricity  depart- 
ment laboratory.  The  staff  soon  get  expert  in  the  use  of 
the  bomb  calorimeter,  and  although  for  special  tests  we 
have  analysis  made  by  a  consulting  chemist  the  figures 
thus  obtained  approximate  vei"y  closely  to  our  own  results. 
The  average  calorific  value  of  the  coal  used  each  day  in 
our  boiler  houses  is  tested  on  the  following  day,  and  the 
efficienc\-  of  the  boiler  house  is  afterwards  worked  out. 
This  involves  water  meters  and  coal  weighers,  but  we 
have  now  got  reliable  apparatus  of  this  class  and  the  results 
obtained  enable  us  to  effect  economies  from  time  to  time. 
Setting  aside  a  special  boiler  for  testing  purposes  is  in  the 
right  direction,  but  the  personal  element  bulks  largely  and 
it  is  not  easy  to  get  the  right  class  of  man  for  this  work. 
A  standard  requires  to  be  set  up  as  to  what  is  really  meant 
by  the  efficiency  of  a  boiler.  I  agree  with  the  author  in 
adhering  to  the  higher  calorific  value  of  the  coal.  Manu- 
facturers who  are  desirous  of  quoting  their  boilers  as  being 
very  efficient  are  not  much  inclined  to  depart  from  the 
method  which  employs  the  lower  calorific  value.  I  think 
the  one  thing  that  ought  to  give  us  no  concern  in  testing  is 
the  accuracy  of  the  electrical  instruments.  Given  a  good 
local  laboratory  and  staff  the  risk  of  damage  to  the  instru- 
ments in  transit  from  the  National  Physical  Laboratory  is 


obviated,  and  that  means  a  great  deal.  Some  pronounce-  Mr.  Pai 
ment  is  wanted  on  the  exact  number  of  British  thermal 
units  in  a  kilowatt-hour.  Marks  and  Davis  put  it  at  3,415. 
Some  of  the  engineering  year-books  give  it  as  high  as 
3,420,  and  manufacturers'  figures  vary  from  3,411  to  3,415. 
We  have  found  that  the  rotary  air  pump  performs  its  work 
very  well,  but  some  forms  take  too  long  to  create  the 
vacuum  in  the  condenser  at  starting.  Where  steam  or 
water  ejectors  are  employed  this  trouble  is  greatly  re- 
duced. I  think  the  figure  of  1-3  lb.  of  air  per  1,000  lb.  of 
steam  is  much  too  high.  An  air  pump  capable  of  handling 
that  quantity  of  air  and  yet  only  being  called  upon  to  deal 
with  about  o'4  lb.  per  1,000  is  wasting  power  continually. 
A  better  arrangement  would  be  to  put  in  two  sets  of  air 
pumps  each  capable  of  dealing  with  o'5  lb.  per  1,000,  and 
to  run  only  one  under  normal  conditions,  the  other  being 
brought  into  service  when  there  is  excessive  air  leakage  or 
when  there  is  something  wrong  with  the  first  one.  On  the 
question  of  the  size  of  surface  condensers,  the  allowance 
of  I  square  foot  of  surface  for  every  5  lb.  of  steam 
seems  to  me  on  the  large  side.  Even  with  a  high  inlet 
cooling-water  temperature  where  K  has  to  be  increased, 
I  square  foot  to  6  lb.  should  be  enough  ;  and  where  the 
inlet  cooling-water  temperature  may  be  as  low  as  50°  F., 
7^  lb.  ought  to  be  condensed  per  square  foot.  The  co- 
efficient of  heat  transmission  referred  to  as  K  will  repay 
study.  For  instance  it  may  be  as  low  as  300  and  as 
high  as  1,000  B.Th.U.;  it  depends  upon  local  conditions. 
What  is  the  correct  value  of  K  for  one  job  is  probably 
quite  wrong  for  the  next.  The  tendency  when  the  cooling 
surface  is  not  specified  is  to  cheapen  the  condenser  and  to 
work  with  a  high  value  of  K,  thus  increasing  the  velocity 
of  the  coohng  water  through  the  tubes.  With  plant 
running  on  a  good  load  factor  this  may  mean  very  high 
pumping  costs,  and  as  a  rule  it  generally  pays  to  buy  more 
surface  and  keep  down  the  friction  head  against  the 
pumps.  The  author's  statement  that  a  comparatively  large 
condenser  will  run  longer  without  cleaning  appears  to  be 
at  variance  with  the  generally  accepted  idea  that  cooling 
water  passed  through  a  tube  at  a  high  velocity  will  have  a 
scouring  effect.  If  we  are  to  keep  up  the  velocity  of  the 
water  it  means  working  with  a  fairly  high  value  of  K,  and 
this  will  not  be  possible  if  there  is  a  large  margin  on  the 
cooHng  surface.  In  arranging  a  test  I  have  always  found 
it  pays  to  explain  the  whole  purpose  of  the  test  to  everyone 
taking  part  in  it.  It  stimulates  interest  and  the  assistants 
get  away  from  the  merely  mechanical  taking  of  readings. 

Mr.  D.  A.  Starr  :  The  author's  remarks  in  regard  to  the  Mr,  Sti 
importance  of  a  high  efficiency  of  turbo-alternators  re- 
gardless of  prime  cost  are  very  well  put,  especially  when 
illustrated  by  the  example  which  he  gives  on  page  109. 
Generally  speaking,  however,  the  very  thorough  tests  on 
different  units  of  plant  from  boilers  and  economizers  to 
auxiliaries  as  set  forth  in  the  paper  are  not  only  an 
excellent  indication  of  whether  the  contractors  have  ful- 
filled their  guarantees,  but  in  addition  good  results  at  the 
time  of  the  test  and  taking-over  of  the  plant  inspire 
confidence  in  the  minds  of  the  engineers  who  are  after- 
wards responsible  for  the  efficient  running  and  commercial 
results  of  the  whole  plant.  At  the  same  time  in  consider- 
ing the  purchase  of  generating  plant  I  think  that  high 
efficiency  is  not  the  only  feature  to  consider.  Higher 
efficiency  is  sometimes  obtained  at  the  expense  of   good 
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nirvlauK'iil  coiiktiuctkMi,  and  |^wd  rHuiriicy  con  ttc  ob> 
Uiiiod  MMiirluitc*  wllh  klilicr  cun>liu>.lioit  «iut  tictttrf 
cleifaiK'c  t>rltkrcu  luniiint:  (vtdv  rtc.     l'lii>  (r4(uic  kttuuM 

I,. 

It   .■  i 

lo  the  output  of  the  >i.*iiuii.      In  i.  iii;>  I  lie 

ci«»k  ot  fuel  V4tie»  not  only  iii  calu -.   i  .1  in  »i(c 

and  quality  al*o,  anil  il  cairlul  anjlyvit  i»  made  and  the 
sue  oi  ixvaI  kept  account  ol  urck  l>v  werk.  in  con|unclion 
with  tlic  liKid  Uclor  ol   llir  tUlion.    Ilie   output,  and  llic 
rr  ■; .    . 
IK. 

(«n  tun  ui   <  >   III  llic 

CO»t  pel  uiii:  it»  lot 

condiltonk.  II  nut.  tlicii  it  n  lor  the  engiiicvi>-in-i:liarge 
lo  6iid  out  the  weak  »pol  and  lo  remedy  any  defects. 
There  it  one  point  in  the  third  pitraiiraph  on  |iagc  i  ift 
which  1  cannot  uiider&tund,  viz    "in  li-'  'zr 

turbines  j  slctdy  stream  o(  conccniral>  is 

ai<  c-  incoming  water  and  the   tail   lucu    \vati.i   is 

ai  :    sail.'     I    do   not  quite   lollow    whether    the 

au  -.  the  conileiirin^  water.     In  conclusion,  I  am 

su:  .  >    all   heartily  in  accord  with  the  author's  sug- 

gestion at  the  bottom  of  the  Arst  column  of  page  117,  and 
especially  Ins  cloMng  remark  regarding  the  commissariat 
and  canteen  arrangcnienls. 

Mr.  J.  K.  Stothkkt  :  When  I  was  .1  yuuii)<  man  electrical 
engineers  discus>cd  chiefly  the  electrical  mJc  of  the  buM- 
ness,  but  a  few  yeais  later  they  began  to  tulk  about  cool 
consumption  and  steam  engines.  Tlic  minute  attcnliun 
now  given  to  such  matters  shows  that  the  high  el'ticiency 
of  modern  engines,  boilers,  and  power  plant  is  almost 
entirely  due  to  the  work  of  the  electrical  profession.  I 
propoMT  to  consider  more  particularly  the  section  of  the 
paper  dealini;  with  the  testing  of  boilers.  I  tliink  the 
author  "  jl  very  clearly  the  need  for  reliable 

and  ai.^  js,  such  as  we  would  all  welcome, 

but  1  think  I  caiiiiut  lay  too  much  stress  upon  the  need 
for  experienced  and  exjvrrt  observers.  Merc  theorelical 
and  book  knowledge  is  not  suflicient  to  ensure  accuracy  of 
result,  and  moreover  unless  the  methods  for  making  the 
vanous  measurements  required  in  boiler  trials  are  Stan- 
d.>rvli.'i.d  and  unless  the  principles  of  calculating  effi- 
>..l:.>..^>  arc  on  the  same  basis  then  the  results  apart 
from  the  accuracy  il  >ns  are  bound  to  l>e  dif- 

ferent and  (>ossibly  i;.  It  has  been  pointed  out 

by  Mr.  Wilson  on  p.i;;c  1  i''  mat  the  margin  for  improve- 
ment in  boiler  working  is  Kci'iiiing  narrower,  and  1  agree 
with  him  and  Mr.  Page  that  the  tendency  of  some  con- 
tractors' guarantees  is  to  "  creep  up  to  very  high  figures 
and  IS  due  more  to  competitive  pressure  than  to  scientihc 
di  .  \."  but   I  think  that  the  report  of  the  t.\>iii- 

li.  Institution  of  Civil  Kngincerson  tabulatiiif.;  llie 

Il  l>otler  trials  which  has  recently 

l'^.^  ;  to  by  engineers,  will  tend  to 

atlain  the  object  winch  tne  author  has  in  view  and  do  au*ay 
with  misleading  results  of  boiler  trials  which  I  much 
iic;M>.'i.jte.  1  think  the  author  along  with  other  ex(^rts 
utUches  rather  too  great  importance  to  the  ^^alue  of  CO. 
measurements.  The  CO,  records  whilst  luving  great  uses 
may  result,  I  think,  in  a  waste  of  money  instead  of  the   . 
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times  even  the  reverse.     On  page  iii  6uo' K.  i»  gl»cM  as 
the   normal  vr    '      "         "  "  ij 
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as  irom  lO.oixj  to  ^o.uoj  lb.  pci  iiuji 
very  exceptional.     There  is  a  go<.Ml  ili-. 
authors   desire   for   specially  designed  furiuces  for 
class  of  fuel,  but  I  am  afraid  that  this  is  ideal.     Ua^ 
tiirers  have  to  aim  at  an  average  plant,  and  I  siiould  . 
t    that    I    have 
.  lurnaces  (or  .1  ,   , 
piokivl   a  di^.i  tu  liic   stcaiii 

licular  kind  <-■!  i~   not    been    u 

become  impcKisible  lo  control  the  - 

The  drop  of  »  |>er  cent  in  the  Cu. „.  -- 

the  back  of  the  boiler  and  the  outlet  of  the  c^ 

points  to  excessive  air  leakages  in  the  economirci 

shows   the   advantages  of  decreasing   such   air   leakages. 

With  regard  t  . 

much  care  cai 

ment  M^uld,  1  tlunk,  be  a  g 
.At  the  top  of  page  iij  the  ;> 

that  the  test  sliould  l>e  started  3  days  alter  cleaning.  1 
assume  he  means  internal  cleaning,  and  that  it  would  be 
permissible  to  blow  the  soot  off  the  tubes  before  commenc- 
ing the  test.  On  the  ■  .:c  the  author  •"  "  ■'. 
during  the  test  any  rei;..  aid  be  done 
the  speed  of  the  gi  : 
the  lire.     With  a 

reduced.  '  1   the  tire  iowaitJ> 

grate  is  ii  .  1.  and  I  think  that  u 

run  before  the  official  trial  it  would  be  possible  to  rej; 
both  the  thickness  and  the  speed  assuming  that  the  ..^s.. 
was  of  fairly  average  quality  and  tlut   the  load  remained 

>:!eralion  either  of  the  speed  or 
ed 
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Mr.  Sdvcy.  hour  per  kilowatt  of  maximum  continuous  capacity. 
There  is  no  doubt  that  in  a  growing  station  *  the  load 
factor  of  the  last  new  machine  will  be  much  liigher  than 
that  of  the  station,  and  I  know  of  machines  which  week 
after  week  are  alwaj's  run  at  over  i)o  percent  machine  load 
factor — reckoned  on  normal  full  rating  (not  maximum  con- 
tinuous rating).  Tliis  results,  even  in  stations  where  there 
are  a  number  of  machines  of  similar  size,  in  the  most 
economical  machine  or  machines  supplying  most  of  the 
load.  Since  members  generally  insist  on  taking  my 
approximate  statement  as  intended  to  be  accurate,  I  should 
like  to  take  this  opportunity'  of  saving  that  in  most  cases 
for  machines  of  5,000  kilowatts  and  over  I  think  economy 
may  be  considered  well  worth  something  like  /,i  per  lb.  of 
steam  per  kilowatt-hour  per  kilowatt  of  maximum  con- 
tinuous capacity  (this  is  about  the  figure  actually  quoted 
b)'  Mr.  Lackie  for  the  6,000  kw.  machine).  If  the  load 
factor  does  not  appear  to  justify  such  a  high  figure  when 
the  machine  is  installed,  it  will  be  generally  found  on 
examination  that  the  active  life  of  the  machine  is  likely 
to  be  long.  There  are  cases  where  a  higher  figure  is 
justified. 

i\Ir.  Lackie  joins  with  the  heads  of  other  large  municipal 
undertakings  in  finding  a  considerable  field  for  smaller 
sizes  of  plant  than  those  mentioned  in  the  paper.  The 
questions  must  therefore  remain  at  issue  between  a  know- 
ledge of  existing  conditions  and  faith  in  the  immediate 
future.  I  shall  vi-atch,  however,  with  interest  the  proposals 
of  municipal  engineers  for  new  power  stations  for  the 
supply  of  towns  of  a  population  of  250,000  and  over. 
Engineers  have  been  very  much  influenced  and  handi- 
capped in  the  past  by  conditions  known  to  us  all,  but  in 
laying  out  new  schemes  they  have  a  much  freer  hand.  I 
note  that  Mr.  Lackie  is  in  favour  of  having  the  second  test 
12  months  after  the  initial  test,  and  that  he  would  agree  to 
the  contractor  examining  a  machine  before  the  latter  is 
tested  the  second  time.  He  does  not,  however,  think  it 
feasible  to  test  6  months  after  instalment. 

As  regards  the  length  of  reports,  I  have  found  it  better 
to  condense  these  documents  as  much  as  possible,  often 
to  a  single  sheet.  I  used  to  furnish  complete  records  but 
I  found  that  people  used  to  ring  me  up  on  the  telephone 
just  to  know  what  was  the  real  significance  of  the  results.  _ 
It  may  be  noted  from  the  discussion  in  various  centres 
that  my  statement  in  the  seventh  paragraph  of  the  paper 
is  strictly  correct. 

With  Mr.  Page's  remarks  I  find  myself  very  much  in 
agreement.  I  think  with  him  that  auxiliaries  are  now 
sufficiently  large  to  justify  an  intelhgent  interest  in  their 
efficiency.  I  am  afraid  I  shall  have  to  leave  the  question 
of  the  margin  open.  I  may  say  that  since  the  paper  was 
written  very  notable  advances  have  been  made  by  Mr. 
Fawssett.  One  of  the  most  troublesome  and  obscure 
errors  in  3-phase  meters  appears  to  have  been  largely 
overcome.  I  think  I  am  probably  correct  in  stating  that 
such  advances  would  not  have  come  about  but  for  demands 
made  by  the  Bonus  or  Penalty  Clause  inserted  in  the 
specification  of  a  machine  now  nearly  ready  for  testing, 
the  size  of  which  is  only  equalled  by  that  of  one  other 
machine  in  this  country. 

The  rate  of  obsolesence  of  boilers  is  less  than  that  of 
turbines  since  the  economy  largely  resides  in  the  econo- 
•  See  Mr.  Page's  remarks. 


mizer,  if  the  boiler  can  be  run  steadily.     In  some  cases,  Mr.  Seivey 
however,  the  boilers  though  efficient  are  obsolete  owing 
to  their  low  pressure  and  superheat. 

Mr.  Page's  figures  are  interesting  and  welcome.  Makers 
of  large  gas  engines  are  now  being  called  on  to  guarantee 
long  periods  of  running,  and  one  maker  puts  forward 
figures  showing  only  one  stop  of  50  hours  in  a  running 
period  of  4,525  hours,  i.e.  98-8  per  cent  of  the  full  time.  I 
suppose  most  makers  of  turbines  would  consider  their 
products  to  be  as  reliable  as  gas  engines. 

As  regards  COj  apparatus,  its  application  certainly  must 
be  watched.  An  occasional  sample  of  ashes  analysed  for 
unburnt  carbon  is  a  useful  check.  There  is  a  maximum 
thickness  of  fire  which  can  be  used  for  the  generation  of 
COj  from  carbon  ;  any  increase  of  this  thickness,  without 
using  such  a  draught  as  results  in  lifting  fuel  off  the  grate, 
automatically  reduces  a  portion  of  the  already  formed  CO, 
to  CO.  It  is  practically  impossible  to  supply  additional 
air  over  the  fire  in  such  a  way  as  absolutely  to  ensure  the 
recombu'stion  of  this  CO.     This  is  generally  understood. 

Mr.  Page  and  others  have  made  out  a  case  for  local 
standardizing  laboratories,  principally  owing  to  the  trans- 
port trouble.  I  do  not  think,  however,  that  any  institu- 
tion can  suitably  overlap  with  the  National  Physical 
Laboratory,  whose  experts  are  very  willing  to  take  con- 
siderable interest  in  important  cases  such  as  are  under 
discussion.  I  rather  incline  to  the  solution  suggested  at 
Birmingham  and  Manchester  that  each  power  undertaking 
should  develop  its  own  sub-standards,  as  of  course  has 
been  done  in  Newcastle  to  a  very  considerable  degree. 
The  National  Physical  Laboratory  will,  however,  always 
be  the  ultimate  standard  of  reference,  especially  in  cases 
which  will  be  known  as  independent  tests. 

I  note  with  great  interest  that  Glasgow  is  able  to  buy 
coal  on  analysis.  As  regards  the  "  lower  "  calorific  value, 
it  may  be  of  interest  to  state  that  I  recently  had  to  define 
the  expression.  After  consulting  over  20  authorities  I 
came  to  the  conclusion  that  there  is  no  such  thing.  There 
are  at  least  four  ways  of  reckoning  the  allowance,  and  a 
varying  selection  from  these  is  often  arbitrarily  made  at 
different  places  in  the  same  text-book  or  report. 

As  regards  steam  calculations,  I  always  now  use  the 
figure  given  by  Marks  and  Davis.  The  differences  arise 
from  using  different  "  calories."  Marks  and  Davis  have 
adopted  the  mean  B.Th.U.,  which  is  i/i8oth  of  the  total 
heat  between  32°  F.  and  212°  F.  having  regard  to  the  vary- 
ing specific  heat  of  water. 

As  regards  air-pump  overload  capacity,  I  take  Mr.  Page's 
remarks  as  tending  to  support  what  I  have  said  about  the 
steam-jet  system,  and  I  am  inclined  to  indulge  in  that  now 
famous  expression  "  Wait  and  See."  Mr.  Page  seems  to 
have  appreciated  points  behind  my  short  note  about  "  K" 
which  have  been  so  far  passed  over.  It  has  been  thought 
that  I  put  forward  K  =:  450  as  a  high  value.  It  really  must 
be  read  in  correlation  with  other  data.  It  is  quite  easy  to 
increase  it,  and  the  otlier  data  are  given  as  a  warning 
against  this.  It  is  growing  on  me  by  accumulation  of 
evidence  that  a  high  value  of  K  is  often  associated  with 
bad  scaling,  especially  where  sulphates  are  present  in 
quantity  in  the  water.  The  high  value  of  K  is  associated 
either  with  a  high  steam  velocity  and  consequent  friction 
loss  on  the  steam  side,  or  with  a  high  water  velocity.  It 
does  not  appear  that  the  high  water  velocities  sometimes 
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In  reply  to  Mr.  StArr,  I  note  that  he  aflfirms  the  \-uluc  of 
the  inilul  tC!>ts  to  those  who  have  af  lerM-ards  to  oiierate  the 
plant.  This  aspect  of  the  question  was  very  fully  discussed 
at  the  meetini!  of  the  Yorkshire  Local  Section.*'  One 
repeatedly    '  opinion   cxpri— >cil    that    there    is 

necessarily  .^   ri>ky  about    t-ltHu-ncv       M;inv   of 

the   principal   icvcnl  ilifl'icultics  wr.  > 

have   no  connection  whatever  with  of 

these  have  been  due  to  the  cracking  ol  casings  carrying 
highly  superheated  steam  in  one  section  and  exposed  to 
lower  temperatures  in  another.  Others  have  been  due  to 
expansion,  vibration,  lubrication,  insulation,  and  other 
nutters.  I'crlups  what  is  in  Mr.  Starr's  mind  is  the  fact 
ttiat  certain  makers  of  reaction  turbines  in  the  past 
attempted  t>>  use  very  fine  clearances  over  the  high- 
pressuri  :  >.     In  my  connection  this  has  not  been 

left  to  t:  ,  -  ~  for  some  time,  the  minimum  clearance 
having  been  specibed.  There  is  no  reason  why  clear- 
ances less  than  5  or  6  hundredths  of  an  inch  need  be  aimed 
at  in  large  modern  turbines,  the  effect  on  the  efticiciicy 
being  almost  negligible. 

As  regariU  '.he  question  of  the    s;ilt    method  of  testing 
lar-^e  water  turbines,  I 
Kr.iiice,  where  many  ■  : 

power  took  their  rise.  A  saturated  solution  o(  salt  is  pre- 
pared in  a  large  tank,  and  is  then  pumped  at  a  regular  rate 
into  the  water-supply  pipe.  It  is  asisumed  that  by  the  time 
this  water  has  arrived  at  the  tail  race  the  two  streams  have 
got  uniformly  mixed.  The  ratio  of  the  concentr.ition  of 
tin  to  the  c  n  of  the  ^alt  to 

ttu  1  by  the  I..  solution  added, 

^r.  .1  late  oi   water  flowing  i 

1  .       ■  '  Mr.  Stothcrt.  1  quite  a^ 

given  by  the  electrical  profession  has  resulted  in  the  high 

efficiency  of  modern  engines.     This  is  because  power  has 

become  a  "  raw  material."     1  cannot  agree,  however,  with 

•  !•»«€  i.>i. 


fi   p. 


I  ■  '1 11. 1  ^ ,  1 
ineiits  I 
lie  I 
111)1" 


per  square  Ic 
for  a  high  du' 
of  an  ample  ' 
think  that  6uu    i 
As  regards  the  \ 


trucks  or   bai . 
up  with  a  lill  '    .., 
to  hear  of  the  devices  which  have  ' 
power  stations  fur  protection  in  I' 
By  the  expression  "  cleaning  '. 


lOanCc*  I 
.'  I,  since  power 

1 

■1 
:  at  vanoo* 

1  mean  what 


..an    U  ' 

cleaning  ■ 

the  removal  ol   all  slag  Irom   li. 
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already   mentioned   tliat   the   internal    scale    should    not 

exceed  1/32  inclu 

1  must  contiriii  my  sUtement  that  the  thickness  of  the 
lire  shoiil  ' 

grates. 

need  be  made  as  ..  ' 

the  lire  near  the  d..;    , 

as  Mr.  Stotherts  remarks  suggest,  that  11  there  is  a  desire 
on  anyone  s  part  to  obscure  the  results  it  is  very  easy  for 
him  to  do  so.  In  the  classes  of  grates  where  the  thickness 
depends  on  the  speed,  It  IS  lu  .  -rnt  before- 

hind  III  order  to  find  the  coi  to  leave  it 


similar  points  that  1   Ua 

and   final-temperature    i:. 

possible  as  the  higher  hmit  of  efficiency  I 

curves   given.     In   some  cases  a  boiler  p<.i.^ ■ -» 

been  specified  based  on  these  measurements  and  the  total 
evaporation. 

!  conclusion    I  niu^t  thank  very  much  those  who  have 
;  for  the 
Many  1 
properly  to  the  realm  ol  power-s: 

the  reason  why  the  discussion  is  ^     

paper  itsdf.     I  have  endeavoured,  li^-wcver,  to  answer  all 
the  questions  to  the  best  of  my  ability. 


748 


ASSOCIATE   MEMBERSHIP   EXAMINATION    PAPERS. 


EXAMINATION     PAPERS     SET     AT     THE     ASSOCIATE     MEMBERSHIP 

EXAMINATION,    APRIL,    1915. 


ENGLISH   ESSAY. 

Examiner:  C.  C.  Hawkins,  M.A.,  M.I.E.E. 

{Time  alloived  :  3  liours.) 

INSTRUCTIONS. 

Not  more  than  two  queslioiis  to  be  answered.  One  essay 
0/  merit  if  ill  siitfice  to  obtain  a  pass. 

The  maximum  number  of  marks  obtainable  is  the  same 
for  eaeh  question. 

Marks  will  be  awarded  for  grammar,  spelling,  punctuation, 
clear  and  simple  style,  orderly  presentation  of  facts  or  argu- 
ments, and  power  of  expressing  ideas  in  good  English.  Can- 
didates are  not  necessarily  required  to  have  special  or  technical 
knowledge  of  the  subject-matter  of  their  essays. 

1.  Discuss  the  effect  on  civilization  of  any  one  great 
invention. 

2.  Describe  what  you  consider  to  be  the  best  training 
for  an  electrical  engineer. 

3.  What  are  the  chief  points  on  which  electrical  and 
magnetic  properties  and  laws  find  analogies  in  mechanics 
and  hydrauHcs,  and  how  far  are  these  analogies  true  or 
practically  useful  ? 

4.  Estimate  the  influence,  good  and  bad,  of  newspapers. 

5.  Write  as  full  an  account  as  you  can  of  the  electron 
theory  from  a  popular  (not  mathematical)  standpoint. 


TRANSLATION    FROM   FRENCH. 
Examiner:  H.  BoRSS,  Ph.D.,  A.M.I. E.E. 

(Time  allowed  :  3  hours.) 

{Particular  attention  must  be  paid  to  clearness  of  expres- 
sion and  good  construction  as  well  as  to  correct  translation.) 


Des  ie  debut  de  I'application  des  courants  alternatifs  au 
transport  de  I'energie  a  distance,  les  electriciens  s'inge- 
nierent  a  remedier  aux  inconvenients  que  presente  le 
decalage  de  phase  entre  Ie  courant  et  la  tension  de  la  ligne 
at  des  alternateurs.  Ces  inconvenients  sont  bien  connus 
et  il  nous  sufhra  de  les  rappeler  brievement. 

La  puissance  fournie  par  une  generatrice  ou  transmise 
par  une  ligne  n'est  limitee  que  par  leur  echauffement ; 
celui-ci  est  proportionnel  au  carre  de  I'intensite  efficace 
et  independant  de  la  phase  du  courant,  tandis  que  la 
puissance   reelle   varie  seulement  comme  la  composante 


du  courant  en  phase  avcc  la  tension.  A  ce  premier  point 
de  vue,  on  voit  immcdiatcment  que  les  alternateurs  et  les 
canalisations  seront  d'autant  mieux  utilises  que  le  facteur 
de  puissance  sera  plus  voisin  de  I'unitc. 

En  second  lieu,  pour  une  meme  intensite  eflicace,  la 
chute  de  tension  le  long  d'une  ligne  presentant  de  la  self- 
induction  est  plus  grande  lorsque  le  courant  est  decale  en 
arriere  de  la  tension  d'utilisation  que  lorsqu'il  est  en  phase 
avec  elle  ou  decale  en  avance. 

Enfin,  en  ce  qui  concerne  la  reaction  d'induit,  le  courant 
dewatte  a  une  action  directement  opposee  a  celle  du 
courant  inducteur,  tandis  que  le  courant  watte  produit  un 
flux  de  reaction  transversal,  de  sorte  que,  pour  maintenir 
constante  la  tension  aux  bornes  des  alternateurs,  il  est 
necessaire  d'augmenter  beaucoup  plus  le  courant  d'excita- 
tion  lorsque  le  facteur  de  puissance  est  faible  que  lorsqu'il 
differe  peu  de  I'unite. 

La  principale  cause  d'un  mauvais  facteur  de  puissance 
reside  dans  I'absorption,  par  les  transformateurs  et  surtout 
par  les  moteurs  d'induction,  de  courant  en  quadrature  pour 
la  production  de  leur  champ  magnetique.  Ce  courant 
reactif  augmentant  relativement  peu  avec  la  charge,  il  en 
resulte  que  le  facteur  de  puissance  est  plus  petit  a  vide,  et 
a  faible  charge  qu'a  pleine  charge. 


B. 

Nous  avons  expose  dans  une  note  recente,  les  premiers 
essais  que  nous  avons  entrepris  dans  une  voie  nouvelle 
pour  accroitre  les  champs  magnetiques  donnes  par  les 
electro-aimants  de  nos  laboratoires.  L'augmentation  des 
champs  magnetiques  obtenus  jusqu'ici  est  arretee  par  la 
saturation  du  fer  et  I'echauffement  des  bobines  electriques. 
Nous  nous  sommes  propose  d'accroitre  surtout  le  champ 
du  au  seul  courant  electrique,  et  nous  avons,  d'une  part, 
essaye  un  nouveau  mode  de  rcfroidissem.ent  des  bobines, 
qui  permet  I'emploi  de  courants  plus  intenses  ;  et,  d'autre 
part,  nous  avons  place  ies  bobines  elles-memes  dans  la 
position  qui  leur  assure  I'effet  maximum,  c'est-a-dire  dans 
I'entrefer  et  son  voisinage  immediat. 

La  note  actuelle  donne  quelques  details  inedits  sur  ces 
premiers  ess.iis  et  met  en  relief  une  de  leurs  consequences. 
On  peut  affirmer  la  possibilite  d'avoir  des  champs  mag- 
netiques beaucoup  plus  grands,  egaux  ou  meme  superieurs 
a  100,000  gauss.  II  suffit  d'agrandir  les  nouveaux  appareils 
en  conservant  leurs  dispositions  generales  et  de  leur  fournir 
le  supplement  d'energie  electrique  et  de  liquide  refrigerant 
exige  par  leurs  dimensions  et  par  I'accroissement  du 
champ. 

Les  premiers  appareils,  par  raison  d'economie,  ont  ete 
tres  petits  ;  mais,  ainsi  que  dans  tons  les  cas  semblables, 
avec  des  modeles  plus  grands,  la  construction  et  I'excita- 
tion  electrique  sont  beaucoup  plus  faciles.  D'apres  la 
regie  de  Kelvin,  applicable  aux  bobines  avec  ou  sans  fer, 
lorsque  toutes  les  dimensions  croissent  proportionnelle- 
ment,  le  champ  magnetique  reste  le  meme,  a  condition  que 
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Id  ;'•  —  -''■''  T   vj  uii  4H.  u _..     ...  .  .. 

L-'  uiaUoti    >|H..itu|uo   tl  uii    Id    .. 

(ainjiiic    iiiaii>,  a  uuMr  ilr   Ia  (oiIc   xrlf   cii  -iju-  j\t<.    ij!> 
Ic   Ijitrur   lie    pui^^.tiicc  t-kt   lailtic      l>aii»    I  e&ciii|<U'    que 
nou»  avoii>  ' 

1..^   tCIIMC:  :  .irC    .tlllimr    LUljJTOCIlIt 

iiKMiis  \  ce 

ntt,  i\u  ,  „  ;"■• 

I'lie  diiiiiiiulion  dc  |mc>aioii  j  (vtrtir  de  U  pic»iuii 
m,,.  ...,(,.  ..  jup  peniict  dc  dimiiiucr  U  tension  d'aliinciiU- 
III  Ut.'lcur  dc  puusjucc  iic  sultil  p.i»  dr  \aii.ilion 

no(.ii>ic       i>r  plu>,  \a  -  I   spccitiquc  daiit  Tare 

aujjinrnlr  i|U4iu1  U  ]  ^c-. 

'  '11  a   partir  dc  Li  pns>ion 

a!  int    dc    vuc  dc   la  U-iiMon 

C'  lUnii  1  jnc,  a  uiic  auKiiiciilatioii   de   lon;>ucur 

*«.>..  ,  -:oii  constantc.  I. 'experience  monlre  quil  c»l 
birn  prclcrabic  d'auginenter  la  pres!>ion.  Le^  pointer  au 
railuniage  diminucnl  et  fiiii^sent  p.ir  disparaitre  aux  pres- 
itons  plus  clevccs. 

1.  Usage  des    p  ^ic   au    autre 

avaiitagc  :   la  cui.  ,  .  ..ic  quaiid  la 

prcvsjon  augiHciilc. 

II  faut  cvitcr  autant  que  possible  les  coudcs.  L'n  tul>e 
droit  est  preferable  a  un  lube  rccourbc,  un  tube  large  a  un 
lube  ctroit. 

L'arc  elanl  cteiut,  le  rallunia^e  iie  peut  avoir  lieu  que 
si  Iclectrode  qui  doit  devenir  cathode  est  restce  a  une 
lcni[Wrature  suftsaiitc  a  la  fin  dc  la  pcriudc  d  cxtinclion. 
Ur,  lai. .  la  diminution  dc  la  surface 

libre    (..  .ilatiun   dc   la   prcssion    dc 

\a;i.'.ii  uiit  L<^':]i>iic  1  csuiui  1  augmentation  dc  la  tcniftcra- 
lurc  ilc>   I  111.  I. '  odes. 

D. 

I\)iir  ctudicr  •.:  ni-nc   cicctrique  ou  ma^ncliquc 

rui'Klcnienl    v.ir!.>  iiinc    lintcnsitc   du    courant   de 

dccharge  d'un  condcnsatcur  dans  les  conditions  oil  Ton 
sen  scrt  CII  tclcgraphie  sans  fil,  on  peut,  coinmc  on  sail, 
utiliscr  un  tube  a  rayons  cathodiques  (tube  de  Braun),  soil 
setil,  siiil  associc  au  miroir  tournanl.  Tel  qu'on  I'cniploie 
d'ordinaire.  le  tube  de  Hraun  pcrmct  aussi  dciiregistrer 
ltr~  ccux-ci    sont    traduils   sur 

l\  .c  faisccau  cathodique  par 

uiic  courbe  luniincuse  dc  lorme  invariable  ;  il  c^t  .tlor> 
p — iMc  dc  la  photojjrapliicr  avcc  un  apparcil  :-!,.!  'la- 
pli.il.if  ordinaire  cii  pmLnigcaiit  la  pose  assc.< 

Mais  un  tcl  proccdc  c>t  inapplicable  a  reiii>.^>^iii>iicnl 
dun  phcnomcne  non  pcriodiquc  a  variations  rapidcs,  par 
suite  du  pcu  d'cclat  de  la  courbc  obtenue.  I'ai  done 
cherchc  a  rcaliscr  un  tube  a  rayons  i-alhodiqin-^  i|ui 
prmutlt  •!  "bicmr  sur  unc  pbqiic  p' 
trtnu-iu    iliivcl    de     la     vari.itioii     <1  . 

^ique  ou  non,  el  applicable  a  des  rechercnes  sur  U 
i<..>.^i jphic  sans  lil. 


MKCHANICS,    IMIYMCS.   ANU  CMKUISTKY. 

f  i^r«  .jii.iiJ.iL  mu^i  ukt  S«ttomA  Itgtiktr  wtiM  alktr 
•I  H  or  Stiltom  C. 

(Jimt  ollinnU .  jhomtt.f 

Sectiox  a.    AIM'l.lKl)   VIKCilANICiv 

Etamiiier.  l>ttL.¥r.-^>it  ii.  T.  Davidgis.  aSc..  U.I.K.K. 

(.\'i>/  more  than  \rnvu  qutitiomi  lo  be  0mMr€reJ.) 

I.  \V!iat  do  you  underst.<  Principle  of  Work  ? 

Give  suiiic  examples  of   its  ..,  ,  i. 

I'wo  railway  carriages  are  connected  by  a  right-  and 
Icfl-liandcd  screw  coupling.  Given  th  -.'  ""-  •-•.^U  of  each 
Is  ^  inch  and  tlut  the  length  of  the  ;•  lever  is 

iS  iiiclics,  lind  with  u'        . 

pic>scil   when   a  pull  •  :  '■ 

llic  lever.     I)  >.    li.c  cIu<.k:uc> 

of   liie  mcchj: 

a.  Wliat  are  the  applications  of  the  Triangle  of  Fonoes  ' 
The  wall  of   a  ;  .: 

crane  consisting  •  :    . 
the  side  A  C  i>  vertical,  and  i^  >. 

mitting  rotation,  and  the  side  H^  -i 

slopes  down  from  A  to  B.  If  AC ^4  feel  and  HC^  li 
feet,  calculate  the  loads  on  the  members  A  B  and  BC  for 
each  ton  lifted.  Wlut  are  the  reactions  at  the  points  of 
support  ? 

3.  W'liat  is  the  condition  for  stability  against  oxtriuming, 
e H-  in  the  case  of  an  omnibus  standing  near  the  edge  oi 
a  cambered  road  ? 

A  <ma!l  round  l;»hlc  havmj;  n  top  it*  inches  in  diameler 
is  M.  ■     ■         ■ 

an   I  .  1 

length.    Tlic  table  w*eighs  5  lb.     Find 

(a)  the  1  c where  on 

the  it. 

(b)  the  greatest  weight  which  may  t>e  placed  on  the 

edge  of  the  table  so  as  just  not  to  overturn  it. 

4  .\  spiral  spring  hanging  from  a  beam  carries  a  hook 
of  negligible  weight  at  its  lower  end.  If  a  scale-pan 
wxighing  8  lb.  is  attached  to  the  hook,  the  spring  is 
obser»-ed  to  extend  1  inch.  Increments  of  load,  each 
of  4  lb  '   d  to  the  -  wh>.le 

added    1  Mot     t  1    the 

^tl  lU  luc  acalc- 


It  at  any  time  one  ul  the  4  lb.  in. 
jerked  off  the  scale-pan,  the  lower  c: 
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oscillate.    Describe  the  nature  of  the  oscillation  and  state 
what  will  govern  the  number  of  vibrations  per  second. 

5.  Distinguish  between  Velocity  and  Acceleration.  A 
mass  weighing  100  lb.  is  placed  on  the  floor  of  a  lift 
which  descends 

(a)  with  a  constant  velocity  of  2  feet  per  second, 
(6)  with  a  constant  acceleration  of  2  feet  per  second 
per  second. 

What  is  the  pressure  on  the  floor  of  the  lift  in  each  case  ? 

A  train  weighing  200  tons  is  started  froin  rest  by  a  loco- 
motive and  finally  reaches  a  steady  speed  of  30  miles  per 
hour.  How  is  the  energy  supplied  by  the  locomotive 
expended  both  while  acceleration  is  going  on,  and  later 
when  a  steady  speed  is  attained  ?  How  much  energy  in 
foot-tons  is  theoretically  recoverable  from  the  train  ? 

6.  Explain  the  term  Centrifugal  Force.  Give  the  reason 
for  the  super-elevation  of  the  outer  rail  of  a  railway  and 
calculate  its  value  in  the  case  of  a  train  running  at  30  miles 
per  hour  on  a  curve  of  900  ft.  radius,  the  gauge  being 
assumed  to  be  5  feet  in  width.  How  is  turning  effected 
in  the  case  of  a  motor  weighing  4,000  lb.  describing  a 
circle  of  300  ft.  radius  at  a  speed  of  30  miles  per  hour  on 
a  level  meadow  ?  What  is  the  minimum  value  of  the  side- 
frictional  grip  between  the  wheels  and  the  ground  ? 


Sectiox  B.     physics. 

Examiner  :  Professor  H.  T.  Davidge,  B.Sc,  M.I.E.E. 

{Not  more  than  four  questions  to  be  answered.) 

1.  State  and  explain  a  fundamental  law  which  connects 
the  pressure,  volume,  and  temperature  of  a  given  mass 
of  gas.  Show,  with  the  aid  of  a  slvctch,  how  you  would 
demonstrate  its  truth  in  the  case  of  air. 

The  air-chamber  of  a  torpedo  has  a  volume  of  10  cubic 
feet.  How  many  pounds  of  air  can  it  contain  at  a  pressure 
of  2,000  lb.  per  square  inch  and  at  a  temperature  of  60°  F. 
if  one  pound  of  air  occupies  12-38  cubic  feet  at  32''  F.  and 
at  atmospheric  pressure  (147  lb.  per  square  inch)  ? 

2.  State  clearly  the  phenomena  which  occur  when  sounds 
from  distant  church  bells  travel  to  a  listener's  ear.  What 
difference  in  construction  and  transmission  causes  the  note 
heard  from  one  bell  to  differ  in  pitch  from  that  heard  from 
another  ? 

Describe  the  details  of  an  experiment 

(a)  to  determine  the  velocity  of  sound  in  air, 
(6)    to   prove   that  all  sounds  travel  with  the  same 
velocity  in  air  irrespective  of  pitch  and  loud- 
ness. 

3.  It  is  known  that  an  equation  of  the  form  H  =  con- 
stant X  P  R  /  enables  one  to  calculate,  in  suitable  units,  the 
heat  developed  when  a  current  I  passes  through  a  resistance 
R  for  a  time  t  seconds.  Describe  in  detail  an  experiment 
by  which  the  value  of  the  constant  expressed  in  calories 
can  be  found.  What  would  be  the  relation  between  the 
constants  if  H  were  also  expressed  in  British  Thermal 
Units  instead  of  calories  (i  lb.  =  454  grammes)  ?     When  H 


is  calculated  for  a  given  wire  state  generally  what  pheno- 
mena have  to  be  taken  into  account  in  calculating  the 
temperature  reached  by  tlie  wire  ? 

4.  Give  a  simple  skctcli  of  the  working  part  of  a  moving- 
coil  galvanometer. 

A  rcclangular  coil  wound  with  100  turns  of  very  thin 
wire,  hangs  with  the  longer  side  vertical  in  a  uniform  hori- 
zontal magnetic  field  of  strength  4,000  units  and  with  its 
plane  in  the  direction  of  the  field.  The  rectangle  has  a 
mean  height  of  8  cm.  and  a  mean  width  of  2  cm.  Rigidly 
attached  to  the  coil  is  a  horizontal  arm  20  cm.  long  carry- 
ing at  its  end  a  pencil  marking  on  a  paper  drum.  What 
is  the  greatest  frictional  resistance  in  dynes  between  the 
paper  and  pencil  which  can  be  overcome  by  a  current  of 
one  milli-ampcre  in  the  coil  ? 

5.  What  do  you  understand  by  the  focus  of 

(a)  a  converging  lens, 
(6)   a  diverging  lens, 
(c)    a  concave  mirror  ? 

How  would  you  determine  experimentally  the  distance  of 
the  focus  from  the  lens  in  case  (a)  ? 

Considering  a  searchlight  as  an  example  of  case  (c),  show 
by  a  sketch  how  the  carbons  of  an  arc  lamp  are  situated 
relatively  to  the  mirror  in  order  to  emit  a  strictly  parallel 
beam.     What  is  the  best  form  for  such  a  mirror  ? 

6.  What  is  meant  by  the  Coefficient  of  Linear  Expansion 
of  a  solid  ?  How  could  you  determine  experimentally  that 
of  iron  ? 

If  a  bar  of  iron  10  ft.  long  has  its  temperature  lowered 
40°  C,  by  how  much  does  it  shorten  ?  If  such  a  bar  were 
clamped  at  its  ends  between  absolutely  unyielding  supports 
and  its  temperature  were  lowered  40°  C,  what  data  would 
you  require  in  order  to  calculate  the  stress  produced  in 
the  bar  (coefficient  of  linear  expansion  of  iron  =  o'ooooi2 
per  degree  Centigrade)  ? 

Section  C.    CHEMISTRY. 

Examiner:  Professor  H.  Jackson,  F.C.S. 

{Not  more  than  four  questions  to  be  answered.) 

1.  Give  a  short  account  of  the  modes  of  preparation  and 
of  the  chemical  properties  of  the  oxides  of  sulphur. 

2.  State  what  you  know  of  the  different  forms  of  phos- 
phorus, and  describe  any  experiments  in  which  you  have 
seen  them  used. 

3.  Give  a  short  description  of  the  preparation  and  chief 
properties  of  ozone.  What  do  you  understand  by  the 
statement  that  Ozone  is  an  endothermic  substance  ? 

4.  Write  a  short  essay  on  one  of  the  following 

{a)  the  structure  and  nature  of  flames, 
(6)  osmotic  pressure, 
(c)   diffusion  of  gases, 
{d)  electrolysis. 

5.  What  are  the  chief  constituents  of  ordinary  coal-gas  ? 
Briefly  describe  the  method  you  would  use  to  identify 
those  which  you  mention. 
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tt.  Si4tc  conciiely  wlul    you  coiiktdc<    lia|<|Kiu   «khcii 
cbiudiic  u 

(.t^  p3«<«1  into  nn-!r->(i-  fv»».>»»iuin  luduic, 
Wlierv  pokkible  write  equations. 


HLKCTKICITY  Sl'I'I'LY  :    IJKNKUATION.  TRANS 
MISSION.  AND  UISTKIHLTION.    (Fiusr  I'ai»k.) 

Examiner:  P.  V.  HuxTEH.  U.I.E.E. 

{Timt  allowfd  :  3  keurt.) 

(S'ol  morr  rt.io  EUJHT  iiufitioHS  to  ht  ansietreJ.) 

I.  What  i-  tilt    M'.iilv  pbnt  load  faclur  of  a  gcnerutint; 
station  1  500  kw.,  one  i.uoo  kw.  and  tMu 

4,000     k\%      ^iiii.iaii'1 ->.    the    total    annual    output    l>citi^ 
43,800.000  units  ? 

t.  Ivicfly  tlic  arrangcnitiil^  you  would  provulc 


for 
aU 


'le  apparatus  in  a  hi^li-tcnsion   sub-station, 
.:crin}<  the  sub-station  bcin)(  bare  conductor 


ovcrluaii  luiLS. 

3.  What  is  the  function  of  the  equalizer  connection 
between  compound-wound  continuous-current  generators 
operating  in  parallel  ? 

4.  Slate  the  number  of  turbo-alternator  sets,  and  the 
maximum  output  of  each  set,  which  you  would  install  in  a 
generating  station  designed  for  a  maximum  load  of 
40,0i.)o  kw.  and  a  minimum  load  of  30,000  kw.  Mention 
the  advantages  of  your  proposal. 

5.  Two  three-phase  watt-hour  meters  each  tilted  with 
hourly  maximum  demand  indicators  are  connected  in 
series  in  a  consumer's  service  cable.  If  the  meters  arc 
arranged,  one  so  as  to  register  energy  and  the  other  so  as 

to  rcjjistcr  t!;t  nt  of  the  kilov'  '  ^- 

lK'ur>,  vvlial  ::  induced  from  I.  ^^ 

of  the  two  insU  uiucuts  ; 

6.  Draw  a  diagram  showing  the  connections  of  a  seh- 
starting  rotary  converter  complete  with  its  transformer. 

7.  The  internal  losses  of  a  constant-potential  transformer 
operating  at  normal  frequency  and  voltage  are  10  watts  at 
no  load,  and  35  watts  at  full  load.  Clivc  an  approximate 
calculation  of  the  losses  at  twice  the  full  load. 

8.  Why  is  it  desirable  to  provide  a  run-away  governor 
on  a  rotary  converter  which  is  converting  energy  from 
continuous  current  10  alternating  current  ? 

9.  Descnbe  and  illustrate  by  a  diagram  any  form  of 
automatic  equipment  which  will  disconnect  a  faulty  feeder 
from  a  transmission  system,  the  equipment  being  of  such  a 
character  that  it  it  not  operated  by  faults  external  to  the 
feeder. 

10.  An  overhead  line  has  at  full  load  a  fall  of  potential, 
the  resistance  and  reactance  components  of  which  are 
3  per  cent  and  4  |<er  cent  respectively  of  the  voltage  at 


II,  A  lit);li.lciikiuii  IrsiikiuikkUNi  cable  ttavui<  a  CoaOaal 

,>an 


II    u    . 

Iw-,l,i, 

Mil  the  c  > 

10 

Hopl 
amouiii 

"y ' 

..  V^  -      ^^  ;i-»i   I 

?   lui 

-  ..ic   LMiiJicvted  for  a 


L      ».  1 1  IX.  I 


KLECTKICITY   SL'I'HLY:    tlENEUATION,   TRANS- 
MISSION,  AND   DISTUIBUTION.    (Secosu  fAi-tn) 

Examiner:  P.  V.  HlSTER,  M.I.E.K. 

(Time  alleged  :  3  hourt.) 

[Sot  more  than  eight  qu<Uion%  to  bt  amytt-ereJ.) 

I    When  a  number  of   synchronous  altei  ent 

.J.  ■  ■■:  in  parallel,  what  i>  !  of 

,  on  the   load  oi  any   particular 

gciieiatm  .' 

a.  Draw  a  diagram  showing  the  connections  and  equip- 
ment you  would  provide  in  a  sub-siation  in  order  to 
transform  •  ree- phase  to  440  volts  Ihrce- 

p|,.,,.j.   if  i>  to  1>e  1.000  k.vjL,  and  the 


3.  What  is  the  distinction   between  a  rotary  converter 
and  a  motor  converter  ? 

4.  A  3-wire  3  ph.tse  overhead  line  and  a  3-corc  3-phaie 
underground  cable  of  equal  length  and  sectional  area  per 

!  each  having  copper  conductors,  are  con- 

11,1  at  their  ends  in  a   vphase  alteTnj!::if;- 

cull  lilt  I  :  ^ystem.     Which  will  L  '      '--ir 

current.    .  *iil   be  the  effect   on  ' 

I   current  of  increasing  the  frequency  ? 

5.  .\n    I  •  '      V      -" 
rating  st.> 

an  increased  iiiamiuaui 
to   be   given  as  Ihree-p 

I  rent  Wliai  equipment  would  y> 
maximum  economy,  adequate  ii 
miuiiimiu  expenditure  ? 

6.  What  is  '. 
I    the  circuit  01  i 

winding  is  carrying  current  ? 


■.;ene- 
1    : 


7.  State,  in 
governing  thi 
pliasc  public 
steam-driven  '..-. . 


.Iions 
lii  ce- 
lling   iUliou    equil'lted     with 
-I ». 
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8.  Draw  a  diagram  of  the  test  j'ou  would  apply  in  order 
to  locate  an  earth  on  one  core  of  a  3-corc  cable. 

9.  It  is  desired  to  take  out  of  service  a  high-tension 
feeder  and  add  a  "  tee "  connection  to  it.  St.ite  the 
sequence  of  operations  to  be  carried  out  before  the  jointer 
is  allowed  to  commence  work  on  the  feeder. 

10.  A  3-core  three-phase  feeder  five  miles  long  working 
at  a  potential  of  10,000  volts  between  conductors  at  the 
generator  end  has  a  voltage  drop  due  to  resistance  of 
20  volts  per  mile  in  each  core.  What  is  the  efliciency 
of  energy  transmission 

(a)  when  the  load  is  delivered  at  unity  power  factor, 

(b)  when  the  load  is  delivered  at  08  power  factor  ? 

11.  A  transformer  has  at  full  load  a  total  resistance 
voltage  drop  equal  to  i'5  per  cent  of  the  secondary  termi- 
nal pressure  at  no  load,  and  a  total  reactance  voltage  drop 
equal  to  2  per  cent  of  the  secondary  terminal  pressure 
at  no  load.  What  is  the  minimum  voltage  that  the 
secondary  can  deliver  at  full  load  expressed  as  a  per- 
centage of  no-load  voltage,  and  what  is  the  power  factor 
of  the  corresponding  load  ? 

12.  What  is  the  critical  speed  of  a  generator,  and  on 
what  does  its  numerical  value  depend  ? 


ELECTRIC  LIGHTING  AND  POWER.   (First  Paper.) 
Examiner:  P.  V.  Hunter;  M.I.E.E. 

{Time  allowed  :  3  hours.) 
{Not  more  tlian  eight  questions  to  be  answered.) 

1.  In  what  respect  does  the  construction  of  the  half- 
watt  lamp  differ  from  the  one-watt  metal  filament  lamp  ? 
Mention  any  limitations  to  the  general  use  of  the  half- 
watt  lamp. 

2.  The  supply  to  a  large  factory  is  transformed  down 
to  440  volts  between  phases  in  a  static  sub-station.  The 
equipment  of  the  static  sub-station  includes  a  440-volt 
three-phase  switchboard  containing  a  number  of  feeder 
panels,  each  feeder  panel  controlling  the  supply  to  one 
circuit.  The  neutral  point  of  the  440-volt  supply  is 
earthed.  Give  a  list  of  the  equipment  which  you  con- 
sider should  be  included  in  each  feeder  panel. 

3.  Describe  concisely  a  form  of  alternating-current 
exciter  which,  when  connected  to  the  slip-rings  of  a 
three-phase  induction  motor,  can  be  used  to  adjust  the 
power  factor  of  the  current  in  the  stator  windings  of 
the  motor. 

4.  Draw  diagrams  showing  the  connections  of  a  star- 
delta  three-phase  starter  for  a  squirrel-cage  induction 
motor 

(a)  in  the  starting  position, 
(6)  in  the  running  position. 

5.  What  form  of  tariff  would  you  recommend  for  the 
supply  of  energy  for  the  purpose  of  charging  battery 
vehicles  ?  State  briefly  the  advantages  of  the  tariff  you 
propose. 


6.  Two  three-phase  induction  motors  are  connected 
to  the  same  circuit,  and  at  the  time  of  maximum  load 
on  the  circuit,  one  of  the  motors  has  an  input  of  200 
k.v.a.,  at  o'H  power  factor,  and  the  other  of  50  k.v.a.,  at 
o'6  power  factor.  What  is  the  maximum  kilovolt-amperes 
supplied  by  the  circuit,  and  what  is  the  power  factor 
corresponding  thereto  ? 

7.  A  three-phase  induction  motor  is  operating  against 
full-load  torque  and  supplied  with  normal  pressure  and 
frequency.  Under  these  conditions  it  is  capable  of  exert- 
ing a  torque  equal  to  2^  times  full-load  torque.  In 
the  event  of  the  terminal  pressure  supplied  to  the  motor 
being  reduced,  while  the  frequency  remains  normal,  what 
is  the  lowest  pressure  expressed  as  a  percentage  of  normal 
pressure  at  which  the  motor  will  continue  to  give  full- 
load  torque  ?  The  torque  may  be  assumed  to  be  pro- 
portional to  the  square  of  the  pressure. 

8.  Indicate  by  means  of  vectors  the  relation  between 
the  terminal  potentials  of  the  primary  and  secondary  of 
a  three-phase  transformer,  the  primary  being  mesh-con- 
nected and  the  secondary  being  star-connected. 

9.  Describe  any  form  of  frequency  indicator,  stating 
the  principle  on  which  it  operates. 

10.  Sketch  a  diagram  of  the  connections  of  an  arrange- 
ment of  transformers  for  converting  from  three-phase 
to  two-phase  at  the  same  periodicit}'. 

11.  Draw  a  diagram  of  connections,  and  explain  the 
action  of  an  axle-driven  train-lighting  equipment. 

12.  The  commutator  of  a  high-speed  continuous-current 
motor  has  been  neglected,  and  is  in  bad  condition. 
Describe  the  work  which  should  be  done  on  it  to  bring 
it  into  perfect  working  order. 


ELECTRIC    LIGHTING   AND    POWER. 
(Second  Paper.) 

Examiner:  P.  V.  Hunter,  M.I.E.E.  ' 

{Time  allowed  :  3  hours.) 

{Not  more  than  eight  questions  to  be  answered.) 

1.  Describe  and  sketch  the  construction  of  a  fuse 
holder  for  a  power  circuit,  the  arrangement  of  which 
must  comply  with  the  Home  Office  factory  regulations. 

2.  What  are  the  advantages  and  disadvantages  of  the 
following  types  of  electric  heater 

{a)  convectors, 

(6)  lamp  radiators, 

(c)  hot  wire  radiators  ? 

3.  Describe  and  draw  a  diagram  of  connections  of  the 
equipment  you  would  propose  for  driving  a  large  planing 
machine,  assuming  a  continuous-current  supply  of  energy. 

4.  Describe  and  illustrate  by  a  sketch  a  form  of  rheostat 
which  you  would  consider  suitable  for  controlling  the 
speed  of  a  three-phase  slip-ring  induction-type  colliery 
winding  motor  having  an  output  of  1,000  h.p. 
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y  A  iiiL>  cjndlrpowvr  brnp  t ,..,>.,*.-,» 

Ihe  AiMH  oi  a  iikmu,  and  a  J>ii>  '  aci  Uinp  M  (eel 

al>  \  '(;   lliji    i:>!>    i>   itu   rrtirvlioii 

IM  c  Ulll|>^,  uli4t  Air  the  fcUttve 

va  iiMlv  u(  lUuiiiiiialiuii  uii  tlic  iiour  liirrvllv 

he.     .>  '         ' 

0.  A  Ihrre^piiate  lo  kw.  (^uu  voll.  w  cvclc   motor  hi> 

a    ,                         y4  08.     Wliai    >>  I  VI 

»1                            connc*.lc«l   \o  lis  10 
hnnit  ''*^  |>uwx«  (actor  u(  tlic  toiiibiiiaUua  lu  u>iii\ 

7  A  5v>  cycle  thrrr-plu-r  slipiiiif'  iiuiloi  i>  niiiiiiii|^ 
with  a  !>lip  u(  J  \>ci  cciil  W  lijt  i>  llic  liri{tiri)cy  ol  the 
current  in  the  rotor  wiiitliiit>!> ' 

&.  A  large  colliery  yriitiUtinjj  (an  i«  to  he  driven  (rom 
a   thrre-ph.t>c    Mipplx.     I'loMMon   i»   lo  be  m;tde  (or   in- 

CIi  .c. 

I\  . 

Q.  In  a  pri\-ate  residence  it  it  dekired  to  urrange  a  lamp 

in  the  t    '  ',"'.'.     :>  on  Ihe  t'ir>t  floor  laiidin(> 

NOthjt  :  :i  iD^cdicrand  oti  loi;clhcr. 

1>  iig  liuu  ilii)  may  be  arrjii^t-d  with 

>\s  .1  in    the   ciiliaacc  hull  uiid   on   the 

landing. 

.lie    by    diagrams    the   lighting 

,    .  .      wdc  (or  a  lunatic  u^yluin  where 

it  is  o(  vital  importance  that  the  !>upply  o(  lighting  should 

be  maintained   at    all    times,  irre>peclivcly  o(   the  capital 

co>l. 

II.  Compare  the  relative  merits  o(the  lead  cell  and  iron- 
nickel  Hdi&on  cell  (or  driving  electric  motor  vehicles. 

U.  Slate  how  many  units  o(  electricity  arc  required  to 
raise  the  temperature  o(  600  lb.  o(  water  by  100"  K.  in  an 
electnc  water  heater,  assuming  that  011  the  average  (or 
c-yery  10  units  added  lo  the  water  one  unit  is  lost  due  to 
t  !icy  o(  the  apparatus.     The  mechanical  etjuiva- 

K  .;  may  be  assumed  to  be  778  (t.  lb.  |tcr   British 

I'herinal  Unit. 


EI-KCTRO  CHEMISTRY  AND   ELECTRO- 
METALLURGY.     (First  Paper.) 

ExamiHtr  :  W.  R.  Cooper,  M.A.,  B.Sc.,  M  I.E.E. 

(Time  allmeeJ  :  3  koun.) 

(S'ol  more  than  eioHT  qutitions  to  be  answered.) 

1.  What  are  the  scrio  and  parallel  systems  o(  copper 
rcliiiing  ?     State  ihc  adyaiitages  and  disadvantages  o(  each. 

2.  Illustrate  the  importance  o(  working  at  a  certain 
current  density  (within  Umits)  in  electro-deposition  by 
any  example  with  which  j-ou  are  (amiliar,  and  describe  in 
some  detail  any  one  method  that  has  been  used  to  increase 
the  permissible  current  density  materially. 


lytK 

5,  Uotcrihe  ■  pUiiag  halancc.  and  lb«  mode  at  umh^ 
It.  and  slate    why    M-eighl   correctioas  air  ..'«    I<x 

Accuialo  Mufk. 

It    Ik  1 1  r 

aiticlri 

anil  c  Is  ri,  u  . 

to  I  j«aii  allci    - --    ■ 

counlerpolM^d  be(o<c  pUling  ? 

«.  \VI 

electfuhi      ,       -  .  _     ;._ 

7.  Describe  the  Moebius  process  vt  reiioing  tilvcr. 

8.  How  can  ores  be  concentrated  clc4.-trostatically.  and 
to  wlut  sort  o(  ores  is  this  otcthud  apphcable  * 

g.     -  ., 

o(   .. 
VolVctl. 

10.    In  the  I  .  r 

scale,  how  d.  ^  c 

cost  o(  production  ; 


II.   Descril>e  the  elc   ■ 
fluid,  and  the  plant  thai 


.'lion  o(  disiu(ecling 


18.  Give  some  ol  the  methods  thai  are  used  in  ihe  quick 

lorin.itiDii  (■(    li-.id    aci  ; 
caulK'iis  ajc  iiccc5s.irv  1;. 


3.  Whit   is  the  •■  t 
ttlial  liaiiculties  are  ■, 


:i)J   bath"   in   silvering,  and 
J  in  its  use  r 


ELECTRO-CHEMISTRY   AND   ELECTRO- 
METALLURGY.   (Second  Paper.) 

Examiner:  W.  R.  CotiPER.  M.A.,  B.Sc-,  M.I.E.E. 

(Time  allcutJ  ;  3  koun.) 

{S'ol  more  Ikan  EIGHT  qudtoms  lo  he  answereJ,) 

I.  Outline  the  Heroult  process  of  extracting  aluminium. 

1.  What  a  '  '   ..'  A  difficulties  are  there  in 

the  electric  >: 

3.  Describe  a  continuous  calcium  carbide  (urnace.  Wlut 
difficulties  have  been  experienced  in  developing  such 
(urnaces  ? 

4.  State  the  advantages  and  disad^-antages  (electrical 
and  metallurgical)  o(  the  induction  type  oi  (umac«  (or 
steel  making. 

5.  What  is  the  "  Pinch  Effect "  >  To  what  is  it  doe. 
and  to  what  practical  use  has  it  been  apphed  ? 

6.  Discuss  the  I  ■  '  '"  '  n '.he 
electric  (urnace  (: 

7.  What  considerations  would  induenco  you  in  bxing 
the  current  density  in  the  electrodes,  and  the  sue  ol  the 
electrodes,  oi  an  electric  (urnace  : 
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8.  Describe  the  Birkeland-Eyde  furnace  for  the  fixation 
of  nitrogen,  and  outline  the  process  of  manufacture  of 
nitrates  by  tliis  process. 

9.  Give  some  account  of  the  difficulties  experienced  in 
the  fixation  of  nitrogen  by  the  electric  discharge. 

10.  What  methods  are  employed  in  testing  carbon  elec- 
trodes for  electrolysis  ? 

11.  State  your  views  as  to  wlicther  power  should  be 
purchased  or  generated  by  the  user  for  electro-chemical 
purposes.  If  purchasing  energy  for  electric  furnaces,  how 
would  you  regulate  your  load  to  secure  the  best  terms  ? 
To  what  extent  do  you  consider  it  practicable  to  use 
"off-peak"  power  ? 

12.  Describe  some  form  of  apparatus  for  the  purification 
of  water  by  means  of  ultra-violet  light. 


MANUFACTURE    OF    ELECTRIC    MACHINERY. 
(First  Paper.) 

Examiner :  Professor  M.  Walker,  M.A.,  M.I.E.E. 

{Time  allowed  :   3  hours.) 

{Not  more  tlian  eight  questions  to  be  answered.) 

I.  How  would  you  determine  the  total  cost  per  pound 
of  manufacturing  iron  stampings,  say  for  a  40  h.p.  railway 
motor  ?    Give  an  example,  assuming  approximate  figures. 

^—zXe 1 


Fig.  I. 


Fig.  2. 


2.  Figs.  I  and  2  show  the  elevation  and  section  of  the 
V-ring  for  a  commutator.  Of  what  material  would  you 
make  (his  ?  Describe  the  process  of  manufacture  and 
make  an  estimate  of  the  cost  of  material  and  labour, 
assuming  that  500  are  required. 

3.  Describe  shortly  some  method  with  which  you  are 
familiar  for  conveying  manufacturing  information  from 
the  Drawing  Office  of  an  electrical  manufacturing  works 
to  the  foremen  in  the  shops. 


4.  Make  a  sketch  of  a  punch  and  die  suitable  for 
punching  semi-closed  slots  in  the  armature  of  an  induc- 
tion motor.  What  circumstances  determine  the  choice 
between  a  single  slot  die,  a  treble  slot  die,  and  a  full 
combination  die  for  striking  out  a  complete  stamping  at 
one  blow  ? 

5.  Wliat  are  the  advantages  and  disadvantages  of 
manufacturing  the  pole-pieces  of  a  continuous-current 
generator 

(a)  from  cast  steel, 
(6)  from  forged  steel, 
and  (c)  from  punclied  steel  ? 

Consider  these  methods  of  manufacture  in  their  bearing 
on  the  shape  of  the  poles,  the  cost  of  the  field-coils,  and 
the  performance  of  the  generator. 

6.  The  armature  of  a  tramway  motor  is  returned  to 
the  works  because  it  has  developed  a  fault,  no  particulars 
of  which  are  given.  How  would  you  proceed  to  find  out 
the  nature  of  the  fault? 

7.  Make  a  sketch  of  the  supports  for  the  armature 
winding  of  a  10,000  kw.  turbo-generator  to  resist  the 
forces  which  occur  on  the  winding  at  the  moment  of 
short-circuit. 

8.  What  arrangements  would  you  make  for  the  testing 
of  single-phase  alternating-current  integrating  wattmeters 
in  a  factory  where  many  hundreds  of  meters  are  tested 
per  week  ? 

9.  Describe  with  sketches  the  best  method  you  know 
of  building  the  punchings  in  the  frame  of  a  large  in- 
duction motor  where  there  are  as  many  as  12  segments 
to  the  complete  circle.  How  would  you  ensure  accurate 
registering  of  the  slots  ? 

ID.  Describe  the  machining  processes  on  the  cast-steel 
framework  of  a  railway  motor,  and  show  how  the  accuracy 
of  machining  is  ensured  from  step  to  step. 

11.  What  arrangements  would  you  make  in  an  electrical 
factory  for  testing  insulating  materials  as  they  are  de- 
livered from  the  maker  ? 

12.  What  are  the  relative  advantages  of  continuous- 
current  motors  and  three-phase  induction  motors  as 
applied  to  the  driving  of  machinery  in  an  electrical 
factory  ? 


MANUFACTURE   OF   ELECTRIC   MACHINERY. 
(Second  Paper.) 

Examiner:  Professor  M.  Walker,  M.A.,  M.I.E.E. 

(Time  allowed  :  3  hours.) 

{Not  more  than  eight  questions  io  be  answered.) 

I.  In  a  dynamo  factory  it  is  necessary  to  have  made  a 
great  number  of  parts  for  one  machine.  What  records 
would  you  keep  and  what  method  would  you  employ,  in 
order  to  ensure  that  all  the  parts  of  a  machine  are  finished 
at  the  right  time  ? 
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t    \   ii-w  «rarka  for  building  plr-ii..  .1   «•,•<■ 

I  '  >t  i  il  requirr*  i,^v  li  p  lio 

II  '  '  '  ■  •  J  II, r  |s>WPr 
II 

J.   Whit  irr  Ihr  principal  itrms  in  ihr  ("t-^t  nf  ^'r'lrnting 

r  -  ..  - 

f:  ag  13*,  per  Ion.     1 1 

be  i^Kiii  .1.    i.s>«>  h  p.  and  Ihr  avri.i).;^   iuj<i   .41    i..-.>'      j 

tot  g)  houi>  per  day. 

4.  Figk.  3.  4,  and  f  show  thrr«  virwi  o(  a  bf  ukti-liuldri 
^idc.    Of  vou    couktrucl    ltii>  r 

I)c«:nl*c  till  !c. 

J.  What  ^lcl'■.  «  uUl  you  lake  in  Ihc  election  of  l»oy» 
as  Iradc  a)  ;  in   an   electrical   factory,  and   how 

would  you  I... ^L..,.  >Mvii  proper  education  and  Iniiiinf;  in 
the  iactory  ? 

6.  How  would  vou  proceed  lo  fix  the  piecework  rate* 
(1.  a  tianiway  innlur  ? 

>  coil  of  .1  tiainujy  motor 

C>  -'Ic  luiii>  of   No.    12   round    doublc- 

c<  ■  How  many  such  coil>  wouKI  you 

expect  a  girl  lo  wind  in  an  hour  ? 

7.  Knuinerale  the  tests  you  would  make  on  the  insula- 
tion of  the  coils  of  the  armature  of  a  6,ooo-volt,  three- 
phase  generator  during  the  course  of  manufacture  and  up 
lo  the  time  of  shipping. 

>•  1  neat   hand-»ketch   of   a    brush-holder   for   a 

Ci  urrcnt   j;cnerator.     Indicate   tlic    material    of 

which  each  part  u  composed,  and  the  method  of  manu- 
lacture.  Make  an  estimate  of  the  cost  of  labour  and 
material  required  to  manufacture  5,000  holders. 

9.  How  does  the  frequency  of  a  polyphase  circuit  affect 

(a)  the  design, 

(6)  the  performance 
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10.  Describe  in  detail  Ihc  »uct  -- 
facture  of  a  commutator  for  a  «.' 
lor,  the  diameter  of  wh 
face   I J  inchc*.     i'ay   -, 
lilting  Ihe  V-rings  (if  any^ 
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11.  Knumeraie  Ihe  difficulties  thai  have  been  met  io  tbe 
manufacture  of  circuit -breakers  lor  high-voltage  feeders 
in  large  generating  statiuns. 

12.  How  is  the  insulatiun  resistance  of  paper  and 
varnislied  linen  affected 

M'l  by  rooiaturr, 
(^l  by  rise  of  temperature, 
and  (i)  by  the  applied  voltage  .• 
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PROCEEDINGS    OF    THE    INSTITUTION. 

ORDINARY   MEETING   OF  29   APRIL,   1915. 

Proceedings  of  the  580th  Ordinary  Meeting  of  The   Institution  of  Electrical  Engineers, 
held  on  Thursday,   29  April,    191 5 — Sir  John  Snell,   President,   in  the  chair. 

The  minutes  of  the  Ordinary  Meeting  held  on  15  April,  1915,  were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  and  transfer  approved  by  the  Council  for  ballot  was  taken  as  read, 
and  was  ordered  to  be  suspended  in  the  Hall. 

The  following  donations  were  announced  as  having  been  received,  and  the  thanks  of  the  meeting  were 
accorded  to  the  donors  : — 

Benevolent  Fund  :  R.  B.  Burrovves,  F.  R.  Davenport,  Messrs.  Evershed  &  Vignoles,  Sir  John  Gavey,  C.B., 
W.  J.  Head,  The  Incorporated  Municipal  Electrical  Association,  J.  W.  Kenipster,  J.  E.  Kingsbury,  S.  W. 
IMelsom,  The  Osram  Lamp  Works,  Ltd.,  S.  L.  Pearce,  H.  A.  Ratcliff,  J.  H.  Rider,  D.  E.  Roberts, 
J.  F.  Shipley,  C.  Stewart,  B.Sc,  and  A.  A.  C.  Swinton. 

Library':  The  Cambridge  University  Press,  and  L.  Gaster. 

^Ir.  F.  B.  O.  Hawes,  Professor  J.  T.  Morris,  and  Mr.  E.  A.  Nash  were  appointed  scrutineers  of  the 
ballot  for  the  election  of  new  Members  of  Council. 

A  paper  by  Mr.  Alfred  Dickinson,  Member,  entitled  "  The  Bombay  Hydro-electric  Scheme "  (see 
page  693),  was  read  and  discussed,  and  the  meeting  adjourned  at  9.58  p.m. 


ELECTION    OF    NEW    MEMBERS   OF   COUNCIL. 

The  Scrutineers  (Mr.  F.  B.  O.  Hawes,  Professor  J.  T.  Morris,  and  Mr.  E.  A.  Nash)  appointed  at  the  meeting  of 
the  29th  April,  1915,  have  reported  to  the  President  that  they  have  examined  the  Ballot  Papers  and  that  the  following 
have  been  found  to  be  duly  elected  : — 

President:  C.  P.  Sparks. 

Vice-Presidents :  Dr.  A.  Russell  and  R.  T.  Smith. 
Honorary  Treasurer  :  R.  Hammond. 

Ordinary  Members  of  Council:   W.   A.   Chamen,    H.    Dickinson,   J.   Hunter   Gray,   Professor  T.   Mather,    F.R.S., 
H.   F.  Proctor,  and  G.  S.  Rim. 


The  Council  for  the  year  1915-1916  will  therefore  be  constituted  as  follows  : — 


President. 
C     P.   SPARKS. 

The  Past  Presidents. 
Vice-Presidents. 
J.  S.  HiGHl-IELD. 

Dr.  a.  Russell. 
R.  T.  Smith. 

C.  H.  WORDIXGHAM. 

Honorary  Treasurer. 

R.  Hammond. 


COUNCIL  1915-1916. 
Ordinary  Members  of  Council. 

F.  E.  Berry. 

W.  A.  Chamen. 

R.  A.  Chattock. 

J.  Christie. 

E.  Russell  Clarke. 

H.  Dickinson. 

J.  Huxter  Gray. 

Major  E.  O.  Henrici,  R.E. 

Professor  B.  Hopkinson,  F.R.S. 

A.  W.  Martin. 

The  Chairman  and  Immediate  Past-Chairman  of  each  Local  Section 


Ordinary  Members  of  Council 

Professor  T.  Mather,  F.R.S. 

A.  M.  Ogilvie,  C.B. 

G.  W.  Partridge. 

W.  H.  Patch  ell. 

H.  F.  Proctor. 

G.  S.  Ram. 

R.  J.  Wallis-Jones. 

W.  B.  WOODHOUSE. 
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ADDKKSS   TO   THK    STl'DKNTS*   SF.CTION. 

Hy  Sir  JoHX  S.vtLL.   I'rc-»idcnl. 

(Aililim  lUliifixd  5  J/<iv,  ivi'.i 


1t>e  UMial  oppoilunity  ol  nicctine  yuu  at  your  Annual 

I>inncr,   to    wliicli    you   are  |;ood   enough   to   invite    the 

I'rcsidcnt  and  other   Members  of  the  Council,  has  been 

i<riiii'<l  nic  this  vear.     At  (he  same  time  I  felt  that  I  should 

!  ^    111    dutv  if    I   did   not.  as    Presidenl.  lake    (lie 

•V   if   it  w3-  afforded  to  me,  of  saying  something 

.  ended. 

I  'hat  I  should  like  briefly  to  speak 

10    you    atx>ut    to-night ;     First,    the     effect    of    general 

character  upon  one's   success  as  an   engineer  :  sccondlVi 

the  creat   importance  of  attention   to  detail  ;  thirdly,  the 

brcadih  .  !      '       "  'ich  is  necess;iry.  in  my  opinion,  to 

i:i.il.i    u  -  cer  ;  and.  fourthly,  thi-  prO'>pccts 

oi   Liccliit.u  _■  in  the  future. 

I''!::!il;    !'.  igll-i;    I    had    the    privilege   of 

vincial  Students'  Sections,  and  un 

~   whicli   I   then   used   1  felt  thai  I 

^ .  :.i'l  not  do  better  than  appropriate  some  of  them  on  the 

I  i^^cnt  OL'casion,  although  to  some  extent  it  may  lie  looked 

.,~  11  a»  a  richauiTe  of  what  I  then  said. 

So  far  .1-  -tion  of  geuerul  character  is  i. 

the  first   .  I   all  ol   Us  i>  10  do  our  best   t 

-as.     Alliiough    I    have  no   desire   lo  .. 
voii  to-night   I   should   like  lo  s.iy  at  ; 
I  luvc  always  felt  that  there  is  an  extraorilmaiih 
ith.  i)uite  apart  from  the  religious  side  uf  11,111  the 
--i\.i};;   •  W 1 1.1 1  soever   a   man   soweth,   that   shall   he    also 
n.il'       Hut  IS  true  whether  It  be  applied  to  hard  work 
u.'iicli   will   bring  its  own   leward,  or  to   hard    study,   to 
'  ■  ■.    or  to  whatever  it  1:   .    ' 
^t    pl.»ce   i»   a    M^rt 
vi.t 

All  ^ 

know,  II   he  (iiinks  at  all.  that  there  is  a  great  natural  uuih 

III  thai  s.iviiig. 

Vol..  53. 


iiiiiig  of  \-our  c-iiir!  -   with 
'10  and 


••c». 

and 

be 

Uy 

.>*c 

.nd 

.CSi. 

lay 

.lus 
of 


You  studeiit>  arc  at  the  hc-j 
life  before  you  with  all   11 
successes  and  defeats.     Ali  ^i 
go  to  the  formation  of  character.     The  m 

who,    niielinfj    ol>-l.ll.l^.-^      1        ■ 

and     Impctullv     .nl.ipl-     i 

obstacles.      He  will  ■ 

thereby  reactively  »:. 

You  have  chosen  careers  winch — whale\<. 

be  required  eventually  to  hit — have  the  u; 

of  new  developments— the  "variety  which  >■ 
life. "     I    am    repeatedly   brought    in    touch    » : 
engineers,  who  at  the  end  of  tlicir  college  and  workshop 
(.•  *  ■  iheir  feel  '.he 

Ij  .<I>iI    I!    I»    \  ^AT 

their  dillcieiil  \ : 
for  myself,  1  h.i\ 

I  said  there  was  a  second  point  upon  wliicb  I  wish  lu 
speak  to  you,  and  tlul  is  the  impurunce  of  attention  lu 
detail.  That  is  a  sort  of  natural  development  of  the  few 
.^       '1    hai'c   said   lo   you   on    the   41;     '  cral 

Icr.     I  know  tliat  iiiv  old  friend  a  ler. 

Mi.J    H    Ic 
gool  .it!(1- 

1  wliu  heard 
I  the    very    pra^  , 

before  you.  I  want  to  etnphasuv  this  point  Because  a 
thing  is  covered  up,  do  not  neglect  it.  \Iorc  of  the 
troubles   which   I  have  experienced   in  my  practical   hfe 

-    (faults    in    cable*    in 
>.    in    the    consliuclion 
-e.        1    ir 
:i   he  rcjv. 
Institution  luenlioned  a  case  which  bad  come  lo  his  know- 

■     t,mnjl  IJ.t..  wi   ♦♦.  |>    ■•i    '•■'" 
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ledge,  and  which  also  came  to  mine,  of  a  stud  in  an 
important  part  of  a  generator  which  appeared  to  have  been 
properly  linislied  and  showed  a  thread  through  the  nut. 
Hut  when,  some  lime  after  the  machine  had  been  erected 
and  running,  that  nut  was  taken  off,  it  was  found  that  the 
real  stud  entered  the  nut  b\'  only  about  two  threads,  and 
that  a  dummy  stud  had  been  put  into  the  remainder  of  the 
nut  so  as  to  look  as  if  the  whole  stud  had  been  properly 
finished.  Such  a  piece  of  work  as  that  is  criminal.  That 
is  what  I  mean  by  saying  that  if  you  are  supervising  work 
you  must  see  that  that  work  is  not  done  in  that  scanty, 
improper,  and  wrong  way.  You  know  what  Longfellow 
says  : — 

"  In  the  elder  days  of  art 

Builders  wrought  with  greatest  care 

Botii  the  unseen  and  the  seen 

For  the  gods  saw  everywhere." 

That  I  believe  is  a  precept  which  ought  to  be  applied  to 
all  the  work  that  one  undertakes  in  life.  Do  every  job  as 
if  vou  had  to  live  with  it  afterwards.  One  of  the  chief 
complaints  I  have  heard  made  against  my  own  class,  the 
consulting  engineer,  is :  Yes,  the  consulting  engineer 
designs  his  scheme  and  supervises  the  erection  of  it,  and 
when  the  contractor  has  finished  the  work  and  the  period 
of  maintenance  has  expired,  he  receives  his  final  fee  and 
departs  happily,  and  then  the  unfortunate  resident 
engineer  comes  in  and  begins  to  find  out  all  the  faults 
both  in  the  design  and  in  the  carrying  out  of  the  scheme. 
No  man  of  course  is  free  from  coinmitting  mistakes.  We 
have  all  made  mistakes  and  we  shall  continue  to  make 
mistakes — liumanum  est  crrare — but  it  is  one's  duty  to  make 
as  few  mistakes  as  possible.  I  should  like  to  see  entirely 
removed  that  reproof  which  I  have  heard  so  many  times 
uttered  against  consulting  engineers,  and  it  can  only  be 
removed  by  attention  to  detail  and  by  doing  the  work  as  if 
one  were  going  to  live  with  it  after  its  construction. 

I  think  one  of  the  chief  dangers  which  attach  to 
engineers  is  a  too  great  gift  of  what  I  may  term  intuition. 
It  has  been  a  great  fault  of  my  own  all  through  life.  For 
some  reason  or  other,  if  one  is  asked  to  write  a  report 
upon  some  particular  work  one  sees  very  quickly  the  true 
answer  to  the  question.  That  is  a  great  daliger,  because  if 
one  can  intuitively  arrive  at  what  one  believes  to  be  the 
proper  solution  of  the  problem  one  is  apt  not  to  be  able'  to 
prove  it  so  conclusively  to  the  people  for  whom  the  report 
is  destined.  It  is,  I  can  assure  you  from  bitter  and  long 
experience,  a  very  great  trial  when  one  knows  intuitively 
what  one's  report  is  going  to  prove,  to  have  to  sit  down 
and  laboriously  prove  that  the  answer  is  right.  So  I  say  ; 
Beware  of  the  danger  of  being  too  intuitive. 

There  is  often  a  want  of  a  proper  knowledge  of  true 
economy.  I  believe  that  some  of  the  reasons  why  young 
engineers  are  dissatisfied  at  times  with  the  progress  they 
make  is  that  they  have  been  perhaps  too  much  college- 
bred,  and  have  not  been  well  enough  trained  in  what  I 
may  term  true  economic  engineering.  So  I  say  to  all 
students  who  desire  to  get  on — and  of  course  every  one  of 
you  desires  that — Do  not  neglect  the  economic  side  of 
engineering.  It  is  said  that  any  engineer  if  plenty  of  money 
is  placed  at  his  disposal  can  carry  out  any  work  that  is 
possible  of  achievement,  but  the  successful  engineer  is  the 
man  who  does  the  work  thoroughly  and  properly  at  a 
minimum  expenditure  of  money.     I  did  not  mean^  when  I 


said  just  now  that  there  was  a  want  of  a  proper  knowledge 
of  true  economy,  that  people  were  unable  to  live  within 
the  limits  of  their  incomes — though  there  are  many  of 
those  unfortunate  people  to  be  foinid — but  rather  there  is 
an  inexperience  in  the  conservation  of  things  valuable  and 
an  inappreciation  sometimes  of  the  real  value  of  engineer- 
ing materials  and  costs.  The  waste  which  has  taken  place 
during  the  last  century  has  been  appalling.  I  do  not  refer 
to  the  waste  of  life  so  much  as  to  engineering  waste. 
Doubtless  it  will  be  said  that  it  is  a  corollary  of  the  gradual 
improvement  and  evolution  of  engineering  appliances. 
That  is  so,  to  some  extent  ;  nevertheless  the  prodigality  of 
engineers  and  manufacturers  in  the  application  of  coal,  to 
take  one  example — even  when  their  knowledge  enabled 
them  to  do  better — has  been  thriftless  to  a  degree.  Take 
the  case  of  many  of  our  factories.  I  know  of  an  instance 
(I  am  afraid  it  is  rather  an  old  story)  of  a  large  mill  with  a 
thoroughly  good  main  engine,  but  with  an  array  of  smaller 
outlying  machines,  steam-driven,  and  simply  wasting  steam 
not  by  the  pound  (lb.)  but  by  the  thousands  of  pounds  per 
hour.  There  were  numerous  boilers  at  60  lb.  per  sq.  in. 
pressure  when  a  third  of  the  number  at  a  higher  pressure 
and  with  other  improvements  would  have  sufficed.  There 
was  a  loss  of  coal  each  year  representing  several  thousands 
of  pounds  sterling.  Or  take  the  waste  of  energy  from  the 
exhaust  steam  of  rolling-mill  engines,  or  from  blast-furnace 
blowing-engines,  which  has  gone  on  for  several  decades. 
Now  happily  these  facts  are  realized,  such  waste  is  being 
averted  and  the  energy  is  being  utilized  and  turned  to  good 
account  for  commercial  purposes.  These  are  some  of 
many  instances.  In  our  own  particular  line  there  is  the 
appreciation  of  the  proper  system  of  distribution  to  be 
adopted  in  some  specific  case — the  appreciation  of  the 
relative  values  of  copper  and  aluminium — the  value  of  the 
condensation  of  steam,  and  when  and  when  not  to  adopt  it 
— the  economic  position  of  the  site  for  a  power  house — 
the  value  of  materials  in  the  design  of  generators,  and 
many  like  subjects.  The  wit  of  man  is  continuall}'  striving 
to  get  more  out  of  Nature's  materials  and  to  design  more 
economic  appliances,  and  it  is  you  who  will  be  called  upon 
to  do  your  share  of  this  work.  Electrical  machines  have 
been  brought  to  a  high  pitch  of  efficiency,  but  there  is  still 
an  appalling  inefficiency  in  the  effective  use  of  the  thermal 
capabilities  of  coal.  Steam-driven  electrical  plant  under 
the  best  conditions  only  transforms  some  12  to  15  per  cent 
of  the  available  energy,  and  gas-driven  electrical  plant 
under  favourable  conditions  some  25  to  30  per  cent  ;  there 
is  much  leeway  therefore  to  make  up.  Our  industry  has 
been  the  agency  whereby  the  use  of  large  water-power  has 
been  made  possible.  Still,  the  cost  of  impounding  and  the 
other  necessary  works  sometimes  make  water-power  less 
economical  than  coal  or  oil-fired  plant.  These  are  some 
of  the  problems  where  a  real  understanding  of  economical 
application  comes  in. 

It  is,  of  course,  often  wise  policy  to  spend  more  capital 
to  obtain  cheaper  production  of  energy.  This  is  one  of  the 
functions  of  the  engineer,  viz.  to  get  the  most  he  can  out 
of  the  money  spent.  Therefore  I  urge  you  in  whatever 
work  you  undertake  to  consider  always  :  What  will  this 
cost  ?  Will  the  results  be  worth  the  money  ?  That  is  the 
true  test  of  most  engineering  improvements  and  designs. 
I  have  seen  a  public  electricity-supply  station  most  ornately 
finished  in  elaborate  tiles  from  floor  to  roof  and  having  a 
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namely,  what  I  may  term  the  breadth  ol  education  i. 

sary  for   electrical  engineers.      I    think  there  caii  t 

doubt  that  in  the  past — I  do  not  think  it  applies  to-day,  at 
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You  must  also  acquire  a  working  knowledge  of  work- 
shop tools  and  tackle  so  that  you  may  be  ready  to  deal 
with  emergencies  with  intelligence  and  tliereforc  with 
confidence. 

I  have  not  got  to  the  end  of  the  requirements  yet.  We 
Britons  are  notoriously  bad  linguists.  I  strongly  recom- 
mend vou  to  learn  French,  and,  if  possible,  Spanish,  a 
cognate  language,  and  those  of  you  who  can  are  advised 
by  a  great  many  people  to  learn  a  little  Russian  (I  rather 
pity  the  man  who  has  to  do  it)  and  thus  be  able  to  hold 
your  own  if  and  when  you  do  go  pioneering  in  new 
countries.  It  is  a  great  handicap  and  also  a  humihation 
to  have  to  depend  on  the  perhaps  imperfect  translation  of 
a  third  person.  In  addition  to  all  those  labours,  and  as  a 
further  widening  of  one's  education,  I  suggest  that  you 
should  read  history,  even  if  only  as  a  relaxation  from  your 
other  labours.  It  teaches  one  the  mistakes  as  well  as  the 
successes  of  our  ancestors,  and  therefore  it  teaches  one 
what  to  avoid  and  how  to  benefit  by  previous  experience. 
If  you  can  also  work  up  a  keenness  for  geology  or  as- 
tronomy, or  even  botany,  it  will  help  you  to  get  that 
scieiiiia  scienlianiin,  as  Charles  Kingsley  called  it,  the 
habit  of  observation.  Upon  that  last  point  I  have  the 
strongest  views.  I  know  that  in  my  own  3'oung  career 
the  fact  that  I  had  a  great  keenness  for  geology  and  for 
botany  and  for  what  generally  used  to  be  known  as  natural 
histor\',  was  a  very  great  help  in  teaching  one  to  see  and 
to  observe,  i.e.  to  get  what  one  used  to  be  told  was  a 
"  quick  eye."  It  does  teach  one,  because  even  in  struc- 
tural botany  one  learns  much  that  can  be  applied  to  one's 
own  engineering  work. 

Now,  lastly — and  on  this  you  naturally  must  feel  very 
strongly — what  are  the  prospects  of  electrical  engineering 
in  the  future  ?  I  ma}'  have  rather  discouraged  you  just 
now  bj-  saying  that  in  my  belief  all  engineers  would  have 
to  possess  some  knowledge  of  electricity,  and  that  except 
in  the  case  of  the  comparatively  few  specialists  all  elec- 
trical engineers  would  also  have  to  be  engineers  of  some 
other  kind,  that  is  civil  engineers  or  mechanical  engineers. 
Some  of  you  may  think  that,  especially  for  the  President 
to  say  such  a  thing,  it  is  a  little  discouraging  to  you.  But 
I  must  not  be  misunderstood.  I  do  not  mean  to  say  that 
because  3'ou  do  not  happen  to  have  a  knowledge  of  sea 
defence-walls,  the  building  of  moles  or  of  dams,  the  im- 
pounding of  water,  irrigation  works,  or  whatever  some 
of  the  bigger  civil  engineering  works  may  consist  of,  that 
therefore  you  are  not  going  to  succeed  in  life.  1  do  not 
mean  that  at  all.  What  I  do  believe  is  that  you  should 
broaden  your  education  by  not  confining  yourself  to  elec- 
trical engineering  subjects  purely.  I  know  there  is  very 
much  to  learn  even  in  that,  and  that  time  is  short,  but  be 
content  not  to  develop  too  high  a  mathematical  knowledge 
or  too  abstruse  a  knowledge  even  of  the  applications  of 
electricity  if  by  so  doing  you  neglect  a  proper  apprecia- 
tion of  what  I  may  term  the  old  type  of  civil-engineering 
work.  I  am  going  to  say  something  to  you  presently  about 
some  of  you  having  to  go  abroad,  because  I  am  confident 
from  what  I  have  been  told  by  my  old  friends  and  assist- 
ants and  others  who  have  been  abroad  that  they  have  to 
put  their  hands  to  many  things,  in  addition  to  designing 
and  constructing  electrical  work  purely.  They  have  to  do 
other  work,  perhaps  even  to  design  a  small  dam  (if  it  is  a 
big  one  with  important  stresses  on  it  they  will  of  course 


get  some  specialist  to  help  them  in  work  of  that  sort),  or 
do  levelling,  or  give  a  pronouncement  upon  the  founda- 
tions upon  which  they  propose  to  erect  heavy  weights. 
All  matters  of  that  kind  which  are  a  sort  of  common 
civil-engineering  work  are  certainly  not  outside  the  ambit 
of  an  electrical  engineer's  training.  That  is  what  I  mean. 
I  do  not  mean  to  say  that  the  electrical  engineer  qua  elec- 
trical engineer  is  going  to  disappear  from  the  face  of  the 
earth.  I  do  not  believe  that  for  a  moment.  Electrical 
engineers,  owing  to  the  minuteness  and  the  accuracy  of 
their  training,  have  taught  other  engineers  how  to  measure 
accurately  more  than  perhaps  any  other  class  of  engineer. 
I  think  that  electrical  engineers,  with  the  breadth  of 
education  to  which  I  have  just  referred,  will  probably 
oust  a  great  many  engineers  in  the  next  generation  from 
their  work,  rather  than  that  electrical  engineers  will  be 
wholly  and  utterly  merged  in  the  mechanical  and  civil 
engineering  branches.  I  am  not  a  very  old  man,  but  I 
began  very  early  in  life  and  things  have  changed  a  good 
deal  since  my  younger  days.  When  I  was  20  years  of  age 
I  was  earning  quite  a  comfortable  income.  Nowadays, 
owing  to  the  greater  knowledge  that  has  to  be  acquired, 
men  cannot  begin  their  professional  life  at  the  earliest 
until  they  are  above  20  years  of  age.  I  said  just  now  that 
I  think  it  is  a  great  mistake  that  young  men  20,  21,  or  22 
years  old  should  be  expected  to  keep  themselves.  1  think 
that  is  too  rapid  a  result  from  their  education.  I  think, 
in  other  than  exceptional  cases,  if  they  remain  as  students 
for  a  year  or  two  longer  they  will  reap  a  fuller  benefit 
later  on  in  life. 

Many  hundreds  of  young  men  are  leaving  the  univer- 
sities and  technical  colleges  every  year  as  "electrical 
engineers,"  and  in  this  country  there  are  not  sufficient 
places  for  them  to  fill  ;  the  supply  is  greater  than  the 
demand.  You  must  forgive  me  if  I  tell  you  what  in  my 
belief  are  home  truths,  but  I  should  be  faihng  in  my 
duty  if  I  did  not  speak  quite  boldly  upon  this  subject. 
Therefore  we  now  find  that  very  many  are  quite 
unable  to  get  work  in  their  profession,  and  others 
find  that  when  vacancies  occur  there  is  a  downward 
trend  in  the  salaries  attached  to  the  posts.  Except  in 
the  comparatively  few  big  posts  there  is  no  doubt 
that  generally  the  salaries  of  electrical  engineers  are 
now  smaller  than  they  were  five  years  ago,  at  any  rate  in 
the  public  positions,  though  the  actual  cost  of  living  has 
gone  up  in  that  interval,  and  will  go  up  a  great  deal  more 
in  the  future.  What  is  the  deduction  to  be  drawn  from 
these  facts  ?  It  is  surely  this  :  that  our  young  engineers 
must  be  prepared  to  go  abroad.  They  have,  it  may  be 
said,  a  national  mission  to  perform.  The  engineer  is  prima 
facie  the  pioneer  of  civilization  and  is  one  of  the  principal 
agents  in  improving  man's  environment.  British  engineers 
by  their  influence  abroad  can  improve  and  broaden  the 
industrial  output  of  this  country,  and  can  also  act  as 
missionaries  of  British  influence.  I  am  not  speaking 
politically,  though  that  may  also  be  affected  by  the  wise 
conduct  of  their  own  affairs.  When  asked  by  young  men 
about  their  futures  I  have  often  regretted  to  find  that  they 
were  not  disposed  to  go  abroad.  I  suppose  in  the  course  of 
a  year  I  must  see  many  scores  of  young  men  who  want  to 
improve  their  positions,  or  who  are  out  of  jobs  and  want 
me  to  help  tliem.  They  come  with  letters  of  recom- 
mendation and  many  of  them  have  an  excellent  training 


SNKI.I.:    ADDKKSS   Ti)   TMK    sTl'DKNTS 

aiul  are.  m>  far  ak  uoe  can  juii^'r,  iii  c\-rrv  «-av  excellent   <  oaluial  tm 

men      It  .  i»e>  luc  !■ 

tenia,'-  I    )>>ll    flu 

I     ..:  \iv     \inl     , 

4l>i<  wai.t  I.- 

lo    M.H    -ll     ll" 

t>Olll    4ll>t    lu    ii>     ~ 

ntaicr  way.    Tlial  u  not  at  all  .1 

rill-  ■  ..,    .s  ^^ 

a   (1:  ^v    up         • 


7«-.l 
Ihctt  It  a  tftM  deal  ol 


lilt 


tlir   '  !>oii>  01   . 

no  0  ,il  II  llijl 

ha»  Ixrcn  a  "  *oil  "  age. 
4llii  a  cle-"--   •■■   -I-- 

which  i>  .> 
chaii|>c<t  ui  It  ' 
hilim-      Tln'  : 


Til'  o  much  luiui  V 

,.,  ,  ...... -lit;  many  »1  un, 

i^:i-.    The  wai  llu^lla^•|>l'^• 

ill  Ihe 
III  III 


anil   Mliniii;.   li    il    Ik-   iiul    -.lupiK-il. " 
eiief);ici>  and  i*  cciiaiiily  licit- 
(.Kjnicr  once  loid  thai  (he  l>< 
younjj  men  was  :  "  Fear  Uod,  ii":k<u 
ilawdle. 


ll  It  a  »pur  to  our 

Imiimi    -Ij,  L       I>ufd 

lu 

i:ir    rvin;;    jiiu   tiofl  I 


l!u 

^  MH'  jhroad  there  i«  sonK-tiiiic«  a  tendency  to  grumble  at 
Ihcii  environment  and  not  to  make  the  be\t  of  thingv 
rii.it  again  does  nut  lead  to  successful  cirecrs  in  our 
Colonial':  les  or  in  fmcigii  countries.      N' 

I  am  s|H..  e  i>f  what  1  know.     One  olii 

vud  :  "  ll  1  gu  aluoad,  1  shall  be  lost  sight  oi  at  in-Mt. 
and  l>e  unable  to  get  work  at  home  again  later  on." 
I  think  that,  as  a  general  statement,  this  is' a  mistaken 
idea.  Of  course  the  experience  gained  abroad  may 
not  always  be  applicable  at  home,  but  1  have  generally 
found  it  is  those  who  have  not  been  conspicuously 
successful  abroad  who  come  liotiie  bringing  this  com- 
pl.iiiit.  At  home  or  abroad,  I  advise  you  to  broaden 
>oui  experience.  IV5  not  stay  "on  the  switchboard" 
for  several  years  if  yon  can  avoid  it.  and  do  not 
keep  your  eyes  iixed  only  on  the  meters  and  the  log 
books :  get  all  the  experience  you  can  of  stoking,  engine- 
driving,  repairs,  and,  if  you  possibly  can,  of  distribution 
work.  Join  a  field  class  in  your  spare  time  and  do  some 
piactical  surveying.  So  many  electrical  men  get  into  a 
ilicp  groove  and  narrow  their  experience  so  that  they 
ili-^iiov  llicH  initiative  and  render  themselves  unlit  for 
i'iln.1  cla--c-.  of  work.  Tlierefore  I  ask  you,  as  a  duty  to 
your  race  and  lo  yourselves,  not  to  shrink  when  the  time 
comes,  as  it  will  conic  to  many  whom  1  am  addressing  to- 
night, to  leave  home  and  strike  out  in  pastures  new. 
carrying  with  you  a  full  sense  uf  the  responsibility  which 
will  rest  on  you  to  do  whatever  work  may  be  given  with 
:'  t  \  '  .  best  ability  and  energy  you  can  call  up,  and,  if 
.  \ .  to  put  up  for  a  time  with  certain  inconveniences 
'     .  1  every  man  has  to  meet.  tcvtr 
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al)road,  consider  the  fiossibilities  of  the  otter,  ol  course 
like  prudent  persons,  but  let  no  weakening  and  under- 
mining idea  of  little  hardships  or  family  severance,  etc., 
distort  yuur  judgment.  Our  birthright  consists  in  the 
advantagcs  we  possess  as  a  race  which  have  l>cen  derived 
labours  of  uur  forefathers,  and  we  c.i: 
^  Use  of  these  unless  we  ourselves  in  <  . 
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tions,  which  are  Truth.  The  latest  Gospel  in  this  world  is: 
Know  thy  work  and  do  it."  Let  each  job  done  be  a 
"  stepping-stone  to  higher  things." 

Young  men — I  know  from  my  own  feelings  when  a 
younger  man — are  impatient  too,  if  what  they  feel  is  good 
work  is  not  immediately  awarded  a  "prize."  That  is 
unwise,  because  I  have  said  I  am  certain  the  reward  will 
come  unerringly,  even  if  we  cannot  at  once  point  to  it. 
The  reward  may  be  latent,  and  with  the  addition  of  yet  a 
little  more  good  work  may  suddenly,  and  often  quite  unex- 
pectedly, burst  into  steam.    Recollect,  however, 

'■The'  noblest  service  comes  from  nameless  hands, 
And  the  best  servant  does  his  work  unseen." 

One  last  word— and  it  is  of  great  importance  to  engineers 
— know  your  workmen,  understand  their  characters.  You 
will  have  to  superintend  many  men  in  later  life.  The 
workman,  of  whatever  rank,  is  a  real  good  fellow  when 
you  know  him  and  get  below  his  shyness  and  fear  of  being 
patronized  and  "put  upon."  In  that  delightful  book  of 
G.  H.  Lorimer's,  the  self-made  merchant  tells  his  son  : 
"  Keep  close  to  your  men.  When  a  fellow's  sitting  on  top 
of  a  mountain  he's  in  a  mighty  dignilied  and  exalted 
position,  but  if  he's  gazing  at  the  clouds  he's  missing  a 
heap  of  interesting  and   important  doings  down   in   the 


valley.  Never  lose  your  dignity,  of  course,  but  tie  it  up 
in  all  the  red  tape  you  'can  find  around  in  the  oftice  and 
tuck  it  away  in  the  safe.  A  competent  boss  can  move 
among  his  men  without  having  to  draw  an  imaginary  line 
between  them,  because  they  will  see  the  real  one  if  it 
exists."  "  Authority  swells  up  some  fellows  so  that  they 
can't  see  their  corns,  but  a  wise  man  tries  to  cure  his  own 
while  remembering  not  to  tread  on  his  neighbour's." 
There  is  a  good  deal  of  good  sound  common  sense  in  that. 
My  remarks  may  have  given  you  the  impression  of  a  sermon  ; 
but  I  have  felt  the  responsibility  of  addressing  you,  and 
I  have  wished  to  help  by  drawing  from  my  own  experience 
in  life,  and  I  earnestly  hope  I  may  have  given  vou  some 
help. 

It  is  a  very  great  pleasure  indeed  to  me  to  have  come 
here  to  night  and  met  you.  It  is  difficult  perhaps  in  a  short 
address  like  this  for  you  thoroughly  to  appreciate  all  that  I 
have  said,  but  I  think  I  can  sum  it  up  thus  :  That  you 
should  work  hard  and  seriously.  Be  wise  enough  to  take 
advantage  of  every  opportunity  that  comes  your  way.  Try 
not, to  be  too  impatient  about  achieving  success  immedi- 
ately, because  speaking  from  my  own  experience  in  life 
you  will  find  that  success  will  come,  as  I  have  said,  uner- 
ringly. It  will  come  sooner  or  later,  but  it  will  come  to 
those  who  deserve  it. 
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SVN't>l"»lk.  jful.i  ali..li>  t'lM-li  1k-]1il'  '    niitVci!"    "  I.ilic   ilrjf  ".   "  Tf  «i« 

IntrudiKlkm.     SiKiialt.      liilnlocLiiie    ap|vir«tu».      Wurkini:        '  ^' * 

:  •■  '  ^,  ...  .1-  ~...   i  i\%. 

•■i->  (urin>  i4   I  CM 

.tirayt,  but  l'»c)  aII  iiciv  >ji  it--  ii^^c  ibc 
In  preparing  a  pafwr  mi  llir  dcvclupiiirnl  ol  inaiii-liiit  , 


i  •  have  I  coti  l>a|>ci  - 

-  --    .- ^  ^  '^^ 

Hidoo'  repeals  iImtM  in  railway  safely  applioiico 

'■  xt  in  any  c^a^i  of  rn^'uieering.     Several  nci.v... 

t>e  said  lo  have  pa%M.-d  since  the  introduclion  of 

v.-.    I115I  ■■    and   till 

i>  due  t<'  ■  f  pa»sc<l 

lllU>t     1>L     IllUcbUJ      K'. 

1-.  which  are  now  jMrtii.-: 
{-utcd  in.     Il  IS  imi^  ic  10  review  old  ci. 

meihods.  but  in  ai;   ;^ >   to  the  pioneers   1 

suggests  that  their  valuable  efforts  must  not  be  overlooked. 

BiXKK  Telegkai-h. 

T'  system  of  block  tc! 

10  pi '  ill  one  train  being  in  : 

two  block  signal-boxes  on  the  same  line  at  the  same  tunc, 
thus  providing  an  adequate  interval  of  space  between 
following  trains  ;  and  in  the  case  of  junctions,  between 
converging  or  crossing  trains.  The  signaling  of  trains  on 
llie  block  svstcm  does  not  in  any  way  dispcn-*  with  the 
use   of   I'p  I    or   detonating   signals,   whcncvi 

wlierevei  ..ils  are  requisite  to  protect  obslru.. . 

■  ri  ::.(.  line. 

1  lie  signal-tioxes  at  which  block  telegraph  working  is 
in  operation  are  furnished  with  instruments  to  signal  each 
line  of  rails,  and  the  system  under  which  these  instruments 
ore  to  be  worked  and  the  mode  of  indicating  the  descrip- 
liL.ii  of  approaching  trains  arc  laid  down  in  a  code  of 
1  i^;alationN,  which  are  given  from  one  signal-box  to 
.I'.iotlier  by  x.irious  niiM:  •at>  on  a 

1  >:i    ui.-i.-ti;!!i!    't    !':f    \.i:.  -    of   tnii' 


I  he   word    "absolute       ».  -    a 

.    .:  was  only  absoluir  x.,  L.niJ  a^  l...    -^ :iaii 

t  r\'cd  all  rules  and  ~.  but  at  any  rate 

:nt\nl   the  iinprcsMOn    to   l:ic  i;aM.,  "      ''       "    .!    it 


meant  absolute  safely.     It  is  onlv  too  c\ 


Jt> 


^  s  Cuuld  nut  pusslbly  liavc  been  Wuf  kcd  WItliuut  MM.il 

in. 

Lock  axu  Buxk. 
Prior  lo  1875  the  block  telegraph  system  and  interlockiiig 
of  points  and  signal  appliances  were  distinct,  and  were 
worked  iiide(y;ndently  of  one  another,  but  it  soon  bcoune 
>!  the  twi. 
IV  (<■)  Ir.t!! 

1  \  a 

11:  _  _  .ntil 

an  electric  treadle,  ofteratcd  by  the  passing  of  a  train  over 
the  railway,  unlocked  the  block  instrument  io  the  train- 
on-line  position. 

'■  Lock  and  block""  i»  a  very  well-kni.'  . 
iilwav  men  and  thoxr  interested  in  r.i 
several  dit!  .si- 

known   \n\  >  ^»o- 

letti,  Langdon,  Tver,  Blakcy  ft  U  l>onneil.  and  Hrycc  ft 
Ferreira  ;  but  it  may  be  said  that  the  most  generally 
adopted  system  is  that  of  Sykes. 

"  Lock  and  block  "  pbys  an  important  port  in  the  work- 
ing of  suburban  lailwavs,  and  where  a  regular  and  similai 
l>c  dealt  u  icd 

I  lie  sjfr  \.  t»ut 


Icr  i^on  the  line  and  irregularities  of  working. 

Ihcii  ...I  ..  iJige  number  of  different  bell  codes  nuniK ■.• 

as  many  as  30,  with  w  hicli  the  signalmen  must  be  thort 

"."  '  '.ion    of    a    line   on    111-: 

cd",  and  all  signals  niu^t 
Ix    ktj'i  )H>sili<^-ii  except  when    it    |s  iiecis- 

sary  to  i'  a  tram  to  pass  ;  and  such  signals 

must  nut  be  lowered  until  ■•hue  clear"  has  l>ecn  recci\i-<l 
from  the  signal-box  ahead,  which  is  indicated  on  the  bliM.k 
instrument  in  the  signal-box.  The  type  of  block  instru- 
ment   generally    in    use    is   of    the   3-(iosition   t\'pe,   the 


goiids,  and  mineral  tramc  are  concerned.     In  gooas  and 

M.  '-!.d  working  it  is  not   necessary  to  have   *o   Urge  a 

II    between   trains  as    in    pasMrnger- train-  working, 

.1;,     -ugh    the     absolute    block    pr: '  ;J    under 

Kule   No.  3   of  the    Block   Tele>;i..;  -    nuv  be 


boxes   a(    ' 

station  or  j 

and   allows   a   second  goods  train  to  t«e  a<. 

another  goods  Irani  is  shunting  under  the  piu 
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home  signal  of  the  block  signal-box  in  advance,  or  is 
wailing  at  the  starting  or  advance-starting  signal  of  the  said 
advance  section. 

To  enable  closer  working  to  be  carried  out  a 
mechanical  arrangement  is  provided,  viz.  the  Cancel 
Key,  in  the  use  of  which  lliere  is  unfortunatclv  no  check 
upon  the  signalman.  By  injudicious  use  of  this  key 
several  serious  collisions  have  occurred,  the  signalman, 
although  tinding  his  instruments  locked  up  actually  by 
the  proper  means  of  working,  having  overlooked  the 
existence  of  a  train  in  the  section  -  and  freed  the 
appliance  by  releasing  it  with  the  cancel  key  ;  one  of 
the  most  recent  cases  being  the  serious  collision  at 
Waterloo  Junction  on  the  South  E^astern  iK'  Chatham 
R.iilway. 

It  can  thus  be  seen  that  the  vi'eak  spot  in  a  lock  and 
block  system  is  the  means  provided  for  enabling  the 
signalman  to  release  the  electrical  locking  between  the 
block  instruments  and  the  levers  working  the  signals, 
either  in  the  event  of  a  train  being  accepted  and  such  train 
for  some  reason  or  other  not  going  forward  on  its  journey  ; 
the  failure  of  the  treadle  to  do  its  proper  work  ;  or  the 
shunting  backwards  of  trains  over  treadles  during  the 
operation  of  dividing  or  making  up  trains. 

Special  arrangements  liave  in  a  comparativelv  few  cases 
been  installed  to  provide  for  permissive  working  under 
Rule  N'o.  5,  "  Section  clear  but  station  blocked ",  in 
combination  with  the  ordinary  lock  and  block  working  ;  a 
second  signal,  known  as  a  calling-on  arm,  being  fixed 
under  the  home  signal  in  the  rear,  and  the  instruments 
duplicated  in  the  signal-box  for  special  working,  which 
enables  a  second  train  to  enter  the  section  already 
occupied  by  a  train  at  the  station  in  advance. 

A  switching  handle  is  provided  in  the  signal-box  for 
changing  from  ordinary  to  special  working,  and  when  used 
becomes  locked  by  "  plunging  "  for  a  second  train  until 
the  previous  train  has  cleared  out  of  the  section  and  the 
treadle  has  been  actuated.  With  this  method  the  cancel 
key  has  still  to  be  retained  to  deal  with  failures  of 
apparatus,  and  there  is  still  the  loophole  for  using  the  key 
irregularly.     Treadles  are  of  two  kinds  : — 

(a)  Treadles  operated  by  the  first  wheel  of  the  train. 

(b)  Treadles  operated  by  the  last  vehicle  of  the  train.    . 

The  latter  type  ensures  the  whole  of  the  train  having 
passed  over  the  treadle  before  the  release  in  the  block 
instrument  is  given  ;  and  in  short  sections  where  trains  are 
liable  to  come  to  rest  with  the  rear  vehicles  overhanging 
the  treadle  this  is  a  very  desirable  form  to  use. 

The  treadles  in  use  to-day  are  of  the  mercury  type, 
which  are  far  preferable  to  the  old  form  of  rubbing 
conta'^t  previously  introduced.  The  mercury  is  contained 
in  a  box  or  chamber,  and  is  set  in  motion  by  the  deflection 
of  the  rail  to  which  the  treadle  is  attached  ;  the  mercury  is 
caused  to  flow  over  the  contact  points  either  by  the  move- 
ment of  pivoted  levers  or  is  pumped  up  by  a  piston 
depressed  by  the  rail  upon  which  trains  run. 

IXTERLOCKIXG    Bl.OCK. 

TJiis  is  a  form  of  lock  and  block  in  use  to  a  large  extent 
on  the  Midland  Railway  (which  railway  it  is  the  author's 
privilege  to  serve),  and  furnishes  the  necessary  elasticity 


for  passenger  and  goods  traffic  working  under  Rules 
Nos.  3  and  5  before  mentioned.  The  instrument  used 
(Figs.  I  and  2)  is  known  as  the  Rotary  Block,  and  is  of 
the  pegging  handle  and  vertical-needle  type.  The  handle 
stands  normally  vertical  in  the  "  blocked  position  ",  and  to 
give  the  "  line  clear  "  and  "train  on  line"  indications  is 
moved  in  a  clockwise  direction.  There  is  a  ratchet  move- 
ment in  the  instrument  to  prevent  the  handle  being  turned 
in  a  reverse  direction,  and  this  prevents  a  signal  being 
given  a  second  time  unless  the  handle  has  been  rotated 
to  both  the  "  line  clear  "  and  "  train  on  line  "  positions. 

"  Line  clear  "  being  given  removes  the  electric  lock  on 
the  starting  signal  in  the  rear  section,  and  "  train  on  line" 
being  given  drops  the  said  lock  ready  to  fall  into  position 
again  when  the  starting-signal  lever  in  the  rear  is  placed 
to  danger.  After  "line  clear"  has  been  given  by  the  hrst 
movement  the  handle  is  then  turned  to  the  "train  on  line" 
position  and  becomes  locked  in  that  position  so  that  it 
cannot    be   moved   either   forward   or    backward    until    a 


cd/?ce/'L, 


line  ckdr 
cdncd" 


Fig.  I. — Rotary  Interlocking        Fig.  2. — Rotary  Interlocking 
Block  (Pegging   Instru-  Block  (Non-pegging  In- 

ment).  strumentl. 


releasing  treadle,  fixed  on  the  railway  inside  (he  home 
signal,  has  been  operated  by  the  accepted  train,  after 
which  the  handle  is  free  to  be  turned  to  its  normal  and 
vertical  position. 

To  preven'L  the  possibility  of  "line  clear"  being  given 

for  a  train  to  approach  from  the  rear  section  whilst  the 

home    signal   is   at   "  clear ",   a    lock    is   provided  in   the 

block    instrument,    and     a    switch    on    the    home-signal 

lever,  which  ensures   the    home    signal    being    at  danger 

before  the  handle  of  the  instrument  can  be  turned  from 

j    the  blocked  or  normal  position.     With   this    in  combina- 

i    tion  with  rotation  mechanical    locking   on  the  home  and 

starting,  or  shunting  signals,  the  signalman  is  compelled 

to    go    through    the    operations    necessary  for    passing   a 

I    train  through  the    section,  thereby   making    certain    that 

i    the  starting  signal  if  once  lowered  must  be  returned    to 

I    the  danger  position  before  the  home  signal  can  be  used 

a  second  time. 

The  rotation  locking  referred  to  provides  that  the 
home  signal  pulled  over  and  replaced  becomes  locked 
j  until  the  starting  or  shunting  signals,  where  the  latter 
exist,  have  been  pulled  over  and  replaced ;  and  upon 
the  completion  of  tliis  operation  the  starting  signal  is 
once  more  automatically  electrically  locked  by  the 
advance  section,  and  is  only  released  by  "  line  clear " 
being  given  from  the  advance  section  as  before 
described. 
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llie  broken  tlU>^,  attixingon  the  back  of  thestuiiie  :i  printed 
label  with  in>liuctioiis  and  pro)XTly  dated. 

The  "  line  cleat  cancel  is  placed  at  the  loot  of  the  block 
in-lrunient,  on  the  right-hand  Mdc,  and  thai  of  the  "  train 
on  line  '  cancel  on  the  left-hand  xidc-,  thi^  arrangement 
being  adopted  in  all  inslallatiuns  of  rotarv  interlocking 
block. 

An  attinipt  has  l>een  niadi-  to  provide  a  " co-operation 
cancel  lu  other  lock-and-bli>ck  systems  but  it  is  not  a 
general  practice. 

SlUNAiJS. 

It  IS  -.aul  thai  one  of  the  earliest  forms  of  signal  con- 
si>ied  oi  a  caiulle  placed  in  a  window  of  the  station  to 
"!  '■  tlie  driver  should  stop  to  take  up  passengers, 

tl>t  of  such  a  light  at  night-tiiiK-  implied  that  the 

ir.iin  could  proceed  without  stopping. 


I«l. 


KUi.  4-— tif»uiMj  Signal. 
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iiig  l-tin|>. 


^iiKf  till  i  ,itn-  on 

laiiuav-    \M  i„  the 

form  and   t>|H;  u»cvl.      1  tic  3-poMtion  arm  wa  A 

ill  favour  ol  the  2-|xjsiiioii   signal  now  in  u-t.  ig 

only  "danger'  and  "clear    .     History  is,  however,   now 
re|K-ating  itself   by  the  use  of  Ji-po>ilioii  signals,   used   to 


Kiu.  5 


766 


ACFIELD :  DEVELOPMENT   OF 


a  considorable  extent  in  America  for  automatic  block  sig- 
nalling :  Horizontal  for  "  stop  ",  inclined  43'  for  "  caution  ", 
and  vertical  for  "  proceed  ".  Such  signals  are  electrically 
operated  and  controlled  by  means  of  IracU-circuited  lines, 
as  hereafter  referred  to,  and  were  introduced  in  the 
year  1900. 

The  subject  of  tiic  Distant  Signal  is  one  that  not  only  has 
been  much  discussed  in  the  past,  but  is  constantly  being 
brought  up  to-day.  There  is  little  doubt  that  in  past  years 
the  introduction  of  distant  signals  for  each  route  defined 
by  home  signals  has  been  overdone,  with  the  consequent 


special  experience  in  order  to  read  the  different  forms  of 
signals  which  really  perform  the  same  function.  It  must 
be  admitted  tliat  American  railways  arc  somewhat  in 
advance  of  English  railways  in  this  respect. 

Diilanl  (tisliiiiiiii$liiii}>  lamps. — Although  distant  arms  are 
distinguishable  in  daylight  by  the  notched  arm,  there  has 
been  no  general  move  towards  giving  a  similar  indication 
at  night-time.  Several  attempts  have,  liowever,  been  made 
to  introduce  a  means  of  giving  a  distinction  ;  one  of  the 
most  effective  being  a  notch  form  in  a  white  light  on  the 
right-hand  side  of  the  signal  lamp  (Fig.  3),  and  this  has 


Fig.  6. 


result  that  most  railways  are  now  devoting  their  attention 
to  the  abolition  of  such  signals  where  practicable,  and 
recommendations  have  been  made  by  the  Board  of  Trade, 
in  official  enquiries  into  accidents,  to  dispense  with  the  use 
of  "inner  distant"  signals.  The  author  suggests,  however,' 
that  no  hard-and-fast  rule  can  be  laid  down  on  this  point, 
as  it  is  purely  a  question  of  dealing  with  each  problem  on 
its  merits,  bearing  in  mind  the  speeds,  gradients,  and 
speeding-up  of  traffic  generally,  and  that  the  wholesale 
abolition  of  such  signals  cannot  be  justified.  For  instance, 
where  a  goods  line  runs  parallel  with  a  passenger  line, 
and  there  is  a  junction  between  them,  the  absence  of  a 
second  distant  signal  for  the  junction,  particularly  on  a 
rising  gradient,  would  result  in  an  unnecessary  reduction 
in  the  speed  of  the  goods  train  as  it  approached  the  said 
junction. 

Signal  arms  of  various  lengths  and  forms,  made  in  wood 
and  enamelled  iron,  are  used  for  main  lines,  goods,  shunt- 
ing, and-  calling-on  purposes,  and  are  provided  with  red, 
green,  and  purple  glasses  in  the  spectacles,  according  to 
the  custom  of  the  various  railways.  It  is  to  be  hoped, 
however,  that  before  long  the  type  of  signal  arms  will  be 
standardized,  as  it  seems  a  fallacy  for  drivers  of  one  com- 
pany running  over  another  company's  system  to  require 


been  adopted  by  several  of  the  more  important  railways. 
This  white  indication  is  quite  distinguishable  at  a  distance 
of  250  yards  from  the  signal,  and  in  many  cases  is  a  useful 
adjunct  in  traffic  working.  There  is  no  doubt  that  such  an 
indication  at  the  outermost  distant  signal  leading  to  shorter 
sections,  where  the  distant  arms  are  placed  under  home  or 
starting  signals,  would  be  a  great  advantage. 

Flashliglii  signals. — On  Swedish  railways  distant  signals 
.are  provided  with  flashlights  as  a  distinction  from  other 
signals.  The  flashlight  is  operated  by  a  diaphragm  valve, 
controlled  by  a  permanent  magnet  and  compressed  gas. 
The  flash  can  be  regulated  to  give  10  per  cent  light  and 
90  per  cent  darkness — or  whatever  duration  is  required — 
and  it  is  claimed  that  the  apparatus  is  effective  ;  but  it 
must  be  admitted  that  a  flickering  light  might  be  mistaken 
for  a  flashlight.  Flashlights  were  tried  about  25  years  ago 
in  this  country  and  were  not  adopted,  but  they  are  now 
being  tried  on  one  or  more  of  the  English  railways. 

Ground  signals. — Ground  signals  are  now  generally  made 
of  the  miniature  semaphore  type  (Fig.  4)  in  substitution  of 
the  disc  type.  Considerable  discussion  has  arisen  lately 
on  the  question  of  the  abolition  of  red  lights  in  ground 
signals,  it  being  considered  desirable  to  reduce  the  number 
of  red  lights  on  railways  in  order  to  prevent  hand  signals 
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wxre  amended  in   1^14,  it  being  llierc  Lud       of 


"  In  the  (.'jnc  of  disc  or  dwarf  signals,  a  white  light 
be  utcd  in  lieu  of  a  red  one,  except   when  the   >i^nals 
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the  facility  with  wliich  the  latter  can  bo  seen,  in  order 
to  give  tlic  sigiialmau  an  indication  of  the  working  of  tlie 
signal.  Home,  starting,  and  other  signals  are  also  electric- 
ally repeated  where  they  are  out  of  sight  of  the  signalman. 
These  electric  repeaters  are  preferably  of  the  3-position 
type,  showing  "on",  "off",  and  "fault".  Where  signal 
lights  cannot  be  seen  bv  the  siijnalman  at  night-time  liaht 
indicators,  electrically  operated  on  the  pyrometer  system 
by  the  expansion  bar  placed  over  the  flame  of  a  signal 
lamp,  are  also  provided  in  signal-boxes,  but  are  not  at  the 
present  time  generally  adopted.  It  is  interesting  to  note 
that  this  device  was  invented  as  far  back  as  the  year  1S66. 

In  a  paper  which  he  read  before  the  Institution  of  Civil 
Engineers.-  Mr.  A.  T.  Bi.ackall  mentioned  a  device  for 
interlocking  the  distant  signal  with  the  block  telegraph 
system  in  such  a  manner  that  it  is  impossible  for  the 
signalman  to  give  "  line  clear  "  to  the  section  in  the  rear, 
unless  at  the  time  he  attempts  to  do  so  his  distant  signal  is 
properly  at  "danger  ".  This  is  done  by  making  use  of  the 
electric  repeater  circuit,  and  ensures  that  the  distant  signal 
must  have  gone  to  the  danger  position  after  the  passing  of 
one  train  and  before  the  acceptance  of  another. 

Interlocicixg  Apparatus. 

High  tribute  must  be  paid  to  the  pioneers  and  inventors 
of  interlocking  machines,  as  this  is  the  fundamental 
principle  of  the  safe  working  of  the  traflic  on  railways,  and 
the  well-known  lirms  of  Messrs.  Stevens  &  Sons,  Saxby  & 
Farmer,  MclCcnzie  &  Holland,  The  Railway  Signal  Com- 
pany, Ransomes  i^t  Rapiei-,  Sykcs'  Interlocking  Signal 
Company,  and  Spagnoletti,  have  one  and  all  rendered 
valuable  services  to  the  world'in  the  solution  of  signalling 
problems  and  appliances  for  the  same. 

The  locking  frames  of  the  present  day  may  he  classified 
in  two  types  : — 

(fl)  Lever  frames  fixed  on  the  floor  of  the  signal-box 
w-ith  the  locking  gear  fixed  above  the  floor-level. 

(b)  Lever  frames  with  locking  gear  fixed  below  the  floor- 
level,  the  levers  being  fixed  on  a  fulcrum  below 
the  floor-level. 

The  author  favours  the  former  type  as  being  easy  to  fix, 
since  it  is  unnecessary  to  provide  a  well  in  the  signal-box  , 
floor  ;  and  it  has  the  further  recommendation  that  the 
locking  apparatus  being  fixed  on  the  floor  can  be  super- 
seded by  a  new  lever  frame  with  complete  interlocking, 
where  considerable  locking  alterations  may  be  required  in 
the  re-arrangement  of  signals  and  points,  instead  of  carry- 
ing out  the  locking  alterations  on  the  spot,  as  it  is  well 
known  that  such  alterations  occupy  considerable  time  and 
cause  much  hindrance  to  traffic  during  the  disconnection 
of  locking  gear.  In  providing  a  new  locking  frame  of  tliis 
t-.'peit  is  quite  unnecessary  to  disturb  the  signal  and  point 
connections  to  the  same  extent  as  in  a  locking  frame  in 
which  the  locking  gear  and  lever  centres  are  fixed  below 
the  floor-level,  as  shown  in  Fig.  7. 

Figs.  8  and  9  show  the  type  of  locking  frame  used 
on  the  Midland  Railway.  The  locking  is  of  the  tappet 
type,  and  ihe  tappets  are  actuated  by  the  lifting  of  the 
catch   handle,  the  movement  being  conveyed  tlirough  a 

*  A.  T.  Blackall.  Railway-signalling :  developments  on  the 
Great  Western  Railway.  Minnies  of  I'roceedings  of  the  Institution  of 
Civil  Enginef.rs,  vol.  1S5,  p.  T53, 191D-11. 


rocker  to  which  the  lappet  is  connected.  It  will  be  thus 
seen  that  no  undue  force  can  be  brought  to  bear  on  the 
locking  gear  ;  and  the  locking  blocks,  slides,  and  tappets 
are  very  much  lijLjhter,  and  the  parts  smaller,  than  in  the 
case  of  so-called  "  direct  lever  "  tappet  locking.  There  is 
also  not  the  liability  of  the  locking  being  strained  by  the 
usual  thrust  of  the  point-rod  connection.  With  direct 
lever  locking,  immediatelv  the  catch  handle  is  lifted,  in  the 


Tappet   Frame. 


event  of  the  lever  being  locked,  a  considerable  strain  is  put 
on  the  locking  gear,  and  this  is  a  disadvantage  from  a 
maintenance  point  of  view. 

Points  and  Facing  Points. 

Points,  otherwise  termed  switches,  in  lines  of  raiKv.avs, 
for  turning  trains  from  one  line  to  another,  are  in  manual 
systems  worked  with  rods  or  tubes  of  ij  in.  diameter, 
supported  on  travelling  rollers  in  order  to  reduce  the  fric- 
tion in  working,  spaced  from  6  to  8  feet  apart,  and  carried 
on  timber  stools  or  cast-iron  trestles  sunk  into  the  ground. 
Cast-iron  trestles  are,  in  the  long  run,  very  much  more 
economical  than  timber,  as  they  do  not  perish  in  the 
ground  and  when  alterations  to  rods  are  required  can  be 
used  over  and  over  again,  which  is  not  the  case  with 
timber.  From  practical  experience  the  author  has  found 
the  use  of  cast  iron,  both  for  trestles  and  crank  frames,  a 
valuable  method  of  reducing  the  cost  of  maintenance. 

Under  the  Board  of  Trade  requirements  trailing  pointi 
in  passenger  lines  can  be  worked  300  yards,  and  facing 
points  250  yards  in  manual  installations  and  300  yards  in 
power  installations  from  a  signal-box.  The  distance  for 
working  facing  points  is  restricted  to  250  yards  with  the 
proviso  that  the  plunger  should  be  detected. 
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running,  check,  and  wing  rails  is  closed  up  and  thus  pro- 
vides a  continuous  rail  on  which  the  wheels  can  run. 
Tlie  movable  diamonds  are  treated  in  exactly  the  same 
manner  as  facing  points,  and  are  provided  with  bolt  lock 
and  locking  bars,  also  the  necessary  detecting  appliances. 
This  arrangement,  however,  causes  some  coniplicalions  in 
lixing  the  gear,  on  account  of  the  conlined  space  in  the 
permanent  way  ;  but  in  the  long  run  it  effects  a  consider- 


FiG.  9. — Position  of  Lever  Frame  and  Fittings  in  Signal-box. 

able   saving   in   the   wear   and   tear,   and   is   particularly 
suitable  to  junctions  laid  out  for  fast  running. 

Interlocking. 

To  describe  briefly  the  requirements  of  a  locking 
apparatus  : — 

(a)  The  interlocking  must  be  so  arranged  that  the  signal- 
man is  unable  to  lower  a  signal  for  the  approach  of  a  train 
until  after  the  points  have  been  set  in  the  proper  position 
for  the  train  to  pass. 

(b  That  it  shall  not  be  possible  for  any  two  signals  that 
might  lead  to  a  collision  between  two  trains  to  be  exhibited 
at  the  same  moment. 

(c)  That  after  the  signals  are  lowered  to  allow  a  train  to 
pass,  it  shall  not  be  possible  to  move  any  points  connected 
with,  or  leading  to,  the  line  on  which  the  train  is  moving. 

(d)  Points  also,  if  possible,  must  be  so  interlocked  as  to 
avoid  the  risk  of  a  collision. 
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Where  railw'ays  are  Uiid  over  such  bridges,  it  i&  csM:iitial 
that  the  bridge  is  M.-cured  in  its  proper  (xisition,  so  as 
to  make  certain  that  the  rails  on  the  bridge  are  in  proper 
alignment  with  those  on  the  abutments.  For  this  purpose 
signal-boxes  are  provided,  either  on  the  bridges  or  on  each 
side  of  the  bridges,  from  which  the  necessary  bolting 
ai;  ts  are  interlocked  with  the  -  '  iig 

tl.'  1  the  signals  at  the  next  >ei.  >lc 

ol  that  the  bridge  l>oltsc.uiiiut  be  uiUiJiuwn 

uii  are  ill  the  danger  puMlioii  and  the  line  is 

blocked.  Mechanical  and  electrical  devices  are  used,  and 
bolts,  resting  blocks,  wedges,  pawls,  etc.,  are  properly 
secured  in  position.  Not  only  are  railway  opening  bridges 
treated  in  this  manner,  but  also  important  road  bridges 
over  rivers,  such  as  the  well-known  Tower  Bridge  in 
London. 

WoKKiN'u  ox  Single  Lines. 

The  Electrical  Tablet  system  allows  signals  to  be  dis- 
pensed with  at  intermetliute  stations  that  are  not  tablet- 
exchanging  stations,  and  also  enables  siding  connections  to 
be  contrulk-d,  thus  avoiding  the  :  ,  of  signal-boxes. 

The  KIcctrical  Train  Stalf  is  ..  .  item  lor   single- 

hi:  c  two  appliances  both  give  freedom, 

ex, 

In  both  inc  tablet  and  staff  systems  (Figs,  ii  and  121 
special  instruments  arc  provided,  in  which  are  stored  a 
number  of  tablets  and  staffs,  which  cannot  be  withdrawn 
without  the  consent  of  the  next  block  section,  and  upon 
one  being  taken  out  of  the  instrument  a  second  one  cannot 
l>c      '  ■   until  the  first  one  1 
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pulsory  for  the  signalman  to  take  out  a  tablet  or  staff  before 
the   starting   signal  can    be   lowered,   thus   re<l  '.ir 

chance  of  a  train  starting  au-ay  without  the  tal  :< 
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Swililtiiif:  out  hibiti  slitlioiif. — TIktc  arc  cases  where  it  may 
be  necessary  to  close  certain  lilocl:  sections  on  single  lines 
where  trains  are  still  reqnircd  to  run,  and  this  has  been  one 
of  the  difficulties  that  had  to  be  overcome.  It  is  effected 
bv  duplicating  the  instruments  in  the  station  on  each  side 
of  the  block  section  that  is  to  be  closed,  and  providing 
special  switching  apparatus  in  that  section.  In  such  cases 
it  is  only  by  the  co-operation  of  each  of  the  sections  that 
this  method  of  working  can  be  adopted  ;  but  to  prevent 
tlic  possibility  of  the  tablets  becoming  mixed  up,  tablets  of 
different  conligurations  are  used  in  llie  special  tablet  instru- 
ments, and  on  account  of  their  shape  they  cannot  be 
inserted  in  the  instruments  of  the  closed  section. 

E.vcluingiiig  tahlel  or  Iniiii  shiff. — To  prevent  the  necessity 
of  trains  slowing  down,  devices  are  in  use  to  enable  the 
tablet  or  staff  to  be  delivered  and  another  for  a  second 
section  to  be  picked  up,  thus  eliminating  the  risk  to  the 
driver  or  signalman  which  might  occur  in  travelling  at  a 
high  speed.  One  exchanging  apparatus  is  fixed  by  the 
side  of  the  railway  and  the  other  on  the  side  of  the  engine, 
and  at  a  given  moment  one  is  picked  off  the  engine  and 
another  delivered  to  the  apparatus  on  the  engine. 

System  ■without  tablet  or  staff. — This  system  is  so  arranged 
that  the  block  instruments  controlling  the  single-line  sec- 
tions also  control  the  signals  for  entering  the  sections,  the 
signals  being  actually  worked  electrically  by  the  position  of 
the  block  instruments,  i.e.  the  signal  cannot  be  taken  to  the 
oft  position  unless  the  train  is  signalled  on  the  block  instru- 
ments and  permission  obtained  from  the  section  ahead. 
The  signals  are  of  the  large  "  moon  "  or  "  banner  "  type, 
the  arm  being  enclosed  in  a  circular  cast-iron  case  with 
glass  back  and  front,  illuminated  at  night. 

Reversible  Working. 

The  difficulty  of  handling  suburban-line  traffic  at  ter- 
minal stations  is  one  that  is  experienced  by  most  railway 
companies,  on  account  of  the  rush  of  traffic  not  being  in 
the  same  direction  during  morning  and  evening  hours. 
Duplicate  lines  for  each  direction  of  traffic  is  of  course  the 
ideal  system,  but  where  the  surroundings  of  railways  do 
not  allow  of  this  without  entailing  an  enormous  expendi- 
ture of  capital,  some  means  is  desirable  to  cope  with  the 
heavy  incoming  traffic  in  the  mornings  and  the  outgoing 
traffic  in  the  evenings. 

In  the  case  of  the  three  lines  approaching  the  London 
Bridge  terminus  of  the  London,  Brighton  &  South 
Coast  Railway,  for  a  distance  of  if  milSs  two  of  the  lines 
were  originally  devoted  to  up-train  working,  and  one  line 
to  down-train  working.  At  the  time  when  the  arrangement 
was  laid  out  it  was  thought  to  meet  the  traffic  requirements, 
but  time  has  proved  that  this  is  not  so,  since  from  experi- 
ence it  is  found  just  as  essential  to  have  the  use  of  two 
lines  for  "  down  "  evening  trains  as  for  two  lines  for  "  up  " 
morning  trains.  With  the  object  therefore  of  increasing 
the  traffic-carrying  capacity  of  the  existing  lines,  a  special 
method  of  working  has  been  established  whereby  during 
the  rush  hours  the  middle  one  of  the  three  lines  is  used  for 
alternate  working  as  an  "up"  or  a  "down"  line  as  the 
case  warrants,  to  facilitate  the  dispatch  of  trains  to  and 
from  the  terminus  according  to  the  traffic  requirements. 
The  middle  line  that  is  used  for  reversible  working  is  pro- 
vided with  signals  and  lock  and  block  instruments  in  each 
direction,  which  interlock  the  signals  and  point  levers  in 


the  usual  manner,  but  are  so  arranged  that  only  one  set  Of 
signals  and  instruments  can  be  in  use  at  the  same  time 
through  the  particular  length  of  line,  an  essential  feature 
being  tliat  no  train  can  be  in  any  of  the  sections  when  the 
working  on  this  road  is  reversed  from  one  direction  to  the 
other. 

The  levers  working  tlic  signals  are  interlocked  with  a 
master  lever,  which  in  its  normal  position  releases  the 
"  up  "  signals  and  block  instruments,  and  locks  the  "  down  " 
signals  and  block  instruments,  and  vice  versa,  the  master 
lever  having  two  locks  on  the  front  with  latches  that  enter 
notches  in  the  quadrant  of  the  locking  frame.  The  keys 
for  actuating  the  latches  are  labelled  "up"  and  "down" 
respectively ;  the  master  lever  therefore  controls  tlie 
signals,  and  the  keys  control  the  master  lever. 

In  each  signal-box  instruments  are  provided  containing 
two  key  commutating  switches,  one  for  the  up  and  one  for 
the  down-line  working.  Into  these  the  controlling  keys 
are  alternately  placed,  it  being  possible  to  remove  one  key 
only  at  a  time  from  the  master  lever,  regulated  by  the 
locking.  The  key  is  inserted  in  the  special  instrument,  the 
turning  of  which  frees  the  corresponding  block  instrument  ; 
the  key  for  the  opposite  direction  of  working  being  locked 
in  the  master  lever  in  its  reversed  position. 

There  are  times  in  the  case  of  morning  "  up  "  traffic 
when  the  terminus  has  all  platform  roads  occupied,  and  in 
this  condition  the  middle  line  then  being  used  for  "up" 
traffic  becomes  no  longer  of  any  use,  because  the  inflow  of 
traffic  must  of  necessity  be  regulated  by  the  outflow  of 
traffic.  It  is  on  such  occasions  that  the  middle  line  can  be 
at  once  changed  over  into  working  for  "down"  trains, 
this  being  one  of  the  chief  advantages  aimed  at  for  handling 
the  morning  traffic  in  an  increased  quantity. 

Train-stops. 

Train-stops  for  emergenc)'  purposes  have  been  suggested 
by  the  Board  of  Trade  as  a  means  of  arresting  trains 
running  past  signals  at  danger.  It  is  comparatively  easy  to 
provide  them  on  electrified  railways  where  the  speed  does 
not  exceed  40  miles  per  hour,  but  in  the  case  of  steam 
railways,  or  even  electrified  railways  where  the  speed  may 
be  anything  from  40  to  80  miles  per  hour,  it  becomes 
increasingly  difficult  to  design  any  appliance  of  this  type 
that  will  stand  the  shock  of  impact,  and  at  the  same  time 
meet  with  the  requirements  of  express  traffic  working. 
Up  to  the  present  time  it  is  generally  considered  that  no 
known  automatic  train-control  apparatus  of  the  mechanical 
type  can  be  considered  to  be  satisfactory.  On  the  London 
Electric  Railways  train-stops  and  trip  valves  are  in  use,  and 
the  brakes  on  the  trains  are  thereby  applied  when  the  home 
or  starting  signal  is  against  the  train.  The  train-stop  is 
fixed  outside  the  line  8  inches  from  the  inside  of  the 
running  rail,  and  projects  3  inches  above  rail  level.  In  its 
vertical  position  it  corresponds  with  the  danger  position  of 
the  signal  and  works  in  sympathy  with  the  same,  so  that 
when  the  signal  is  moved  to  "clear"  by  power  the  train 
stop  is  lowered  below  rail  level.  The  trip  valve  hangs 
down  from  the  train,  engages  with  ihe  train-stop  in  its 
vertical  or  danger  position,  and  upon  striking  the  train-stop 
operates  the  brake.  Upon  the  train  being  brought  to  rest 
the  motorman  had  to  re-set  the  trip  lever  before  the  train 
could  proceed,  but  further  improvements  have  been  made 
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and  in  some  cases  is  cheaper  fo  install  than  continuous- 
current  track-circuiting  ;  moreover,  it  is  said  to  be  easier  to 
maintain,  especially  on  electrified  railways. 

On  electrified  railways  the  track  circuits  are  sanctioned 
by  the  Board  of  Trade  to  supersede  the  locking  bars  on 
facing  points,  and  the  track  circuit  electrically  locks  the 
facing  points  in  whichever  position  they  are  set  for  the 
trains  to  pass  over,  the  signal  lever  governing  the  route 
being  electrically  back-locked  until  the  train  has  passed 
the  overlap  of  the  section,  so  that  as  long  as  the  track 
circuit  is  occupied  the  points  cannot  be  moved  until  the 
train  has  cleared  the  track. 


Platelayers'  lorries  require  special  attention  where  a  track 
circuit  exists,  and  before  they  are  placed  upon  or  run  over 
any  portion  of  a  line  that  is  track-circuited  the  permission 
of  the  signalman  to  whose  signal-box  the  track  circuit  is 
connected  must  be  obtained,  owing  to  the  fact  that  lorries 
cannot  be  relied  upon,  particularly  if  unloaded,  to  short- 
circuit  the  track  so  that  signals  are  set  at  "  danger  ",  or  to 
operate  the  electric  locking  on  the  signals.  A  series  of 
rules  are  therefore  essential  in  order  to  provide  against  all 
contingencies  that  may  arise,  and  special  printed  forms 
should  be  issued,  suitable  for  all  cases,  for  installing, 
re-laying,  and  alterations,  which  forms  should  be  signed 


r^'^ 


Section. 


Elevation 
Fig.  13.— Midland  Railway,  Insulated  Joint. 


The  adoption  to  any  large  extent  of  .track-circuiting  on 
steam-worked  or  electrified  railways  has  necessitated 
greater  co-operation  between  the  permanent  way  and 
signalling  staffs  in  maintenance  work.  It  soon  became 
apparent  that  re-laying  or  repairs  to  the  permanent  way 
could  not,  with  any  degree  of  safet}',  be  carried  out  in  the 
manner  hitherto  customary,  such  as  breaking  the  road  and 
merely  placing  flagmen  in  accordance  with  the  original 
rules  and  regulations,  because  by  the  insulating  of  sections 
of  the  line  the  actual  running  rails  become  a  signal-control 
apparatus.  Thus  the  action  of  changing  crossing  and 
ordinary  rails  becomes  equivalent  to  the  disconnection  of 
signalling  arrangements,  and  the  rules  for  permanent-way 
operations  and  disconnection,  although  practically  distinct 
rom  one  another  in  the  past,  now  become  so  closely  allied 
that  one  depends  on  the  other  if  safety  is  to  be  maintained. 
In  the  ordinary  rule  book  there  is  no  mention  of  such 
appliances  as  track  circuits  or  electrical  locking,  and  it  has 
been  found  essential  that  new  rules  must  be  laid  down 
governing  such  contingencies,  as  the  act  of  changing 
running  rails  necessitates  the  breaking  of  rail  bonds,  which 
at  once  throws  out  of  gear  the  protection  given  by  such 
an  appliance. 

Before  a  track  circuit  is  installed  it  is  very  necessary  that 
the  p..  rmanent-way  engineer  should  be  informed,  in  order 
that  the  platelayers  may  know  upon  what  section  track 
circuits  exist.  Stringent  regulations  are  therefore  necessary 
to  prevent  any  new  track  circuit  being  brought  into  use,  or 
any  alteration  made  in  the  length  or  use  of  any  existing 
track  circuit,  without  the  authority  of  the  general  manager 
or  the  general  superintendent.  Even  in  the  lifting  or 
sluing  of  the  line,  or  performing  any  operation  on  a 
section  of  line  that  is  track-circuited,  the  greatest  possible 
care  must  be  taken  to  avoid  damage  to  wire  bonds  between 
the  rails,  insulated  points,  underground  cables,  or  the  boxes 
containing  the  electrical  apparatus. 


in  the  names  of  the  responsible  persons  of  the  department 
affected. 

P.REVENTION  OF    Accidents. 

Although  railway  companies  to-day  can  on  the  whole 
be  congratulated  on  the  comparatively  small  number  of 
accidents  due  to  collisions  of  passenger  trains,  taking  into 
consideration  the  enormous  number  of  trains  passing 
over  the  lines  of  railwa3'S,  the  accidents  of  the  past 
few  years,  however,  have  been  the  ■  means  of  bringing 
about  additional  and  more  improved  safety  appliances. 
It  is  no  less  a  fact,  however,  that  the  accidents 
of  late  have  been  of  a  curiously  complex  nature,  being 
brought  about  by  a  series  of  small  irregularities,  the 
concurrence  of  which  has  resulted  in  disaster.  In  the 
year  1913  all  the  fatal  train  accidents  can  reasonably  be 
attributed  to  errors  of  judgment  or  want  of  care  on  the  part 
of  employees ;  and  it  is  a  matter  of  some  small  consolation 
to  signal  engineers  that  accidents  have  not  occurred  so 
much  from  the  failure  of  signalling  appliances  in  use  as 
from  the  want  of  necessary  precaution  of  the  operating 
department  staffs  in  the  non-observance  of  rules  laid 
down,  not  only  for  the  protection  of  the  travelling  public, 
but  for  the  individual  staffs  of  all  railway  companies. 

One  of  the  most  generally  discussed  rules,  the  non- 
observance  of  which  has  been  the  cause  of  frequent 
accidents,  is  tlve  notorious  Rule  55.  This  rule  is  referred 
to  and  quoted  by  most  journals,  newspapers,  and  technical 
papers,  and  is  one  to  which  railway  companies  are  giving 
much  attention,  and  which  in  recent  years  especially  has 
been  amended,  whilst  large  sums  of  money  are  being  spent 
in  installing  appliances  for  the  protection  of  trains  detained 
at  home  or  starting  signals. 

There  is  little  doubt  that  this  rule  has  in  a  measure  not 
been  strictly  observed,  and  attempts  have  been  made  to 
find  out  why  there  has  been  the  relaxation  in  its  applica- 
tion.    It  is  now  realized  that  this  rule  can  no  longer  be 
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traffic.  It  will  therefore  be  seen  that  track  5  locks  the 
"up"  fast  home  and  "up"  fast  to  slow  home  signals, 
whereas  track  6  locks  the  "up"  fast  home  signal  and  also 
the  •'  down  "  home  signal  from  slow  to  fast  lines.  Again, 
with  Nos.  13  and  15,  it  will  readily  be  seen  that  if  the  other 
tracks  are  not  stopped  off,  a  train  passing  over  these  sub- 
divided tracks  would  lock  signals  for  opposite  movements 
on  other  lines,  to  the  detriment  of  the  traflic-working. 

The  arrangements  therefore  provide  for  a  continuous 
track  circuit  between  the  home  and  starting  signals, 
although  this  may  be  subdivided  where  necessar)'. 

In  cases  of  less  important  lines,  where  it  is  considered 
unnecess.ary  to  incur  the  expense  of  track  circuits,  they  are 
met  by  providing  a  treadle  ahead  of  the  starting  signal 
and  an  electric  lock  on  the  home  signal,  so  that  after  the 
home  signal  has  been  lowered  and  replaced  to  danger  it 
becomes  locked  in  its  normal  position  until  the  treadle 
ahead  of  the  starting  signal  has  been  operated.  Special 
mechanical  locking  is  provided  on  the  levers  working  these 
signals  so  tliat  it  is  necessary  for  the  home  signal  to  be 
restored  to  danger  before  the  starting  signal  is  replaced  ; 
and  similarly  the  starting  signal  has  to  be  replaced  to 
danger  before  the  home  signal  can  be  used  again.     This 


or  CrdCfc-arcu/C,  > 
s/gn  I 

(If/i/tf  ename//aJ  inn) 


Trdj'n  Ko/'ting'  1 
(IV/!ite  endme/kd  iro/!) 


Fig.  15. 


arrangement,  in  conjunction  with  the  interlocking  rotary 
block,  ensures  the  signals  being  at  danger  before  another 
train  can  be  accepted  on  the  block  instrument. 

Train-waiting  arrangement. — This  is  an  audible  and 
visual  system,  and  enables  a  fireman  to  inform  the  signal- 
man that  his  train  is  waiting  at  a  signal  where  it  is 
undesirable  that  he  should  go  to  the  signal-box  to  carry  out 
Rule  55.  A  plunger  and  an  electric  horn  are  fixed  on  a 
cast-iron  column  near  the  signal,  and,  on  the  arrival  of 
a  train  at  the  signal,  the  fireman  alights,  presses  the 
plunger,  and  in  so  doing  operates  an  audible  buzzer  in 
the  signal-box  and  causes  an  indicator  to  show  "train 
waiting".  In  addition  the  block  instruments  are  locked, 
and  the  needle  turned  to  the  train-on-line  position,  no 
matter  what  indication  was  there  before.  The  electric 
horn  at  the  signal  denotes  to  the  fireman  that  these 
operations  have  been  carried  out,  but  does  not  call 
for  any  acknowledgment  on  the  part  of  the  signal- 
man, as  it  is  considered  undesirable  to  require  the 
signalman  to  carry  out  any  operation  at  this  stage.  The 
signalman  cannot  remove  the  train-on-line  indication  from 
liis  or  the  rear-box  block  instrument  until  he  has  pegged 
his  instrument  to  "  train  on  line"  and  then  pulled  over  and 


replaced  the  home  signal  to  danger.  Some  companies  in 
using  a  somewliat  similar  appliance  provide  illuminated 
lamps  where  such  apparatus  is  installed,  l)ul  from 
experience  these  have  not  been  found  necessary. 

Signs  and  indications  of  exemption  from  Rule  55. — With 
the  introduction  of  appliances  for  the  protection  of  trains 
detained  at  signals,  as  before  mentioned,  it  has  been  found 
necessary  to  provide  some  distinctive  indication  on  home 
and  starting  signals  at  which  the  carrying  out  of  Rule  55 
is  dispensed  with.  At  iirst  it  was  thought  sufiicient  to 
publish,  in  tlie  weekly  traffic  notices  issued,  a  list  of  signals 
to  which  such  exemption  applied  ;  but  the  list  became  of 
such  great  length  that  it  was  deemed  unreasonable  to 
expect  the  staff  to  commit  the  same  to  memory,  and  so  two 
distinctive  signs  were  introduced,  viz. 

(a)  A  diamond-shaped  sign,  as  shown  in  Fig.  15, 
indicating  that  the  train  standing  at  the  signal  is 
protected  by  interlocking  rotary  block,  track- 
circuit,  or  treadle  arrangement. 

(6)  X  D-shaped  sign,  as  shown  in  F'ig.  15,  indicating  that 
means  are  provided  for  trainmiMi  to  protect  the 
train  by  their  own  efforts  by  pressing  the  plunger 
of  the  train-waiting  appliance,  previously  described, 
fixed  on  the  ground  at  the  signal  at  which  the 
train  is  detained. 

About  1,200  signals  on  the  Midland  Railway  are  provided 
with  these  signs.  Other  companies  are  adopting  them, 
and  it  is  hoped  that  the  practice  will   become  universal. 

Prevention  of  drivers  running  past  signals  at  danger. — 
Some  of  the  most  serious  accidents  in  recent  years  have 
been  brought  about  by  drivers  disregarding  signals  and 
thus  overtaking  other  trains,  or  causing  tlieir  trains  to  be 
derailed  owing  to  excessive  speeds  over  sections  of  line 
where  speed  restrictions  are  in  force.  This  could  be  more 
readily  understood  if  such  behaviour  on  the  part  of  the 
drivers  was  only  during  foggy  weather  before  fog-men 
are  called  out,  but  unfortunately  accidents  due  to  this 
irregularity  have  occurred  in  perfectly  clear  weather. 

Detonator-placing  machines  are  now  used  to  a  very 
considerable  extent  to  enable  the  signalman  to  comply 
with  Rule  85,  which  states  that  : — 

"  At  all  signal-boxes  (whether  intermediate  or  other- 
wise) where  no  fog-signalmen  are  appointed,  or  where 
such  men  are  appointed  but  have  not  arrived,  the  signal- 
man, when  he  requires  to  stop  an  approaching  train,  in 
addition  to  keeping  his  signals  at  danger,  must,  when 
practicable,  place  detonators  on  the  line  to  which  the 
signals  apply." 

The  detonator-placing  machine  is  sometimes  placed  a 
few  yards  inside  the  home  signal,  and  is  connected  to  the 
wire  working  the  signal.  In  other  cases  it  is  fixed  opposite 
to,  and  worked  by  a  separate  lever  from,  the  signal-box. 
About  600  of  these  appliances  are  in  use  on  the  Midland 
Railway  and  have  been  the  means  of  effectively  arresting 
runaway  trains.  The  times,  however,  call  for  a  more 
effective  and  permanent  appliance  that  will  be  in  opera- 
tion at  all  times  and  for  all  trains  ;  and  this  subject  is 
receiving  considerable  attention. 

In  finding  a  solution  of  this  problem  it  is  realized  that 
I   there  are  serious  obstacles   to   be  overcome,  the  first  of 
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approaching  a  distant  signd  which  is  at  danger,  and,  in  the 
<.-vent  of  this  warning  being  disregarded  by  the  driver,  auto- 
inaticallv  tu  apply  the  brakes  so  as  to  ensure  the  train 
•  "  :i- signal.    Another 

li.  i  the  engine  when 

the  dislaiil  >i;;iial  Is  ill  tlic  cicai  pusiiiun.  Tile  value  of 
the  latter  audihlc  signal  is  that  it  facilitates  the  luniiiiig  of 
trains  when  the  semaphore  signals  cannot  be  seen  during 
|.>,_i.  ..r  v,i,<vvstornts.  The  audible  signals  given  are  the 
!  a  siren,  indicating  "  stop  ",  and  the  ringing  of 
.1  ii.i  ;:i  luating  "proceed".  The  point  at  which  the 
.lUiliblc  ML;ii.tN  are  given  is  usually  about  400  yards  before 
(1.     In  th'  cnt 

.i  .  -»i  given  o,  ^as 

cunsidercd  undesirable,  tor   reuuns  picviuusly 
1: 

This  apparatus  involves  a  metal  ramp,  about  60  feet  in 
length,  fixed  in  the  cen'.rc  of  the  4  ft.  wav  of  the  railway, 


a  bell  on  the  engine  rings  instead,  owing  to  a  current 
picked  up  from  the  eleclrilied  ramp,  the  ettcct  of  utuch 
is  to  cut  out  or   render   inoperative  the  switch  attaciicd 

to  the  shoe,  so  that  although  the  swi!  ■' ^icd  it  does 

not  release  the   valve  admitting  air  ic  siren  to 

Ihi  :>c      It    there   1-  .11  c   !■    f'ick    up   the 
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pipe  is  opened,  the  ttrakes  tieing  applied  as  ItMugu  a 
"stop"  audible  ••>.•.    4ii..i!  had   l>ecn   ■.■iv.-ii 

This  apparatus  les  dislai.  at h  by  day 

and  night,  gives  m-iun.;  vii.;nals  to  cni;n.i.  ^^  :>ris  in  the 
cabs  of  engines,  and  dispcn-cs  with  fog  nun  at  such 
signals. 

Another  ad\'antage  of  this  system  is  that  ramp*  n»av  he 
placed  in   any  position   regaidlos    ■ 
bridges,  tunnels,  etc,  and   can   Iht  t» 
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in  connection  with  electric  train  staff  and  tablet  systems 
by  certain  niodilications. 

Several  cab-signalling  devices  have  been  brought  out 
from  time  to  time,  but  complications  have  been  introduced 
by  the  inventors  attempting  to  do  too  much  in  indicating 
signals  other  than  distant  signals.  It  may  be  laid  down 
that  two  of  the  most  important  functions  of  such  appli- 
ances are,  first,  any  failure  of  the  apparatus  should  be 
on  the  side  of  safety,  and  give  a  danger  indication  to 
the  driver  ;  and  secondly,  "  clear  "  indications  as  well  as 
danger  indications  should  be  given,  with  the  object  of 
avoiding  unnecessary  delay  to  trains. 

The  problem  of  cab-signalling  on  electrified  railways  is 
rather  a  different  matter  and  one  which  requires  much 
consideration,  as  the  space  available  in  the  4  ft.  way  is 
very  much  curtailed  in  third-rail  systems,  owing  to  the 
fact  that  the  negative  rail  is  placed  in  the  centre  of  the 
4  ft.  way,  and  consequently  the  ramps  would  have  to  be 
fixed  between  the  negative  rail  and  one  of  the  running 
rails.  There  is  every  reason  to  suppose  that  the  shoes 
would  have  to  be  duplicated  so  as  to  suit  the  reverse 
running  of  trains,  both  on  single  and  double  lines.  The 
possibility  of  such  an  apparatus  being  affected  by  ex- 
traneous currents  is  another  point  that  would  call  for 
special  consideration. 

Railophone. 

This  system,  an  invention  of  Mr.  H.  von  Kramer,  as 
applied  for  giving  an  automatic  warning  in  the  engine 
cab  of  the  vicinity  and  indication  of  a  signal,  differs  from 
anything  up  to  the  present  actually  tested  and  offered 
to  railway  companies.  The  system  is  undoubtedly  de- 
signed on  right  lines,  and  may  be  said  to  mark  the  latest 
phase  of  electrical  operation.  It  is  primarily  intended  for 
use  in  connection  with  distant  signals,  with  the  object 
of  giving  the  desired  warning  of  the  position  of  the  signal 
arm  and  causing  the  train  brakes  to  be  applied  automati- 
cally when  occasion  requires,  should  a  train  overrun  a 
signal. 

Unlike  the  automatic  train  control  previously  mentioned, 
this  system  has  no  physical  connection  or  contact  with 
either  the  rolling  stock  or  the  permanent  way,  but  is 
operated  entirely  on  the  wireless  inductive  principle,  the 
transmission  of  electrical  energy  being  between  a  fixed 
circuit  on  the  ground  and  a  circuit  placed  on  the  moving 
train. 

The  stationary  circuit  consists  of  an  insulated  conductor, 
laid  in  the  ground  some  feet  away  from,  but  parallel  with, 
the  track.  The  train  circuit  consists  of  a  large  electric 
coil  mounted  round  the  engine,  and  there  is  no  actual  con- 
tact of  any  dsscription  between  the  train  and  track.  The 
fixed  circuit  is  supplied  with  alternating  current  at  a  pre- 
determined frequency  (say  100  periods  per  second),  which 
cannot  vary  more  than  2  per  cent  up  or  down.  The  coil 
on  the  train  is  connected  to  a  K.K.  relay,  which  is  the 
essential  and  distinctive  part  of  the  whole  scheme.  This 
relay  is  the  joint  design  of  Dr.  Gisbert  Kapp  and  Mr. 
Kramer,  and  is  so  tuned  as  to  respond  only  to  the  fre- 
quency for  which  it  is  set.,  A  local  relay  circuit,  which 
makes  all  the  necessary  indications  and  controls,  is  joined 
up  with  the  vibrating  armature  reed  of  the  K.K.  relay  in 
such  a  way  that  it  is  only  when  the  relay  reed  is  vibrating 
that  the  local  relay  circuit  is  completed.     This  makes  the 


ajiparatus  a  positive  safety  one,  as  if  anything  happens  to 
the  fixed  circuit,  or  to  the  train  coil,  or  to  the  relay,  it  will 
be  seen  that  the  relay  reed  ceases  to  vibrate ;  the  local 
relay  circuit  is  then  broken,  and  the  necessary  danger 
operations  are  carried  out. 

An  experimental  installation  has  been  tested  on  the 
Midland  Railway,  but  so  far  it  has  not  been  considered 
desirable  to  publish  any  results.  It  may,  however,  be 
interesting  to  note  that  a  driver  on  approaciiing  a  distant 
signal  receives  three  short  warnings  in  quick  succession  by 
means  of  a  compressed-air  whistle  fitted  in  the  engine  cab, 
quite  irrespective  of  whether  the  signal  is  at  danger  or 
clear.  Should  the  signal  indicate  danger,  the  three  warn- 
ing signals  are  followed  by  a  fourth  prolonged  signal, 
and  the  brakes  are  automatically  applied,  but  it  is  so 
arranged  that  the  fourth  signal  and  the  application  of  the 
brakes  take  place  only  if  a  driver  fails  to  apply  the  brakes 
in  the  ordinary  way  after  the  three  warning  signals  have 
been  received.  Should  the  signal  be  in  the  clear  position 
the  train  is  allowed  to  proceed  without  interruption,  but 
the  driver  is  aware  that  he  is  passing  a  signal  by  the  three 
warning  signals  given  on  the  whistle. 

Electrically-controlled  Signals. 

The  controlling  of  signals  by  electric  slots  and  replacers 
was  first  introduced  in  loclv-and-block  installations  with  the 
object  of  automatically  placing  to  danger  the  starting 
signal  for  entering  the  section  ahead,  irrespective  of  the 
lever  in  the  signal-box  being  placed  to  its  normal,  or  danger 
position,  this  being  done  by  means  of  treadles,  and  the 
apparatus  so  constructed  as  to  render  it  impossible  to 
lower  the  starting  signal  a  second  time  unless  the  lever  was 
put  back  in  the  signal-box  and  "  line  clear  "  received  from 
the  section  ahead. 

Electric  slots  and  replacers  are  fixed  in  the  rod  working 
the  signal  arm,  and  in  some  contrivances  the  replacing 
gear  is  fixed  on  the  spindle  working  the  arm  ;  in  each  case 
the  engaging  is  effected  by  energizing  an  electromagnet 
which  holds  an  armature  or  pawl  in  position,  allowing  the 
signal  to  be  lowered  by  the  pulling  of  the  lever  in  the 
signal-box. 

Electric  Selectors. 

In  cases  where  a  calling-on  arm  or  draw-ahead  signal  is 
fixed  under  a  right-away  signal,  either  for  entering  or 
leaving  a  platform  line,  a  considerable  saving  in  working 
levers  of  manual  systems  can  be  effected  by  the  use  of  the 
above  appliances,  and  allows  of  additional  signals  being 
provided  without  introducing  extra  levers. 

The  condition  of  the  line  ahead  determines  whether  a 
clear  or  draw-ahead  signal  shall  be  given  by  means  of 
track  circuit  or  electric  fouling  bars,  the  former  being 
preferable  for  train  protection.  Although  there  is  some 
difference  of  opinion  as  to  the  advisability  of  providing 
track  circuits  in  terminal  platform  roads,  the  author  sug- 
gests from  experience  that  it  is  practicable  if  rails  are  kept 
clean.  The  upper  arm  is  free  to  be  lowered  so  long  as  the 
track  circuit  or  fouling  bars  are  unoccupied,  otherwise 
the  electromagnet  or  the  selector  is  de-energized,  and  the 
bottom  arm  then  only  can  be  lowered  ;  but  the  signals  con- 
trolled by  this  appliance  are  not  usually  placed  to  danger 
automatically. 
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able  position  to  suit  the  gradients.     There  are  two  ways  of 
dealing  with  the  problem,  viz. 

^d)  By  making  the  semi-automatic  signal  u-l  .i^  an 
ad^.iiKc  Mi^iial  to  the  rear  section,  11:  -e 

oidin.iry  hluclc  working  is  maintained  ,      71. 

(ft)  By  making  the  semi-automatic  signal  act  as  an  outer 
home  signal  to  the  advance  section  (see  Fig.  18), 
in  which  case  the  ordinary  block  system  between 
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with  and  the  trallic  is  worked  by  bell  codc- 
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closing  a  contact  in  the  signal  circuit.  The  signal  circuits 
are  so  arranged  that  when  it  is  unnecessary  to  operate  the 
points,  the  signal  levers  may  be  and  are  generally  left  in 
the  reverse  position  ;  the  signal  control  is  then  governed 
solely  by  the  track-circuited  lines  to  which  the  signals 
apply  and  becomes  entirely  automatic,  thus  enabling  block 
or  lock-and-block  instruments  to  be  dispensed  with.  This 
has  the  merit  of  enabling  existing  signal-boxes  and  locking 
frames  to  be  retained,  where  necessity  arises,  wlien  install- 
ing automatic  signalling  on  steam  or  electriiied  lines,  and 
very  considerably  reduces  the  cost  of  installation,  as 
against  "  scrapping"  existing  locking  frames  and  providing 
power  frames  working  points.  It  thus  places  the  recon- 
struction of  signalling  systems  within  reasonable  reach 
of  railway  companies  at  a  comparatively  lower  cost  of 
expenditure. 

AUTO.MATIC    SiGXALLIN'G. 

The  object  to  be  attained  by  the  use  of  automatic 
signals,  unlike  that  of  manual  block  signals,  is  to  compel 
a  signal  being  put  to  danger  behind  each  train  on  a  double 
line  of  railway,  and  cause  it  to  remain  in  that  position  until 
the  train  has  gone  a  certain  distance  beyond  that  signal. 
In  the  case  of  single  lines  the  same  object  is  attained,  with 
the  addition  that  at  all  times  a  signal  governing  movements 


entering  the  section,  the  signals  remain  in  that  position 
until  they  require  lowering  for  the  following  train,  this 
being  done  by  tlie  approaching  train  lowering  the  signals 
if  the  section  ahead  is  not  occupied  for  traffic  in  the  same 
direction.  This  system  necessitates  greater  complications 
in  the  electrical  connections,  as  the  track  circuits  have  to 
be  so  arranged  as  to  lower  the  signals  in  addition  to 
replacing  them  to  danger.  There  is,  however,  one  claim 
that  has  been  made  in  favour  of  the  system,  viz.  that  plate- 
layers at  work  on  the  line  are  warned  of  the  approach  of  a 
train  l">3'  the  lowering  of  the  signal  arm,  wliere  the  same 
security  is  not  afforded  by  a  signal  standing  in  the  normal!}' 
clear  or  "  off  "  position.  Experience  has  proved,  however, 
that  there  is  not  as  much  in  this  contention  as  might  appear 
on  first  consideration. 

In  normally  clear  systems  the  entering  of  a  train  into  the 
track-circuited  section  places  the  signal  in  the  rear  to 
danger,  and  the  clearing  of  the  block  sectionj  by  the 
passage  of  the  rear  wheels  of  the  train  out  of  it,  resets  that 
signal  to  the  clear  position,  ready  for  a  following  train  in 
the  same  direction  to  approach.  Those  in  favour  of  this 
system  contend  that  the  electrical  connections  are  fewer 
and  more  simple,  and  from  a  maintenance  point  of  view ' 
less  costly.  There  is  much  to  be  said  in  favour  of  the 
normally  clear  system,  because,  after  all,  automatic  signals 
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in  the  direction  opposite  to  which  the  train  is  moving  must 
be  displayed  in  the  danger  position  some  distance  ahead 
of  the  train. 

Automatic  signalling  is  an  admirable  substitute  for  the 
block  system,  the  signal  movements  being  governed  by 
electric  or  pneumatic  agency,  controlled  by  the  passage  of 
a  train  into,  through,  and  out  of  the  block  section  to  which 
the  signals  apply,  this  being  effected  by  the  action  of  the 
train  alone  operating  the  track-circuited  sections  of  the 
lines  controlling  such  signals,  the  ideal  arrangement  of 
automatic  signals  being  such  as  to  secure  the  maximum 
capacity  for  train  movements  over  a  given  length  of  line, 
bearing  in  mind  the  effect  of  gradients  and  curves  on  the 
traffic.  Speaking  generally,  it  may  be  considered  that  two 
systems  of  automatic  signalling  are  used,  viz. 

(a)  Normally  danger. 

(b)  Normally  clear. 

It  must  be  admitted  that  both  systems  have  their  good 
points,  and  the  question  as  to  which  is  the  more  suitable  is 
one  that  has  been  the  subject  of  much  discussion  and  con- 
troversy in  the  past ;  and  even  to-day  there  are  some  who 
favour  the  former  system. 

The  normally  danger  system,  in  which  the  signal  stands 
continually  at  danger  except  when  trains  are  required  to 
pass  along  the  line,  agrees  with  the  normal  position  of  a 
mechanical  or  manual  system,  and  complies  with  the 
standard  practice  of  the  block  regulations  as  laid  down  for 
traffic  working.     After  being  placed  to  danger  by  the  train 


differ  considerably  from  mechanical  or  manual  systems,  as 
they  simply  indicate  to  drivers  that  the  section  or  sections 
ahead  are  clear  and  are  an  indication  of  the  condition  of 
the  line  ahead. 

In  all  automatic-signalling  installations  there  is  the  risk 
of  trains  being  unduly  delayed  at  signals  in  the  event  of 
failure  of  the  apparatus,  in  which  case  the  signal  would 
remain  at  danger.  To  provide  against  such  a  contingency 
it  is  customary  to  allow  drivers  to  pass  the  signal  in  the 
danger  position  after  coming  to  a  stand  and  waiting  a 
prescribed  time,  as  laid  down  in  the  rules  and  regulations 
of  working.  After  starting  again  the  driver  is  allowed  to 
proceed  cautiously,  being  prepared  to  stop  at  or  before 
reaching  the  next  signal.  If  the  next  signal  is  at  clear  he 
may  proceed  at  regular  speed  until  reaching  the  next 
signal  at  danger. 

Fig.  20  shows  an  arrangement  of  automatic  signals  for 
one  road  on  a  double  line  of  railway.  Single  lines  of  rail- 
way can  be  worked  by  means  of  automatic  signalling 
instead  of  by  train  staff  or  tablet  systems,  but  up  to  the 
present  the  author  is  not  aware  that  such  an  arrangement 
is  in  use  in  this  country. 

Overlaps. 

These  consist  of  an  extension  of  a  track  circuit  from  loo 
to  440  yards  ahead  of  a  signal,  such  track  circuit  and  its 
extension,  when  occupied,  securing  the  signal  in  the  rear 
at  danger. 

Overlaps  are  used  to  guarantee  that  a  space  is  provided 
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The  j-jx>sitioii  upper-quadrant  signal  practically  per- 
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A  3  ;  ijjnal  lias  been  designed  for  the  purpose  of 

giving  in  the  hori/ontal,  "caution"  at  an  upward 

inclination  01  45°,  and  "clear"  in  the  vertical  position; 
and  provides  for  the  abolition  of  the  distant  signal  alto- 
gether. It  has  yet  to  be  proved  whether  such  a  measure 
is  justiliable,  or  will  meet  the  requirements  of  very  busy 
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trains  are  delayed  longer  at  one  station  than  another,  due 
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There  are  cases  on  the  underground  railways  in  England 
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exftedite  matters. 

Up  to  the  present  time  3-position  signals  cannot  br  said 
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before  stated,  this  type  of  signal  is  intended  to  supersede 
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engine-miles  run.  Thus,  it  is  stated  that  in  u;o8  on  a 
percentage  of  a  total  mileage  of  23'S3  there  were  26'2i 
accidents,  whereas  in  191 2  the  percentage  of  total  mileage 
was  30'95,  and  the  percentage  of  accidents  (r(i-j.  In  the 
former  case  tliere  were  2,324  miles  of  track  with  automatic 
signalling,  and  in  the  latter  3,216  miles.  It  is  a  difliciiU 
matter,  however,  to  compare  these  ligures  with  those  of 
accidents  on  English  railways,  because  it  depends  very 
much  as  to  what  is  included  under  the  heading  of  acci- 
dents, but  it  would  appear  that  English  records  are  better 
for  1912,  because,  taking  the  Midland  Railway  as  an 
example,  46  million  train-miles  were  run  and  26  collisions 
between  trains  occurred,  tliis  representing  only  o-6  collisions 
to  every  million  train-miles  run,  and  therefore  showing 
greater  safetj'  of  working,  compared  with  the  figures 
quoted  in  tlie  statistics  relating  to  .American  railways. 

Power  Sigxaluxg. 

This  is  a  means  of  operating  an  interlocking  system  of 
points  and  signals  by  some  form  of  power  other  than 
manual,  in  which  levers  for  moving  points  or  signals  by 
levers,  rods,  and  wires,  are  supplanted  by  levers  or  slides 
which  close  or  open  valves  or  electric  circuits.  The  levers 
or  slides  are  small  and  are  placed  close  together,  so  that 
the  length  of  locking  frames  and  signal-boxes  is  at  once 
reduced,  and  they  can  be  placed  in  confined  places, 
without  disturbing  the  lay-out  of  the  roads  in  large 
stations  or  yards.  Consequently  they  do  not  call  for 
additional  expense  in  land  as  against  what  would  be 
required  in  manual  installations. 

The  question  of  power-working  at  small  stations  on 
ordinary  railways  is  hardly  worth  considering  on  account 
of  the  extra  cost  of  the  same,  but  in  large  manual  signal- 
boxes  where  there  is  a  constant  succession  of  train  move- 
ments, the  labour  performed  b\'  signalmen  is  very  heavy, 
and  as  power-working  imposes  no  physical  exertion  on  the 
part  of  the  signalman  the  work  is  necessarily  easier.  At 
the  same  time,  although  some  writers  have  gone  so  far  as 
to  say  that  one  man  working  a  power  frame  can  do  the 
work  of  three  with  an  ordinary  fame,  it  is  a  debatable 
question  whether  a  signalman  can  attend  to  many  more 
roads  and  signals  in  a  power  system  than  in  a  manual  one, 
as  it  is  more  a  matter  of  mental  concentration  than 
muscular  exertion,  and  it  must  be  admitted  that  in  all- 
mental  work  there  is  a  limit  of  possibilities.  There  are, 
however,  many  advantages  in  power-working  as  against 
other  methods,  as  several  sets  of  points  can,  if  necessary, 
be  operated  by  one  lever,  and  more  than  one  signal  can 
be  operated  per  lever  by  the  aid  of  a  selector  arrange- 
ment, so  that  on  the  whole  the  total  number  of  working 
levers  can  be  very  materially  reduced. 

There  is  a  further  advantage  attained  in  relation  to 
facing  points,  as  the  Board  of  Trade  requirements  in 
regard  to  the  maximum  distance  for  working  the  same 
by  power  have  been  relaxed,  this  distance  being  extended 
to  300  yards  from  the  signal-box.  This  concession  alone 
is  most  helpful  in  the  laying  out  and  planning  of  works, 
and  thus  recommends  itself  to  railway  engineers. 

The  essential  features  of  a  power  system  are  that  the 
operation  of  all  points  and  signals,  etc.,  must  be  ensured, 
and  that  the  possibility  of  any  movement  not  being  com- 
pleted must  be  guarded  against.  All  operations  by  power 
are  distinctly  different  in  practice  from  manual  operations, 


because  in  power  systems  there  is  nothing  to  tell  the 
signalman,  by  the  sense  of  touch,  that  an  intended  move- 
ment of  any  mechanism  has  been  satisfactorily  completed. 
Whereas  with  manual  systems  the  power  exerted 
guarantees  that  at  anv  rate  a  portion  of  the  movement 
has  been  attained  by  rigid  connections  in  the  case  of 
points  and  facing-point  locks  or  bolts  and  the  wire  con- 
nection to  signals,  all  of  which  can  be  regulated  by 
mechanical  means  as  required. 

This  particularly  applies  where  outlying  points  are 
worked  from  ground  frames,  controlled  by  rods  from  a 
signal-box,  in  which  case  the  control  or  locking  is  to  all 
intents  and  purposes  reciprocal.  In  power  systems, 'how- 
ever, this  is  not  so,  and  in  order  to  get  the  same  result  the 
locking  in  one  direction  must  be  counter-locked  in  the 
other  direction.  For  instance,  the  fact  of  releasing  a  bolt 
lock  on  a  ground  frame  does  not  prevent  the  lever 
effecting  the  release  being  replaced  ;  and  therefore  the 
lever  in  the  ground  frame  thus  released  and  working  the 
points  must  in  a  like  manner  operate  a  back-lock  on 
the  lever  in  the  signal-box.  Detection  of  signals  and 
points  is,  however,  easier  and  more  elastic  than  in  manual 
systems  on  account  of  the  absence  of  the  regulation  of 
wire  connections,  and  lends  itself  to  overcome  many  difli- 
culties  experienced  in  the  manual  system. 

Electro-pxeumatic  System. 

A  large  number  of  signal-boxes  have  been  installed  in 
England,  and  the  largest  installation  is  stated  to  be  that  at 
the  Glasgow  Central  Station  of  the  Caledonian  Railway. 
It  consists  of  338  working  levers  controlling  112  points  and 
245  signals,  and  it  is  needless  to  say  that  this  installation 
has  proved  its  value.  The  levers  in  the  locking  frame, 
after  being  moved  sufliciontly  far  to  operate  the  points, 
cannot  be  moved  completely  over,  owing  to  a  stop  termed 
a  "check  lock",  which  is  electrically  removed  when  the 
points  have  gone  properly  over,  after  which  the  lever  is 
free  to  be  moved  over  completely.  The  mechanical 
locking  of  the  tappet  type  then  allows  the  necessary  signal 
levers  to  be  pulled  over.  If  for  some  reason  due  to  the 
points  not  working  properly,  the  point  lever  cannot  be 
moved  right  over,  the  signals  for  the  particular  route 
cannot  be  lowered.  A  somewhat  similar  arrangement  is 
provided  on  the  signals,  and  compels  the  signal  being 
properly  placed  to  danger  before  the  signal  lever  can  be 
restored  completely  to  its  normal  position.  The  signalman 
is  thus  advised  of  any  failure  due  to  the  signal  not  going 
to  danger,  and  locks  up  the  apparatus  so  that  further 
movements  are  impossible. 

In  the  earlier  type  of  locking  frame,  handles  turned  to 
the  left  or  right  were  used,  but  in  English  practice  small 
vertical  levers  pulled  over  as  in  manual  systems  are  pro- 
vided, it  being  considered  more  consistent  with  the  usual 
practice  in  this  country.    ' 

The  mechanism  for  operating  the  points  is  placed  out- 
side the  4  ft.  way,  and  consists  of  an  escapement  bell  crank, 
the  plain  end  being  connected  to  the  stretcher  rod  of  the 
points,  and  the  escapement  end  operated  by  means  of  a 
slide  with  a  projection  or  roller  connected  to  the  piston 
rod.  Air  is  admitted  to  the  cylinder  at  one  or  the  other 
end  and  gives  the  necessary  movement  to  the  slide  operating 
the  bell  crank,  which  is  also  connected  to  the  locking  bar. 
The  total  movement  of  the  slide  produces  three  distinct 
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operated,  and  should  any  points  be  moved  or  interfered 
with  by  accident  or  design,  the  signal  circuits  affected  by 
the  position  of  tlie  points  cause  the  signals  to  go  to 
danger,  if  off,  or  to  be  held  at  danger  as  the  case  may  be. 
A  great  advantage  of  the  constant-detection  principle, 
although  the  system  is  perhaps  more  costly  in  inslallation, 
is  that  it  enables  a  failure  of  detectors  to  be  easily  located, 
and  thus  saves  much  running-about  on  the  part  of  the 
signal  fitters  and  consequent  loss  of  time.  From  the  ex- 
perience of  others  it  may  be  contended  that  this  method 
is  preferable,  as  most  troubles  can  be  located  in  the  lever 
frame  in  the  signal-box  instead  of  having  to  be  sought  fcr 
on  the  ground.  This  perliaps  will  appeal  generally  as  one 
of  the  vital  points  of  power  signalling,  as  electricity  is 
doubtless  the  coming  motive  power  for  operating  points 
and  signals. 


Ali.-electric  System  with  Dynamic  Indication-. 

This  interlocking  system  is  a  somewhat  novel  departure 
from  other  systems  of  power-worked  installations  as  regards 
the  means  of  detecting  in  the  locking  frame  the  normal 
and  reversed  positions  of  the  points,  in  order  to  make 
certain  that  the  movement  of  the  points  corresponds  with 
the  position  of  the  lever  in  the  signal-box. 

The  stroke  of  the  lever  is  divided  into  two  movements. 
The  first  movement  locks  all  conflicting  levers  and  operates 
the  point  mechanism  ;  but  in  the  second  and  final  move- 
ment the  stroke  of  the  lever  can  only  be  completed  when 
the  point  mechanism  has  done  its  work  in  operating  the 
points.  This  final  movement  can  be  made  after,  and  only 
after,  the  dynamic  indication  has  been  received  certifying 
that  the  operated  function  has  assumed  a  position  corre- 
sponding with  that  of  the  lever  in  the  signal-box. 

When  the  points  are  to  be  operated  the  first  movement 
of  the  stroke  of  the  lever  in  the  signal-box  permits  current 
to  flow  to  the  motor,  thereby  causing  the  mechanism  to 
move  the  points  to  the  opposite  position  and  lock  them  in 


that  position.  When  this  movement  has  been  completed, 
the  circuit  through  the  switch  motor  is  automatically 
changed,  the  motor  being  disconnected  from  the  battery 
and  connected  in  a  closed  circuit  including  the  indication 
magnet.  At  the  same  time  the  armature  terminals  are 
reversed  for  indication  purposes,  this  leaving  the  motor 
connections  in  the  proper  position  for  the  next  operation. 
The  motor  now  becomes  a  dynamo,  and  with  the 
momentum  acquired  during  the  operation  of  the  point 
movement  generates  a  momentary  current  which  energizes 
the  indication  magnet,  this  permitting  the  final  movement 
of  the  lever  in  the  signal-box  to  be  completed,  releasing 
sucli  levers  hitherto  locked.  The  movement  of  the  points 
can  be  reversed  at  any  portion  of  the  travel  by  tlie  operator 
at  will,  and  the  lever  movement  completed  upon  the  points 
assuming  a  position  corresponding  with  that  of  the  lever, 
irrespective  of  tlie  direction  of  the  first  movement  made  by 
the  lever. 

Tlie  complete  point  operation,  and  the  final  movement 
of  the  lever,  can  be  accomplished  in  from  2  to  2^  seconds, 
the  indication  being  practically  instantaneous  with  the 
completion  of  tlie  point  operation. 

The  indication  that  the  points  have  moved  correctly  is 
given  by  a  current  generated  by  the  momentum  of  the 
motor,  and  can  therefore  be  obtained  only  after  the  actual 
operation  of  the  point  mechanism,  no  additional  power 
being  required  for  the  indication  that  the  points  are 
properly  set  to  allow  of  the  required  signals  being  lowered 
to  give  permission  for  a  train  to  proceed. 

The  author  wishes  to  take  this  opportunity  of  acknow- 
ledging much  valuable  assistance  in  collecting  matter  and 
preparing  illustrations  for  this  paper  from  the  signal  engi- 
neers of  the  various  railwaj's,  Messrs.  Saxby  &  Farmer, 
Ltd.,  The  McKenzie,  Holland  &  Westinghouse  Power 
Signal  Company,  Ltd.,  The  British  Pneumatic  Railway 
Signal  Company,  Ltd.,  The  Railway  Signal  Company,  Ltd., 
W.  R.  Sykes'  Interlocking  Signal  Company,  Ltd.,  and 
members  of  his  own  staff. 


Discussion. 


Mr.  Hursi.  Mr.  A.  Hurst  :  It  will  be  gathered  from  the  paper  that 
not  only  has  a  railway  signal  engineer  to  be  acquainted 
■with  mechanical  and  electrical  work  and  appliances  but 
that  he  has  also  to  provide  what  is  required  to  expedite 
and  get  traffic  over  the  lines  without  sacrificing  safety  ; 
his  work  is  therefore  largely  ruled  by  facts,  often  of  very 
opposing  kinds.  For  example,  the  signalling  of  a  line  for 
goods  traffic  would  require  the  signals  to  be  placed  at 
certain  points  at  such  distances  apart  as  would  accom- 
modate the  length  of  a  train,  and  at  other  points  so  that 
sufficient  distance  is  allowed  to  bring  the  train  to  a  stop 
before  .caching  the  next  signal  ;  but  such  distances  would 
be  unsuitable  for  express  trains  which  are  fitted  with 
powerful  brakes  and  can  therefore  stop  in  shorter  dis- 
tances, and  moreover  the  length  of  such  trains  being  less 
the  space  between  certain  signals  could  be  reduced  as 
compared  with  that  necessary  with  goods  traffic.  Signals 
have  therefore  to  be  fixed  to  accommodate  the  maximum 
length  of  trains,  somewhat  to  the  detriment  of  express 
trains.  The  author  has  shown  in  Fig.  6  how  letters  or 
figures  are  sometimes  used  in  conjunction  with  a  single 
signal  to  indicate  the  various  routes  which  may  be  taken 


by  a  train.  In  a  case  with  which  I  had  to  deal,  such  an  Mr.  Hu 
arrangement  became  absolutely  necessary  because  the 
number  of  signals  was  so  great  that  it  was  impossible  to 
include  them  all  within  the  width  of  the  railway,  with  the 
result  that  both  letters  and  figures  were  used.  There  were 
seven  lines  leading  into  and  out  of  an  important  station, 
which  were  lettered  A,  B,  C,  D,  E,  F,  G,  of  which  A,  B,  D,  F, 
were  incoming,  and  C,  E,  G,  outgoing  lines,  E  and  G 
being  also  incoming  lines  for  a  short  distance  near  the 
station  end.  The  driver  of  a  train  coming  along  line  B, 
for  example,  would  receive  under  the  signal  referring  to 
that  line  an  indication  whether  the  train  was  to  proceed 
along  B  line  or  to  cross  over  into  D,  E,  F,  or  G  lines.  In 
a  similar  manner  at  the  next  signal  he  would  receive  an 
indication  in  the  form  of  a  number  showing  into  which 
platform  the  train  was  being  sent.  In  this  case  both  letters 
and  numbers  are  used  for  the  same  train,  in  nearly  the 
same  way  as  that  shovvn  by  the  author.  It  sometimes 
happens  that  it  is  impossible  to  erect  signals  in  the  best 
positions  ;  some  supplemental  device  has  then  to  be  intro- 
duced in  order  to  get  over  the  difficulty.  One  way  is  by 
the  use  of  locking  bars.     Suppose  that  a  junction  is  situ- 
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fore  appears  more  a  question  of  providing  full  braking 
distance  between  the  distant  signal  and  the  stop  signal. 
This,  I  believe,  is  the  practice  throughout  the  automatic 
sections  on  the  London  &  South-Westorn  Railway  and 
also  generally  in  America.  By  dispensing  with  over-laps 
the  wiring  is  simplified  and  use  can  be  made  of  a  polarized 
track  relay  for  tlic  clearing  of  tlie  distant  signals,  thus 
reducing  the  amount  of  wiring  between  signal  and  signal 
to  a  minimum.  On  page  781  reference  is  made  to  3-position 
signals.  I  am  afraid  the  author  has  rather  a  poor  opinion 
of  these  signals,  as  in  the  first  case  he  states  thcj'  would 
prevent  close  working  in  short  sections,  whilst  a  little 
farther  on  he  states  that  where  sections  are  over  8oo  yards 
it  is  feared  that  difficulties  will  arise.  This  therefore 
apparently  restricts  the  use  of  tliese  signals  to  sections  of 
about  half  a  mile.  I  think  the  author  is  unduly  nervous  ;  I 
have  recently  looked  into  this  question  somewhat  closely, 
and  I  tliink  that  the  3-position  signal  will  do  all  that  is  now 
done  by  the  2-position  signal  and  also  a  good  deal  more. 
The  Great  Western  Railway  engineers  claim  to  have  had 
the  first  3-position  "signal"  in  use  in  England,  but  I  hope  to 
show  later,  on  behalf  of  the  Great  Central  Railway,  that  my 
company  was  the  first  to  introduce  3-position  "signalling" 
in  this  country.  I  should  like  to  refer  back  to  Fig.  20,  the 
lower  half  of  which  appears  to  indicate  a  3-position  signal 
scheme,  but  I  cannot  trace  an}'  reference  to  the  same  in 
the  context.  The  signal  on  the  extreme  left  is  clearly  a 
3-position  upper  quadrant  signal  in  the  90°  positioUj  but 
that  on  the  right  is  an  o'rdinary  distant  signal  arm  under- 
neath a  stop  arm,  and  as  this  appears  somewhat  unusual  I 
shall  be  glad  if  the  author  will  explain  what  is  intended. 
On  page  783  pneumatic  signalling  is  referred  to.  There 
are  on  the  Great  Central  s)'stem  19  cabins  worked  on  this 
system,  all  of  which  give  the  utmost  satisfaction.  The 
most  recently  installed  is  the  one  at  the  London-road 
terminus,  Manchester.  This  particular  installation  deals 
with  very  heavy  traffic  and  I  think  I  am  justified  in  saying 
that  the  results  have  been  excellent,  as  our  failure  record 
in  six  months  consisted  onl}'  of  two,  one  of  which  was 
attributed  to  sand,  so  that  whilst  the  working  is  greatly 
facilitated  the  delays  are  inconsiderable.  In  conclusion 
I  should  like  to  refer  to  the  "  all  electric "  system  of 
signalling  with  the  dynamic  indication.  We  have  recently 
installed  six  cabins  having  this  type  of  signalling,  totalling 
372  levers.  This  installation  is,  I  think,  so  far  the  only  one 
of  its  kind  in  this  country.  It  has  been  in  use  now  for 
about  two  years  and  has  given  very  little  trouble.  One  of 
the  chief  surprises  to  me,  approaching  the  subject  as  I  did 
a  firm  adherent  of  pneumatic  signalling,  was  the  low  cost 
of  operation.  For  i  kilowatt-hour  about  500  point  and 
signal  movements  can  be  made,  so  that  it  can  readily  be 
seen  that  with  current  at  a  cheap  rate,  say  id.  per  unit, 
the  cost  of  operation  is  hardly  worth  consideration.  As 
far  as  the  system  itself  is  concerned,  I  think  it  is  on  the 
lines  which  will  be  justified  by  the  test  of  time.  One  of 
the  criticisms  usually  made  in  regard  to  electric  interlocking 
is  the  possibility  of  stray  currents,  etc.,  giving  false  indica- 
tions, but  in  this  particular  system  the  indication  as  its 
name  implies  is  produced  through  current  provided  by  the 
over-run  of  the  motor  on  the  completion  of  the  movement, 
and  no  other  source  will  give  this  indication.  There  is 
therefore  no  fear  on  this  head  or  from  contacts  being 
improperly  made,  where  the  indication  is  obtained  from  a 


battery  located   at    tin.-    same   end    of   the   circuit   as   the  Mr.  Bou 
indication  magnet  itself. 

Mr.  C.  M.Jacobs  :  My  experience  is  that  track-circuiting  Mr.  Jaco 
cannot  be  relied  upon  to  give  "  broken-rail  "  protection. 
I  suggest  that  it  is  possible  that  liglit  vehicles  might  not 
effectively  short-circuit  such  short  track  circuits  as  those 
shown  at  the  junctions  in  Fig.  14,  and  I  should  like  to 
know  whether  the  author  absolutely  relies  on  the  track 
circuits  in  such  cases  to  give  fouling  protection. 

Mr.  C.  S.  S:^ELL  :  With  reference  to  the  author's  remarks  Mr.  Snel 
on  page  777  in  regard  to  automatic  train  control  and 
audible  signals,  the  audible  signals  given  are  the  sounding 
of  the  siren  indicating  "  stop "  and  the  ringing  of  a  bell 
indicating  "  proceed."  The  point  at  which  the  audible 
signals  are  given  is  usually  about  400  yards  before  the 
distant  signal  is  reached.  Now  owing  to  these  audible 
signals  being  given  at  such  a  distance  from  the  distant 
signal,  there  is,  in  my  opinion,  rather  a  tendency  to  confuse 
the  driver  under  certain  circumstances.  For  instance, 
supposing  he  receives  a  sounding  of  the  siren  (indicating 
"  stop")  on  passing  the  point  400  yards  before  the  distant 
signal,  the  signal  is  pulled  "off"  in  the  time  required  to 
travel  up  to  it  and  the  driver  sees  it  at  "clear",  yet  his 
audible  signal  told  him  it  was  at  "  danger ".  This 
immediately  causes  him  to  doubt  whether  his  audible-signal 
apparatus  is  working  correctly,  and,  as  doubt  is  one  of  the 
last  states  of  mind  a  driver  should  be  in,  I  think  that  the 
only  place  for  such  an  apparatus  as  that  mentioned  should 
be  at  the  signal  itself,  which  fact  would  allow  the  driver 
plenty  of  time  to  get  his  train  under  control  and  be 
prepared  to  stop  at  the  home  signal. 

Mr.  W.  S.  Roberts  :  I  am  quite  in  agreement  with  the  Mr.  Rot 
author's  remarks  on  page  766  that'no  hard-and-fast  rule  can 
be  laid  down  in  regard  to  distant  signals,  and  that  each 
installation  should  be  decided  on  its  merits.  I  also  agree 
that  in  certain  instances  the  provision  of  distant  signals  for 
each  route  has  been  overdone.  I  think,  however,  it  would 
be  as  well  to  review  the  circumstances  which  have  been 
responsible  for  the  present  practice  as  they  appear  to  me. 
Some  time  ago  the  practice  prevailed  in  certain  directions 
of  allowing  a  distant  signal  to  be  lowered  in  conjunction 
with  home  signals  for  several  diverging  routes.  The  dis- 
advantage of  this  was  many  times  made  evident  by  mishap 
after  mishap  due  to  the  driver  thinking  he  was  taking 
another  route.  This  primarily  led  to  the  locking  of  the 
distant  signal  for  the  main  road  only,  and  the  driver  had  to 
pass  it  at  "  danger "  for  any  other  routes.  This  was  not 
satisfactory,  as  it  did  not  tell  the  driver  whether  he  was  to  be 
prepared  to  stop  at  the  home  signals  or  whether  he  was  to 
be  prepared  to  take  another  route,  consequently  he  had  to 
rely  upon  his  judgment  as  to  how  the  particular  train  was 
usually  dealt  with  at  the  particular  place.  Such  conditions 
not  being  satisfactory  the  practice  grew,  more  or  less,  into 
providing  a  distant  signal  for  each  running-route  home 
signal.  This,  as  previously  mentioned,  was  in  many 
instances  overdone,  and  without  doubt  contributed  to  the 
outcry  against  so  many  "  red  lights  "  being  exhibited  and 
so  many  lamps  having  to  be  maintained.  Recently  the 
tendency  has  been  to  encourage  the  cutting  down  of  the 
number  of  distant  signals,  but  if  we  revert  to  the  practice  of 
only  single  distant  signals  it  is,  in  my  opinion,  a  retrograde 
move  and  it  would  seem  apparent  that  we  shall  have  again 
to  go  througli  all  the  trouble  which  formerly  encouraged 
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train  is  running  on  "  line  clear  "  the  reed  of  the  K.K.  relay 
is  swinginij  and  makes  contact  in  a  local  circuit  which 
contains  a  continuous-current  electromagnet  holding  its 
armature  up.  When  the  train  enters  into  a  section  where 
the  wire  i  is  deviated  into  position  3.  the  reed  of  the  relay 
ceases  to  swing  and  breaks  the  local  circuit,  causing  the 
armature  of  the  continuous-current  magnet  to  drop  ;  tliis 
movement  is  used  to  sound  a  whistle,  and  if  the  driver 
neglects  to  applj-  the  brake  within  a  reasonably  short  time, 
it  is  applied  automatically.  In  any  system  of  signalling 
there  must  be  some  transmission  of  energy.  In  the 
mechanical  train  -  stop  the  transmission  is  by  impact 
through  levers,  wires,  and  connecting  rods  ;  whilst  in  the 
railophone  electromagnetic  system  the  transmission  is  by 
etheric  waves.  Mechanical  organs  may  break,  but  ether 
waves  cannot  break.  There  is  thus  no  more  reliable  agent 
for  the  transmission  of  energy  than  the  ether,  and  for  this 
reason  I  consider  an  electromagnetic  system  to  be  a  much 
more  reliable  link  between  the  signalman  and  the  driver 
than  the  most  elaborate  mechanical-impact  system.  In 
Fig.   B   is   shown   the    arrangement   for   giving   warning 
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7 

Line  bloated 
Fig.  B. 

signals,  mentioned  in  the  paper  as  in  use  on  the  Midland 
Railway.  For  simplicity  I  have  shown  deviation  loops, 
though  actually  a  slightly  different  system  known  as 
appendix  loops  has  been  installed.  The  effect  is  the  same, 
but  the  amount  of  ground  wire  in  the  deviation  loops  is 
less ;  and  this  improvement  lately  introduced  by  Mr. 
Kramer  is  likely  to  become  standard  practice.  The 
deviation  loops  are  connected  with  the  line  wires  by 
switches  mechanically  controlled  by  the  same  levers  which 
operate  the  signal  arms.  It  will  be  noticed  that  a  bad 
contact  in  any  of  these  switches  gives  the  danger  whistle, 
thus  announcing  itself.  In  front  of  the  deviation  loop 
proper  are  three  short  deviation  loops  which  are  perman- 
ently in  circuit,  thus  giving  three  short  whistles  when  the 
train  is  approaching  the  distant  signal.  The  time  is  too 
short  to  allow  of  the  brakes  being  applied  automatically  ; 
the  three  whistles  merely  call  the  attention  of  the  driver 
to  the  fact  that  he  is  approaching  the  distant  signal.  If  it 
is  at  "  line  clear "  nothing  else  happens  and  the  train 
runs  on.  If  it  is  at  "  danger "  the  whistle  sounds  on 
entering  the  section  and  the  driver  applies  the  brakes. 
Since  the  relay  is  of  the  resonating  type  it  requires  an 
extremely  small  power  to  keep  the  reed  in  vibration.  The 
luning  need  only  be  accurate  to  within  i  or  2  per  cent, 
a  condition  easily  filled  with  modern  alternating-current 
machinery. 
Mr.  strange.  Mr-  C.  E.  Straxge  :  On  page  772  the  author  refers  to  the 
reversible  working  on  the  London,  Brighton  &  South 
Coast  Railway  approaching  London  Bridge  terminus,  and 
it  seems  to  me  that  this  system  is  one  which  possesses 
great  advantages  and  lends  itself  to  adoption  on  those 
sections  of  our  railways  which  have  to  cope  with  a  dense 
suburban  "up"  traffic  in  the  morning  and  a  "down"  traffic 


in  "the  evening.  On  pages  773,  774,  and  775,  the  advan-  mi.  s 
tages  gained  by  the  introduction  of  track  circuits  are  very 
well  brought  out.  On  page  774,  towards  the  bottom  of  the 
first  column,  the  author  says  that  the  act  of  changing 
running  rails  necessit'ites  the  breaking  of  rail  bonds,  which 
at  once  throws  out  of  gear  the  protection  given  Viy  such 
appliances.  I  think  that  the  phrasing  of  this  sentence 
might  lead  the  uninitiated  to  draw  an  erroneous  inference, 
and  I  take  it  that  he  means  that  the  breaking  of  the  circuit 
due  to  the  changing  of  the  running  rails  throws  the  appa- 
ratus out  of  gear  and  not  the  protection  given  by  the 
apparatus,  because  the  fact  of  changing  the  rails  by  break- 
ing the  continuity  of  the  track  circuit  causes  the  signal  to 
stand  in  the  danger  position  and  ab.solutely  prevents  it 
gonig  to  the  clear  position,  thereby  creating  instead  of 
doing  away  with  protection.  In  other  words,  should  a  rail 
be  removed,  the  track  is  in  an  unsafe  condition  for  the 
passage  of  trains,  and  the  fact  of  the  removal  of  the  rail, 
causing  the  signal  to  remain  at  danger,  prevents  trains 
passing  over  unsafe  track.  The  author  states  on  page  781 
that  a  yellow  light  "can  be  seen  farther  than  red  or  green, 
but  does  not  show  the  colour  distinctly  until  comparatively 
near  to  it ;  foggy  atmosphere,  moreover,  tends  to  make  the 
glasses  appear  quite  reddish  at  times."  When  a  third 
colour  was  found  to  be  necessary,  the  yellow  was  chosen 
because  it  could  not  be  confused  with  the  green,  or  under 
any  conditions  taken  for  a  clear  indication.  As  the  author 
says,  under  certain  atmospheric  conditions  it  may  have  a 
reddish  tinge,  but  in  practice  this  is  never  sufficiently 
marked  for  it  to  be  confused  with  the  red  indication.  One 
might  say  that  such  conditions  cause  the  yellow  light  to 
appear  to  be  of  an  orange  colour.  It  should  also  be 
remembered  that  the  yellow  light  never  has  to  be  dis- 
tinguished at  long  distances,  because  the  driver  does  not 
need  to  bring  his  train  to  a  complete  stop  after  sighting 
the  signal  and  before  he  reaches  it.  The  yellow  signal  is  a 
warning  and  not  a  stop  signal,  and  on  account  of  its  usual 
location  only  needs  to  be  distinguished  either  just  before 
or  when  passing  it. 

Dr.  C.  C.  Garrard  :  This  paper  deals  with  a  highly  Dr.  1 
technical  subject  which  can  only  be  adequately  discussed 
by  experts  who  have  specialized  in  it.  From  a  general 
point  of  view,  however,  I  think  we  may  say  that  it  is  a 
very  encouraging  paper  for  electrical  engineers,  since 
the  author's  opinion  is  that  the  all-electric  system  of 
signaUing  on  railways  is  the  best.  What  impresses  one 
on  reading  the  paper  is  the  marvellous  development  that 
has  grown  out  of  such  a  simple  thing  as  a  railway  signal. 
I  think  we  may  take  it,  however,  that  the  use  of  elec- 
tricity enters  into  the  domain  of  railway  signalling  as 
a  simplifying  agency,  exactly  as  it  does,  for  example,  in 
the  driving  of  workshop  machinery.  It  is  much  simpler 
to  lay  out  the  power  transmission  of  a  workshop  with  the 
electric  drive  than  it  is  with  mechanical  drive.  In  a 
similar  manner  it  is  simpler  to  lay  out  an  all-electric 
scheme  of  signalling  than  any  combination  of  other  systems. 
In  fact,  it  is  clearly  shown  in  the  paper  that  many  problems 
in  signalling  can  only  be  solved  by  the  use  of  electricity. 
In  engineering  generally,  simplifying  agencies  are  always 
to  be  welcomed.  It  is  therefore  from  this  point  of  view 
and  as  another  example  of  the  great  assistance  which 
electricity  renders  in  other  branches  of  engineering  that 
this  paper  is  of  such  great  interest  to  the  Institution. 
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Mr.  think  the  alternating-current  system  will  cvL-ntually  Mipphuit 

Tattersiiii.  jj^^  continuoiis-current  system  of  IracU-circuitiny  in  this 
country,  especially  lor  installations  of  magnitude.  In  addi- 
tion to  marking  the  latest  phase  of  electrical  operation,  an 
alternating-current  system  possesses  the  following  advan- 
tages in  addition  to  those  mentioned  by  the  author  : — (i)  It 
affords  an  economical  system  of  power  transmission  and 
the  mains  may  be  utilized  for  purposes  other  than  signalling, 
such  as  lighting,  power,  etc.  Varying  pressures  may  be 
obtained  with  a  minimum  of  loss,  viz.  transformer  losses 
only,  whereas  ,  with  continuous-current  transmission  the 
watt  losses  due  to  inserted  resistances  may  be  considerable, 
and  in  some  cases  exceed  the  actual  power  required  for 
signalling  purposes.  (2)  Alternating-current  track  circuits 
will  operate  over  a  much  greater  length  than  continuous- 
current  track  circuits,  as  owing  to  the  extra  power  available 
the  question  of  track  insulation  does  not  enter  into  con- 
sideration to  anything  like  the  same  extent  as  with  con- 
tinuous-current track  circuits.  (3)  Extraneous  currents, 
even  from  an  alternating-current  supply,  may  be  fully 
guarded  against,  either  by  using  suitable  frequency  relays, 
or  by  employing  some  form  of  apparatus  embodying  the 
principles  of  electrical  resonance.  There  are  several  exten- 
sive installations  of  alternating-current  track-circuiting  in 
this  country,  notably  on  the  Metropolitan  Railway,  East 
London  Railway,  Central  London  Railway,  the  extension 
of  the  Bakcrloo  Tube,  and  the  London  &  North-Western 
Railway.  I  think  the  Metropolitan  Railway  was  the  first 
English  company  to  obtain  sanction  to  dispense  with 
locking  bars  where  track-locking  was  in  operation.  This 
was  about  four  years  ago,  and  locking  bars  are  not  now 
provided.  I  think  the  arrangement  of  semi-automatic 
signalling  "  B  "  is  to  be  preferred  owing  to  the  control 
afforded  the  signalman  in  advance.  .A.s  to  the  flexibility  of 
semi-automatic  signalling  ;  on  the  Metropolitan  Railway 
there  are  only  three  power  interlockings,  the  remaining 
interlockings  where  track-circuiting  is  in  operation  being 
equipped  with  manual  interlocking  frames.  I  think  there  is 
a  great  field  for  track-circuiting  in  the  case  of  single  lines 
of  railway.  As  increased  traffic  facilities  are  required, 
track-circuiting  could  be  installed  to  provide  several 
sections  for  following  movements,  whilst  opposing  move- 
ments would  be  fully  safeguarded  as  at  present.  Upper- 
quadrant  signals  have  been  in  use  on  the  rapid-transit 
lines  of  the  Metropolitan  Railway  for  four  years,  and  a  few 
are  also  in  use  on  the  Central  London  Railway.  I  do  not 
agree  that  the  use  of  3-position  signals  would  tend  to 
prevent  close  working,  especially  on  the  Underground 
Railways-.  I  think  the  contrary  would  be  the  case,  and 
that  the  author  contradicts  himself  in  the  next  para- 
graph. I  do  not  consider  the  idea  of  3-position  signalling 
to  be  to  dispense  with  distant  signals,  as  in  long  sections 
distant  signals  would  still  be  retained,  but  the  "caution" 
position  would  be  given  by  the  arm  inclined  45°,  instead 
of  horizontal  as  at  present.  The  main  idea  of  3-position 
signalling  is  in  my  opinion  to  convey  more  information 
to  a  driver  than  is  possible  under  the  present  system, 
and  at  the  same  time  to  simplify  the  signalling  aspects. 
I  think  the  author  might  overcome  his  objections  to  the 
yellow  light  by  employing  a  red  marker  light  as  some 
of  the  American  railroads  do.  It  certainly  would  assist 
a  driver  in  having  something  to  help  him  in  picking 
out    the   yellow    light.     One    advantage   of   the   constant 


detection  system  is  that  a  visual  indication  is  given  to  Mr. 
signalmen,  showing  the  position  of  all  points  under  their  ^ 
control.  Not  only  is  the  constant  detection  system  advan- 
tageous from  a  maintenance  point  of  view,  but  it  permits 
of  far  more  elaboration  in  the  detecting  arrangements  than 
is  possible  with  other  systems.  Owing  to  the  advantages 
enumerated  by  the  author  and  those  outlined  above,  I 
think  constant  detection  will  become  standard  practice  in 
future  power  interlockings.  The  dynamic  indication 
system  fully  safeguards  the  operation  of  the  check  lock 
and  is  a  distinct  advance  on  previous  indication  systems. 
It  does  not  permit,  however,  of  a  constant  indication  being 
given.  I  believe  that  the  McKenzie,  Holland  &  Westing- 
house  Power  Signal  Company  are  now  utilizing  alternating 
current  for  indication  purposes,  which  in  addition  to 
safeguarding  the  indication  circuit  permits  a  constant 
indication  to  be  given.  This  will,  1  believe,  provide  the 
ultimate  solution  of  the  indication  question. 

Mr.  F.  DowNKS  (communicaled)  :  The  passing  of  "The  Mr- Bow 
Regulations  of  Railway  Act"  in  1889  speeded  up  the 
introduction  of  block  and  interlocking,  and  how  well  tlie 
contrivances  then  introduced  have  served  the  purpose  is 
shown  by  the  comparative  immunity  from  accidents,  further 
contributed  to  by  the  superior  training  and  care  of  the 
railway  staff,  but  there  is  again  an  indication  of  another  tran- 
sition period  due  greatly  to  the  speeding-up  of  railway  traffic, 
which  has  grown  enormously  since  that  date.  So  urgent 
has  the  necessity  for  a  fuller  carrying  capacity  of  existing 
lines  become,  that  already  many  innovations  in  signalling 
appliances  are  adopted,  but  there  is  too  great  a  tendency  to 
adhere  to  old  rules  and  regulations,  and  in  this  way  to  limit 
materially  the  advantages  to  be  gained.  Apart  from  lia- 
bility, under  some  circumstances,  to  create  unnecessary 
delay  in  main-line  working,  automatic  signalling  provides 
for  the  elimination  of  signalmen's  errors  ;  but  until  a  reliable 
train  control,  effective  at  all  speeds  and  in  all  weather  con- 
ditions, becomes  practicable  at  reasonable  cost,  complete 
transition  will  not  be  attained,  and  doubtless  the  lack  of 
unanimous  agreement  on  the  part  of  railway  officials  as  to 
the  particular  type  or  method  seriously  hinders  the 
development  of  this  appliance.  A  device  operated  without 
mechanical  or  electrical  contact  on  the  permanent  way 
appears  most  desirable  owing  to  the  risks  of  damage 
thereto  being  reduced  to  a  minimum,  and  the  results  of  the 
experiments  made  by  the  Midland  Railway  are  awaited  by 
many  with  .keen  interest.  I  agree  with  the  author  that  it  is 
not  desirable  to  give  visual  indications  in  the  engine  cab, 
as  not  having  been  converted  to  the  principle  of  abolishing 
the  semaphore  signals  I  consider  that  the  driver's  attention 
should  not  be  diverted  from  the  observation  of  these  signals 
and  the  regulations  pertaining  tliereto.  Failing  the  solu- 
tion of  the  problem  without  the  use  of  contacts,  I  am  of 
the  opinion  that  an  effective  train-stop  could  be  devised 
suitable  for  the  present,  or  automatic  form  of  signalling, 
if  operated  on  the  principle  that  the  device  carried  on 
the  locomotive,  and  intended  to  come  into  contact  with 
suitable  apparatus  on  the  permanent  way,  shall  be  so 
designed  that  it  shall  be  broken  by  impact  and  apply 
the  brakes  when  the  signal  controlling  the  stop  is  at 
"  danger  ".  It  is  also  practicable  so  to  arrange  the  appa- 
ratus that  if  the  driver  had  his  train  under  control,  by 
partial  application  of  the  brake,  he  could  render  the  engine 
equipment  inoperative  ;  but  the  difficulty  remains  that  a 
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woikiiig  ol  tralhc.  Kvcn  on  kleuin- worked  line><  I  am  of 
the  opinion  (lut  in  the  nci);hbourhood  of  electric  railways 
and  other  electric  power  generating  >tation»  it  i^  desirable 
ttiat  a!:  nt  track  circuits  should  Ih:  installed, 
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immedijU  '  ulty  in  installing  that 
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current  supplied  tu  the  lr;ick'  to  ohviattf  the  liability  of 
interruption  in  working  due  to  cxirancous  currents  and 
leakages.  In  outlying  districts,  however,  there  is  not  the 
same  necessity  for  the  application  of  alternating-current 
track-working,  but  in  some  provincial  districts  stray  cur- 
rents are  often  <^  cd  and  a  system  of  altenialing- 
curicnt  track  cv  i-  the  energy  is  converted  from 
primary  b.i'  title,  but  I  du  nut  ihiiik  this 
Would  tHri.:  >us-cui lent  li.icl. -circuiting. 
It  would  have  been  interesting  if  the  author  could  have 
included  in  his  paper  a  description  of  the  working  of 
alternating-current  methods  of  track-circuiting  in  which 
the  energy  is  converted  from  that  generated  by  primary 
batteries.  As  reg.ads  the  3-position  uppcr-qu;idr.iiil  signals, 
c>  c  longer  sections  to  which  the  aiiltuT  iclers  be 
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Mr.  J.  C    ~  .  •nualeJ)  :  With  reference  to  the 

6rst  p;u-agraph  under  the  heading  "  Lock  and  Ltlock  "  on 
page  763,  it  is  curious  to  rellect  that  in  1872,  i.e.  licfore  the 
time  rcferied  to  by  the  author,  the  inventor  of  the  l<K'k  and 
block  system  (Mr.  W.  U.  Sykest  really  tried  lirst  to  intro- 
duce automatic  signalling  see  Ins  ^pecilication  \o.  3.448 
of  1K71),    so  that,  judging;    by  pre  ncy,   he 

started  in  the  right  vvnv    )i>r  1'iere  .1  in  the 
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ling.  I'ndcr  the  heading  "  Cancelling  "  on  page  765  it  is 
not  quite  clear  that  there  is  any  essential  dificrcncc  be- 
tween the  cancclhng  arrangements  used  on  the  Midland 
Railw.i  '  •■  ■  .etl  elsewhere  ;  and  with  regard 
to  tlu    ,                                   Iteration   cancclhng "    being  an 
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the  flashlight  would  "kill"  tlie  steady  light.  I  attended  a 
demonstration  of  the  flashliglit  some  time  ago,  wlicn  it 
was  shown  that  an  ordinary  steady  light  became  very  indis- 
tinct when  a  flash-light  was  fixed  near  it.  I  was  very 
interested  in  the  description  of  tlie  locking  frame  used  on 
the  Midland  Railway.  I  can  quite  appreciate  the  author's 
view  in  regard  to  the  advantages  that  this  type  of  frame 
has  over  the  more  usual  type.  It  should  certainly  be 
easier  to  fix,  and  should  facilitate  alterations,  but  it  would 
appear  that  owing  to  shorter  leverage  the  signalman's 
work  would  be  heavier,  particularly  where  the  facing-point 
lock  bars  and  points  arc  worked  off  one  lever,  as,  for 
instance,  on  the  Midland  Railway.  In  connection  with 
points,  the  author  has  referred  to  the  use  of  cast  iron  for 
trestles  and  cranks,  instead  of  wood.  It  will  probably 
be  of  interest  if  I  mention  that  concrete  blocks  have  been 
used  very  successfully  on  the  District  Railway  for  this  pur- 
pose ;  and  I  should  imagine  that  concrete  would  compare 
verj'  favourablv  with  cast  iron  as  regards  first  cost,  main- 
tenance, etc.  I  think  the  chief  advantage  that  the  upper- 
quadrant  signal  has  over  the  usual  lower-quadrant  type  is 
that  the  total  weight  of  the  arms  can  be  consider- 
ably reduced,  the  counter-weight  being  unnecessary.  It 
is  possible  to  obtain  the  same  gravity-return  effect  with 
an  upper-quadrant  arm  of  about  half  the  total  weight  of  the 
lower-quadrant  type.  This  reduction  of  weight  is  im- 
portant, as  it  reduces  the  momentum  and  consequent  wear 
and  tear.  The  "  clear  "  signal  is  also  certainly  much  more 
arrestive  in  the  upper  quadrant  than  in  the  lower.  Yellow 
lights  were  adopted  in  place  of  red  for  repeater  signals  on 
the  District  Railway  with  a  view  to  reducing  the  number  of 
cases  in  which  drivers  had  to  pass  red  lights  ;  for  instance, 
repeater  signals  fixed  about  midway  in  station  platforms,  it 
being  argued  that  if  a  man  were  allowed  to  pass  a  red  light 
in  some  places  he  might  do  it  in  others  with  disastrous 
results.  I  admit  that  yellow  is  not  an  ideal  signal  colour, 
but  we  wanted  a  third  and  it  was  the  best  we  could  get.  I 
may  say  that  although  the  climatic  conditions  on  the 
District  Railway  are  not  always  ideal,  there  has  not  been 
one  case  where  the  use  of  a  yellow  light  has  introduced 
any  difficulties.  The  author  states  that  it  is  a  debatable 
question  whether  a  signalman  can  attend  to  many  more 
roads  under  power  systems  than  under  manual  systems. 
During  the  "  rush  hours"  on  the  District  Railway  98  trains 
per  hour  are  passed  through  Earl's  Court  station.  There 
are  four  roads  through  the  station,  a  double  junction  on  the 
west  side,  and  traffic  has  to  pass  to  three  roads  east  of  the 
station.  All  these  trains  are  signalled  by  one  signalman 
operating  a  power  frame  ;  I  think  a  signalman  doing  the 
same  thing  with  a  manual  frame  would  have  a  hard  time 
and  would  become  exhausted  towards  the  end  of  his  shift. 
In  connection  with  the  electro-pneumatic  system  the 
author  states  that  the  mechanism  for  operating  points  is 
placed  outside  the  4-ft.  way.  It  might  be  of  interest  to 
describe  the  practice  on  the  Tube  Railways.  Naturally  the 
ground  space  outside  the  4-ft.  way  is  insufficient  for  fixing 
tlie  point  lay-out.  When  power  signalling  was  first 
installed  on  the  Tubes,  all  the  gear  with  the  exception  of 
the  facing  point  locks  was  fix.ed  on  to  the  side  of  the  tube, 
being  bolted  to  the  segments  and  connected  to  the  points 
bj"  means  of  rods  and  bell  cranks.  This  arrangement 
worked  satisfactorilj',  but  the  wear  due  to  the  use  of  the 
bell  cranks  was  very  severe,  and  our  latest  practice  has 


been  to  fix  the  whole  of  the  apparatus  with  the  exception 
of  the  electromagnetic  valves  in  the  4-ft.  way.  The  valves 
are  fixed  on  the  segments  and  connected  to  the  operating 
air  motor  by  l-in.  pipes.  There  is  a  conductor  rail  in  the 
centre  of  the  4-ft.  way,  so  that  the  space  available  for  the 
point  mechanism  is  very  limited,  and  the  apparatus  has  to 
be  specially  designed.  It  has  worked  so  satisfactorily  that 
the  same  lay-out  has  been  adopted  on  the  open  sections  of 
the  Tube  Railways  in  order  to  keep  all  lay-outs  standard. 
The  author  has  referred  to  the  comparative  merits  of 
"constant-detection"  and  "  check-lock-return-indication." 
Each  system  has  advantages  over  the  other,  but  I  think  a 
combination  of  the  two  is  desirable.  In  both  systems  the 
apparatus  is  located  in  the  signal  cabin  and  wires  run  from 
the  signal  cabin  to  the  points,  with  electrical  contacts  at 
the  points.  The  contention  that  troubles  can  be  located  in 
the  signal  cabin  applies  equally  to  the  check-lock  system. 
Any  fault  on  the  wires  running  to  the  points  or  defect 
on  the  points  naturally  has  to  be  looked  for  outside  the 
cabin.  The  chief  claim  in  favour  of  the  constant- 
detection  scheme  is  that  it  renders  unnecessary  the 
running  of  additional  wires  for  taking  the  signal  circuit 
through  the  points  over  which  the  signals  read.  This  is 
necessary  with  the  check-lock  system  to  guard  against 
points  being  thrown  after  the  indication  has  been  received. 
The  benefit  claimed  for  the  constant-detection  scheme  due 
to  the  fact  that  the  point  lever  can  be  pulled  right  over 
without  waiting  for  the  indication  is  problematical.  I 
think  it  is  advisable  that  a  signalman  should  know  immedi- 
ately when  a  pair  of  points  fails  to  throw  ;  and  it  is  a  good 
plan  to  complete  each  movement  before  commencing  on 
another  one.  This  is  achieved  by  the  check-lock  system — 
each  movement  being  proved  as  it  is  made.  In  making  a 
number  of  point  movements  in  the  constant-detection 
scheme  it  may  be  found  that  after  several  levers  have  been 
pulled  one  pair  of  points  has  failed  to  throw,  and  due  to 
the  inter-locking  several  levers  would  have  to  be  replaced 
so  as  to  operate  the  points  that  had  failed  a  second  time, 
much  valuable  time  being  lost.  Further,  in  installations 
where  the  signals  are  selected  over  the  point  levers,  and 
the  signals  are  "  disengaged  "  by  track  circuit,  the  signal- 
man has  to  wait  before  he  can  pull  the  signal  lever  for  the 
indication  on  the  points,  otherwise  the  signal  will  not 
come  "off". 

Mr.  T.  S.  Lascelles  [communicated)  :  It  is  very  satis- 
factory to  see  the  author's  recognition  of  the  value  of  lock 
and  block  in  preventing  accidents  and  to  find  that  the 
system  has  been  so  extensively  and  successfully  applied  on 
his  own  railway.  The  method  of  working  the  "  warning 
arrangement"  by  means  of  additional  block  instruments 
has  been  adopted,  in  conjunction  with  Sykes'  system,  on  the 
London,  Brighton  &  South  Coast  Railway  at  many  points 
and  has  been  found  vastly  superior  to  the  hand-flag  and 
verbal  warning  used  in  the  ordinar}'  way.  It  would  be 
interesting  to  know  if  the  author  has  any  such  arrange- 
ment in  use  in  conjunction  with  the  rotary  block  instru- 
ment. I  am  inclined  to  think  that  track-circuiting 
would  prove  a  much  more  satisfactory  means  of  releasing 
the  block  instrument  than  a  treadle — even  of  the  "  last 
vehicle  type."  This  last  has  to  be  in  the  nature  of  a 
fouling  bar  and  is  a  large  affair,  while  with  a  stick  relay 
and  lever  switch  it  is  possible  to  get  the  last-vehicle 
clearance  very  simply.     No  treadles   are   then   required. 
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overcomes  the  danger  by  lockin);  tlic  cniccl  button  as 
soon  as  the  train  ctiter-i  the  section,  a  short  track  circuit 
bi  being  installed  for  the  purpo>e. 

'1    _  ^  '-he  clearance  is  also  of  a  similar 

type  with  "last  vehicle"  features,  and  the  track  circuit  for 
ctfccting  the  release  can  be  placed  where  desired.  When 
a  train  enters  the  preliminary  section  it  breaks  down  the 
^!  '  "    ig-button.     To   release 

t.  c  second  track  circuit 

.1  .J  »livk  ttUy — but  the  lever  and  the 

.Hit  back  to  normal  before  the  release 
of  the  instrument  is  efiected.  With  regard  to  the  uni- 
versal pattern  of  signal  arm,  the  choice  would  seem  to  lie 
between  the  ordinary  one  now  used  and  the  "  somersault  ' 
type  in  use  on  the  (jreat  Northern  Railway.  It  would  be 
interesting  to  know  the  authors  opinion  of  this  pattern  of 
signal       T 
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plan  uf  the  laiiiihar  electric  light  street  signs — that  is  with 
a   cluster  of   lamps   behind  an  opaque  glass   screen,   the 
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I  bcheve  that  on  the  Midland  Kailway  the  code  is  a  very 
complicated  one,  the  "  coll  attention  '  sigival  having  to  be 
given  even  before  the  "  train  entering  section  "  signal,  and 
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the  form  of  train  describcrs  would  furnish  the  necessary 
information  of  this  class,  and  so  the  large  number  of  bell 
signals  to  describe  the  various  classes  of  trains  could  be 
abolished.  In  connection  with  automatic  signalling  I 
should  like  to  ask  the  author  whether  on  llie  Midlaftd 
Railway  the  signals  are  placed  to  "  danger  "  directly  they 
are  passed,  or  not  until  the  overlap  is  passed  by  the  first 
wheel.  There  is  a  loophole  for  an  accident  with  the  latter 
method,  which  is  shown  in  Fig.  D.     Imagine  a  disabled 


one  requires.  We  want  absolute  safety,  but  then  at  the  Mi. 
same  lime  we  want  to  use  the  lines  to  their  maximum  goo^ 
capacity  ;  the  result  is  that  one  comes  to  a  compromise 
by  getting  as  much  of  both  as  he  can.  The  lock  and  block 
system  requires  no  justification  to-da)',  for  the  freedom 
from  accidents,  even  when  considering  those  due  to  the 
misuse  of  the  key,  is  generally  conceded  to  be  much 
greater  where  it  is  in  use  than  where  block  alone  is  used. 
Here  again  we  have  an  absolute  system,  but  as  the  author 
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engine  to  be  stopped  momentarily  just  before  the  end  of 
the  overlap — or  somewhere  in  the  overlap — and  the 
weather  to  be  foggy.  The  following  train  finds  a  signal 
against  it  and  waits  the  prescribed  time  interval  and  then 
proceeds.  On  sighting  the  ne.xt  signal  it  finds  this  at 
"proceed",  and  concluding  the  first  one  has  failed,  at  once 
speeds  up  and  comes  into  collision  most  unexpectedly 
with  the  disabled  engine.  The  overlap  section  should 
preferably  be  a  separate  track  circuit  and  should  place  the 
signal  to  "danger"  immediately  it  is  entered.  The  author 
has  pointed  out  the  mistakes  that  enthusiasts  for  power- 
signalling  schemes  fall  into,  of  supposing  that  men  can  be 
reduced  to  a  negligible  quantity  and  the  speed  of  working 
vastly  increased.  The  electro-mechanical  system  now 
being  extensively  adopted  in  the  United  States  enables 
many  of  the  advantages  of  power  working  to  be  obtained 
without  the  troubles  of  maintenance  and  operation  that  are 
liable  to  attach  to  power-worked  points.  Thesg  are  the 
most  expensive  and  delicate  parts  of  a  power  system, 
particularly  in  an  all-electric  system.  By  far  the  largest 
part  of  a  locking  frame  usually  consists  of  the  signal 
levers,  and  b\'  exchanging  that  part  of  the  work  for  an 
electric  frame  considerable  space  can  be  saved  while  the 
comparatively  simple  method  of  manual  working  for  the 
points  can  still  be  retained.  Reduction  of  effort  on  the 
signalman's  part  can  be  obtained  through  the  balancing  of 
levers  (as  I  believe  is  the  Midland  standard  practice)  and 
the  adoption  of  switch  and  lock  movements. 

Mr.  W.  J.  Thorrowgood  {coimnunicated)  :  I  think  the 
word  "absolute"  in  connection  with  block  is  no  mis- 
nomer, but  a  reality.  Obviously,  if  the  block  sj'stem  were 
carried  out  by  all  concerned,  there  could  be  no  collisions. 
The  human  element  is  not  perfect,  but  the  failure  to 
maintam  absolute  safety  cannot  entirely  be  debited  to 
signalmen  and  drivers.  At  places  it  is  found  that  the 
exigencies  of  the  traffic  are  such  that  the  number  of  lines 
of  railwaj'  is  insufficient  to  allow  of  absolute  block 
working.  Then  a  modification  of  the  absolute  is  asked 
for  under  permissive  block  working,  with  safe  conditions 
no  doubt,  but  not  absolute  safety.  The  reason  for  this 
is  of  course  that  the  expense  of  increasing  the  number  of 
lines  would  be  excessive.  That  may  be  so,  but  still  it 
remains  that  safety  has  been  compromised  with.  The 
fact  is  not  generally  recognized  that  it  is  well-nigh 
impossible  to  get  anything  that   is  absolutely  everything 


shows  in  the  last  paragraph  on  page  763  "  there  are 
certain  limitations  to  its  adoption,  as  sufficient  elasticity 
cmnot  be  obtained  ;"  that  means  the  capacity  of  the  lines 
is  insufficient  to  allow  of  absolute  lock  and  block  work- 
ing and  a  compromise  is  made,  which  is  safe  as  long 
as  the  human  element  conforms  to  the  rules.  The 
necessity  for  the  key  arises  through  the  complications  of 
the  traffic.  It  has  to  be  borne  in  mind  that  block-working 
is  for  through  or  station  to  station  working,  whilst  locking 
is  for  local  or  station  work.  Often  the  conditions  of  the 
two  as  regards  traffic  do  not  agree.  In  cases  of  faults 
trains  would  be  liable  to  severe  delays  unless  a  key  were 
available.  It  is  really  a  compromise  between  an  absolute 
system  and  traffic  conditions.  Everything  possible  should 
be  done  to  guard  the  use  of  the  key.  There  is  no  system 
of  signalling  in  use  that  does  away  absolutely  with  the 
key  or  a  release  in  some  form  or  another  ;  the  human 
element  has  then  to  be  trusted.  The  use  of  track  circuits 
instead  of  treadles  in  combination  with  lock  and  block 
is  a  real  step  in  advance.  We  found  that  mercury, 
although  "  pure  redistilled,"  gave  trouble,  and  two  pattern 
treadles  of  the  spring-contact  type  have  been  introduced 
on  the  London  &  South-Western  Railway.  Fig.  E 
illustrates  the  Syx  spring-contact  treadle.  The  end  A  of  the 
lever  is  raised  by  the  action  of  the  train  passing  over 
the  rail  on  which  the  treadle  is  fixed,  and  in  passing  over 
the  semicircular  insulation  B  forces  spring  C  backwards 
into  contact  with  D  on  spring  E  ;  both  springs  are  forced 
a  little  further  back,  causing  a  rubbing  contact.  Normally 
the  end  of  lever  A  rests  near  the  bottom  of  treadle,  and 
is  free  to  move  a  short  distance  before  commencing  to 
engage  with  B.  Fig.  F  illustrates  the  McKenzie  and 
Holland  rocker  spring-contact  treadle.  Normally  the  end 
of  the  lever  A  rests  in  a  recess  B  at  the  lower  part  of  the 
rocker  C.  As  the  train  passes  over  the  rail,  the  end  of  the 
lever  A  is  raised  out  of  the  recess  B  and  travels  up  the  face 
D  of  the  rocker,  which  causes  springs  E  and  F  to  make 
contact  at  G.  It  can  be  arranged  that  the  contact  is  made 
directly  the  end  of  the  lever  leaves  the  recess  and  arrives 
on  the  face  D.  Thus  it  can  be  made  very  sensitive,  but 
it  is  found  in  practice  that  it  is  better  if  the  contact  is  made 
when  the  end  of  the  lever  is  about  one-third  up  the  face 
of  D.  The  end  of  lever  A,  as  it  returns  to  normal,  after 
it  has  been  operated,  falls  into  the  recess  B,  thus  ensuring 
that  the  rocker  shall  return   to  the  normal  position  and 
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cannot  bt  into  the  web  of  the  rail  and  support  the  head  of  The  transvci  I 
the  rail  so  efticiently  as  if  the  fibre  were  not  there.  This  because  the  i  „  :  ;  _  ^  »' 
is  well  illustrated  by  reference  to  the  sectional  drawings  in  used  on  the  London  &  South-Wcslcrn  Railway  i«  made 
Kigs.  lOA  and  13.  The  fisliplates  shown  in  Fig.  ioa  are  so  that  it  fits  into  the  web  and  supports  the  head  ol  the  rail 
much  closer  to  the  web  of  the  rail  than  are  those  illustrated  in  the  same  way  as  the  oidinary  standard-pattern  fish- 
in  Fi^".  13,  also  in  Fig.  io.\  the  fisli-platcs  go  well  undci  the  plate  does.  Bending  !  a  that  the  '  J- 
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plate  bolts  from  the  mils.  Hence  the  mcclianical  strength 
and  fit  of  this  class  of  insulated  fish-plate  are  more  than 
equal  that  of  the  ordinar)'  fish-plate.  Very  little  trouble  is 
experienced  with  the  transverse  bolts,  the  percentage  of 
breakages  being  much  less  than  with  ordinary  lish-plates. 
I  think  it  would  be  interesting  to  refer  to  a  new  pattern  of 
insulated  fish-plate  called  the  rolled-section  type  of  insu- 
lated tish-plate,  which  was  under  experimental  and  practical 
test  for  about  two  \-ears  on  the  above  railway,  and  has  lately 
been  introduced  on  that  and  other  railways.  Fig.  G  illus- 
trates the  new  insulated  fish-plate  and  the  method  of  fixing 
to  the  rails.  The  insulated  fish-plate  is  made  from  rolled- 
section  steel,  each  plate  consisting  of  three  pieces  of  rolled 


circuits  are  obvious,  and  no  doubt  extensive  use  will  be  Mr 
made  of  them  in  future.  The  weak  spot  as  regards  the  good™^^" 
use  of  track  circuits  to-day  is  the  fact  that  there  are  a 
number  of  vehicles  fitted  with  ManscU  wheels  (i.e.  wooden 
blocks)  belonging  to  various  companies  running  over  the 
railway's.  The  resistance  between  the  rim  of  one  wheel  and 
tlie  rim  of  the  other  wheel  of  a  pair  is  practically  infinite 
as  regards  the  track  circuit,  hence  they  fail  to  shunt  the 
current  from  the  relay  and  thus  fail  to  operate  the  track- 
circuit  apparatus.  The  difficulty  can  be  overcome  if  the 
hub  of  the  wheel  is  bonded  to  the  rim  on  each  wheel.  A 
ver}'  large  number  of  wheels  have  been  treated  thus  ;  but  it 
cannot  be  too  strongly  impressed  on  all  concerned  that  the 
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section— A,  B,  and  C.  The  faces  of  A  and  B,  which  are  to 
be  fitted  to  the  rail,  are  planed  to  fit  the  rail  in  the  same 
way  as  an  ordinary  fish-plate  does.  A  and  B  are  bolted  to 
C  as  shewn  in  the  diagram.  Thin  sheets  of  hard  insulating 
fibre  are  used  to  insulate  A  and  B  from  C.  The  ends  of 
these  sheets  are  turned  upwards  and  a  thick  piece  of  hard 
insulating  fibre  serves  to  insulate  A  from  B.  Bending  tests 
show  that  this  rolled-section  insulated  fish-plate  is  stronger 
than  the  transverse  type,  and  it  has  the  merit  of  being  less 
costly.  The  mechanical  strength  and  fit  are  therefore  all 
that  is  required.  A  point  to  be  noticed  is  that  when  insu- 
lated fish-plates  of  this  pattern  are  used,  the  cost  of  the 
ordinary  fish-plate  is  saved,  and  the  cost  of  fixing  to 
the  rail  is  the  same  as  that  of  an  ordinary  fish-plate,  as 
no  other   fitting   is   required.     The   advantages   of  track 


wheels  of  such  vehicles  in  service  should  be  bonded.  It  is 
an  urgent  necessity,  as  such  a  vehicle  standing  on  a  track- 
circuited  section  does  not  operate  the  track  circuit,  there- 
fore a  clear  signal  is  given  to  the  signalman  whilst  the 
road  is  blocked.  The  use  of  sand  by  drivers  should  be  dis- 
couraged as  much  as  possible,  as  the  accumulation  of  sand 
on  the  rail  is  likely  to  set  up  resistance  between  the  rail 
and  the  rim  of  the  wheel  and  thus  cause  even  a  heavy 
engine  to  fail  to  operate  the  track  circuit.  Fortunately 
this  difficulty  is  generally  local — imniediatety  behind  signals 
where  trains  stop  and  start — and  has  been  met  in  several 
places  by  means  of  electric  fouling  bars  in  addition  to  the 
track  circuits,  the  contacts  on  the  electric  fouling  bars 
being  joined  in  series  with  those  of  the  track-circuit  relays 
in  the  secondary  circuit. 
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'\  the  protection  of  Die  rear 
...^  the  home  »i>>iial.  I  would 
>u(;t;rM  lo  the  author  that  at  »uch  placcti  a  track  circuit 
cxlciiilinj;  .,'  "  i  yard>  oulMdc  the  home  sifjnal  to 
l>irjk    till  .'    treadle   circuit    would   cover,    while 

<  '^o  have  the  effect 

»  !  c  a  •'  last  vehicle" 

lleaiiic  to  :  ol    the  tiiMaiice   at  whicll  it  is   pUccd 

iiiMdc   the  ^'>^'-       "    ''""  wen-  done,   the   whole 

would  be  quite  as  eflicieiit  as  track-circuiting  the  line 
i^rtween  all  sij^naU,  i.e.  coiilinuou>  truck-circuiting,  a  little 
thou(;lit  >liowing  that  track-circuitinf;  doc«  not  cover  all 
cases  of  tc.ir  p<>ttioii>  of  lrjiii>  hre;iUinj;  away  and  running 
backward^,  as  has  Ikcii  cl.iiiiied  for  it.  I'art  of  a  train 
may  run  back  on  to  a  track  circuit  locking  signals  in  the 
rear,  which  have  already  been  lowered,  and  the  train 
passed. 

Mr.  \V.  C.  AcFIEl.D  (in  reply,  communualed)  :  Mr.  Hurst 
pointed  out  that  it  is  sometimes  impossible  to  erect  signals 
in  the  best  positions  :  this  is  quite  correct  and  represents 
one  of  the  many  difficulties  that  have  to  be  overcome 
in  making  the  -  >uit  the  lay-out  of  the  roads. 

Mr     |Von?>d   >:  ■  <-ni   to  agree  with  tlic  example 

j;:  M  of  a  second  distant  signal 

li  igh  a  junction,  t>ul  I  have  in 

mind  several  cases  where  the  absence  of  such  a  signal 
would  very  seriously  delay  the  working  of  the  traffic.  In 
regaril  lo  the  position  of  the  relay  in  track  circuits,  it  was 
originally  the  general  opinion  that  it  should  be  fixed  at  the 
entering  end  (from  a  traffic-running  point  of  view)  of  the 
track  circuit,  but  in  prcscnl-<lay  practice  it  is  not  con- 
sidered a  matter  of  any  iniport:uice.  The  track  circuit 
outside  the  outer  home    ■  '  ;g.    14)  could    be  con- 

tinued  to   the    inner    lie  ~    if    desired,   but    the 

arrangement  shown  delmes  the  position  of  an  engine  or 
short  train  more  correctly  to  the  signalman  :  but  if  a  track 
is  provided  outside  the  inner  home  signal  it  should 
pr  '  -  '  '  he  a  separate  track  and  made  to  lock  the  outer 
I.  il.     In    the   example    it    provides   for    the   line 

b'  ' -r  home  -  led 

I '.  .:id    a   sei  be 

a  itii  the   I'leviuiis    ti.ini    li.i>    p.i-^eii    the   inner 

ti  ■'.    a.nd   operated   .1   treadii    which   releases  the 

block  :  in  the  "  train  on  line  "  position.     Fig.  10 

is  not :o  illustrate  a  3-position  sigiul  installation  ; 

the  signals  for  one  direction  arc  to  illustrate  arms  working 

in  the  1 i  Irant,  and  those  in  the  other  direction  in 

the  u]  ,  ait.     The  3-position  signal   will  uiidoubt- 
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at  the  train  for  the  diverging  route    is   not    nutcriaUy 
affected. 

In  repiv  to  Dr.  Kapp's  remarks  in  regard  to  the  esperi- 
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therefore  would  be  difticull  to  keep 
tltc  train-stop  is  fixed  at  a  distant 
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although  a  train  may  be  occupying  a  line  the  indication 
is  nullilie<l  by  breaking  the  road 
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Mr.  Acfiefd.  for  each  "  line  clear  "  indication  given.  Mr.  Tattersall's 
remarks  on  the  3-position  signal  and  retaining  distant 
signals  in  long  sections  would  point  to  the  fact  that  the 
distant  would  after  all  only  be  a  2-position  signal,  the 
normal  position  of  the  arm  being  inclined  to  45°  instead 
of  horizontal.  In  the  cases  on  the  Underground  Rail- 
ways referred  to,  I  have  been  given  to  understand  that  a 
3-position  signal  would  not  give  the  facilities  of  special 
working  mentioned  in  the  paper.  I  hold  no  serious 
objections  to  yellow  lights,  but  suggest  that  it  would  be 
a  pity  to  increase  the  number  of  lights  on  a  railway  by 
the  red  marker  lights  mentioned. 

Mr.  Downes'  communication  dealing  with  the  point 
of  application  of  train-stops  raises  a  very  interesting 
question,  and  one  that  will  have  to  be  faced  when  a 
satisfactory  apparatus  can  be  produced.  Doubtless,  the 
distant  signal  is  the  point  at  which  a  train  should  be 
tripped,  but  even  then,  difficulties  will  be  met  when  it  is 
necessary  to  deal  with  signals  normally  fixed  at  danger. 
I  do  not  quite  follow  the  suggestion  of  providing  automatic 
sections  between  long  sections  of  3-position  signals,  as 
the  latter  are  necessarilv  automatic  signals. 

Mr.  Sykes  refers  to  the  continual  renewal  of  the  fibre  of 
the  insulated  joints  at  more  or  less  frequent  intervals,  but 
this  does  not  apply  to  the  Midland  pattern  of  insulated  rail 
joint,  and  Mr.  Tattersall's  remarks  clearly  show  the  popu- 
larity of  this  device,  now  used  to  a  large  extent  on  English 
railways. 

Mr.  Openshaw  does  not  appear  to  approve  of  white 
enamelled  signs,  but  prefers  indicator  lamps.  This  matter 
has  received  very  careful  consideration,  but  these  signs  are 
thought  to  meet  the  case,  as  they  are  looked  upon  as  a 
reminder  to  drivers  of  exemptions  from  Rule  55  (lists  of 
such  exemptions  are  published  in  the  traffic  notices),  and 
the  signs  are  more  economical  than  lamps. 

Mr.  Whj-sall  refers  to  my  remarks  on  a  signalman  with  a 
power  S3-stem  being  able  to  attend  to  many  more  roads 
than  under  manual  systems,  and  as  an  instance  quotes  bus}' 
places  where  regular  services  of  trains  travel  in  similar 
directions,  whereas  my  remarks  refer  more  particularly 
to  terminal  or  other  stations  where  much  shunting  and 
making-up  of  trains  is  accomplished. 

In  reply  to  Mr.  Lascelles,  the  rotary  interlocking  block, 
as  designed  and  used  on  the  Midland  Railway,  is  such  that 


traffic  can  be  worked  under  the  "  warning  "  arrangement  Mr.  Acficid 
or  any  other  regulation  of  block  working  generally  in  force, 
and  thus  affords  the  necessarv  elasticity  for  passenger  and 
goods  traffic.  The  Midland  pattern  of  insulated  rail  joint, 
of  which  there  are  several  thousands  in  use,  has  proved 
itself  to  be  substantial  and  effectively  satis-factory  in  every 
way.  I  agree  that  track  circuit  in  lieu  of  treadles  or  bars 
for  releasing  the  block  instruments  should  prove  more 
satisfactory  and  give  greater  protection.  This  problem 
has  already  received  serious  consideration  by  the  Midland 
Railway,  and  a  scheme  for  doing  this  has  already  been 
formulated.  W^th  regard  to  the  alleged  complications  of 
the  Midland  code  of  block  working  compared  witli  those 
of  other  companies,  I  suggest  that  the  great  variety  of 
traffic  must  of  necessity  involve  a  larger  number  of  calls, 
but  these  arc  reduced  as  much  as  possible  by  utilizing  the 
block  instruments  for  "describing  "and  "routing"  purposes. 

In  the  semi-automatic  signals  installed  on  the  Midland 
Railway  the  arms  are  in  some  cases  placed  to  "  danger  " 
when  the  440  yards  overlap  is  cleared,  and  in  others 
directly  the  signal  is  passed  ;  but  the  engine  driver  is 
not  allowed  to  proceed  after  being  stopped  at  a  signal 
until  he  has  telephoned  to  the  signal-box  and  received 
permission  to  proceed. 

Mr.  Thorrowgood  appears  to  question  the  efficiency  of 
the  Midland  pattern  of  insulated  joint,  but  the  imaginary 
troubles  suggested  are  not  experienced,  and  the  joint  has 
superiority  over  other  joints  as  it  can  be  used  in  confined 
positions.  It  would  appear  that  the  rolled  steel  section  of 
insulated  fish-plate  could  not  be  used  for  insulating  a  check 
rail,  which  frequently  becomes  necessary  in  large  track- 
circuit  installations. 

Mr.  Cooke  raises  the  question  of  breaking  up  trains  out- 
side the  home  signal  for  attaching  or  detaching  vehicles. 
The  track  circuit  outside  the  home  signal  is  a  good  schema 
and  can  be  used  in  combination  with  a  treadle,  or  prefer- 
ably with  another  track  circuit  inside  the  home  signal.  In 
traffic  working,  other  than  ordinary  suburban  working, 
there  are  a  great  number  of  problems  that  the  Midland 
Railway  have  satisfactorily  provided  for  in  the  large 
number  of  installations  that  have  been  put  in  for  the 
protection  of  trains  detained  at  home  and  starting  signals, 
with  all  classes  of  traffic,  to  exempt  drivers  from  carrying 
out  Rule  55. 
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syndicalization  on  internal  and  external  trade.  In  the  latter 
Mr.  Wickes  has  rendered  j^ood  service  to  the  electrical 
manufacturing  industry  here  by  his  reports  on  the  influ- 
ence of  lire-insurance  requirements  in  North  America  on 
the  types  and  necessary  tests  of  the  fittings  to  be  used. 

From  tlie  foregoing  recital  it  will  be  realized  that  there 
is  much  information  from  these  and  other  sources  which 
our  manufacturers  ought  to  have,  and  which  the  reports 
cited,  admirable  though  they  are  in  their  way,  do  not  give. 
Wliv  they  are  not  and  cannot  he  provided,  with  tlic  existing 
machinery,  the  present  author  hopes  to  make  clear. 

Unless  written  by  specialists,  neither  tlie  reports  of  Com- 
mercial Attaches  and  Trade  Commissioners,  nor  the  Con- 
sular reports,  can  be  reasonably  expected  to  give  details, 
say,  of  the  successful  types  of  competing  foreign  manu- 
factures, the  reasons  of  lower  price,  the  reasons  apart 
from  price  why  British  types  are  not  successful,  and  the 
local  conditions  which  may  render  typical  British  articles 
unsuitable.  Such  reports  can  only  be  adequatel}'  written 
bj'  specially  selected  men  situated  in  friendly  countries, 
having  behind  them  all  the  prestige  of  our  diplomatic 
service.  The  men  to  be  chosen  for  the  duties  must  be 
of  a  high  type.  They  must  be  recruited  with  as  much 
care  as  the  secretaries  of  our  various  embassies  and  lega- 
tions, but  recruited  differently.  Education  at  a  public 
school  followed  by  a  degree  at  Oxford  or  Cambridge, 
together  with  the  possession  of  independent  means,  must 
not  be  the  sole  credentials — for  really  suitable  men  one  or 
all  of  these  may  be  dispensed  with.  Let  us  consider  for  a 
moment  our  Naval  and  Military  Attaches.  They  are  not 
selected  as  the  result  of  brilliant  University  achievements 
following  upon  Eton  or  Harrow.  Even  the  possession  of 
Certificate  B  in  the  Officers'  Training  Corps  would  not  be 
regarded  by  the  Secretary  of  State  for  War  as  sufficient 
credential  to  qualify  the  most  brilliant  of  the  younger  sons 
of  an  ancient  and  honourable  house  for  the  post,  say,  of 
Military  Attache  at  Petrograd.  Even  in  the  past,  those 
who  perpetrated  the  cheapest  cynicisms  at  the  expense 
of  the  War  Office  never  charged  it  with  regarding  only  the 
advantages  of  birth  and  education  without  regard  to  lin- 
guistic attainment  and  sufficient  military  experience,  both 
regimental  and  staff  college,  when  such  posts  require  filling. 
The  modern  side  of  a  public  school,  and  an  engineering 
degree  at  Cambridge,  Oxford,  London,  or  Manchester,  are' 
b)-  themselves  wholly  inadequate  credentials  for  a  technical 
commissionership.  Of  great  value  as  a  foundation,  all 
these  are  only  a  foundation,  and  not  the  only  possible 
foundation.  Industrial  experience  is  as  essential  as  the 
intervening  years  of  sea  service  between  leaving  Osborne 
and  a  naval  attacheship  for  officers  in  the  Navy. 

The  Technical  Commissioner  sliould  be  a  specialist. 
The  Admirable  Crichton  is  not  available,  and  even  if 
he  were,  he  could  not  be  ubiquitous.  Let  us  imagine  that 
some  super-engineer  has  been  appointed  at  some  not  too 
distant  date.  It  is  not  so  easy  to  imagine  one  so  versatile 
as  to  be  able  to  send  useful  reports  on,  say,  textile  machinery, 
metallurgical  developments  and  processes,  aniline  dyes, 
extra-high-tension  insulators,  railway  rolling  stock,  and 
large  internal-combustion  engines.  Assuming,  though,  his 
existence,  with  all  this  varied  and  with  even  more  encyclo- 
paedic knowledge,  his  further  possession  of  the  necessary 
gifts  of  tact,  capability  of  literary  expression,  and  grace  of 
manner,  he  could,  either  as  a  consultant  in  Westminster 


or  as  one  of  the  leading  officials  of  a  big  firm,  command 
an  income  compar.ible  with  tliat  of  a  Major-Gcneral. 

Specialists  .acquainted  with  the  needs  of  distinct  in- 
dustries must  naturallj'  possess  an  all-round  knowledge 
of  those  branches  of  applied  science  most  closely  related 
to  their  own  special  work.  It  has  been  said  that  the  best 
specialist  is  an  all-round  man.  To  this  definition  we  must 
add  that  the  all-round  man  should  possess  imagination. 
Much,  very  much  more  than  is  supposed,  of  German 
success  in  the  past  has  been  due  to  the  possession  of  a 
scientific  and  commercial  imagination.  Others,  time  and 
again,  have  done  the  pioneer  work,  have  opened  new  fields 
of  discovery,  but  it  has  been  left  to  the  imaginative 
Teuton  to  carry  the  discovery  to  its  logical  conclusion, 
to  foresee  its  fields  of  application,  and  to  build  thereon 
great  and  remunerative  industries.  If  we  look  back  on  the 
history  of  the  evolution  of  any  branch  of  science,  or  even 
of  an}'  piece  of  machinery,  it  is  at  once  evident  that  at  any 
stage  the  next  advance  might  have  been  predicted  by  the 
intelligent  putting-together  of  the  then  ascertained  achieve- 
ments and  phenomena.  To-day  those  concerned  in  man)' 
industries  are  marking  time,  unable  to  surmount  present 
obstacles  until  the  flank  of  the  position  has  been  turned  by 
discoveries  in  another  branch  of  science  permitting  the 
bridging  of  the  gap  before  them.  There  must,  therefore, 
be  among  the  essential  credentials  of  the  technical  com- 
missioners evidence  not  only  of  practical  experience  and 
the  power  of  succinct  description,  but  of  a  logical 
imagination. 

Before  suggesting  some  typical  cases  with  which  tech- 
nical commissioners  could  deal,  we  may  consider  briefly 
how  technical  information  is  obtained  by  firms  in  the 
United  Kingdom  and  in  other  countries.  First  and  foremost 
in  value  are  specific  visits  of  individual  engineers  abroad. 
These  are  directed  mainly,  if  not  entirely,  to  purchasing 
countries,  not  to  competing  manufacturing  countries. 
Their  visits  are  sporadic.  Presumably  they  are  sometimes 
sufficiently  promising  to  lead  to  the  firm  in  question  opening 
a  branch  in  the  country  or  branches  in  certain  of  the  coun- 
tries visited.  Some  information  comes  from  the  technical 
Press,  but  there  is  of  course  an  art  in  .giving  information  to 
the  technical  Press  closely  akin  to  the  sister  art  of  con- 
cocting the  generalities  of  some  manufacturers'  specifica- 
tions for  the  plant  they  propose  to  sell.  Then,  too,  there 
are  occasional  Institutional  visits  to  competing  manu- 
facturing foreign  countries,  none  utterly  vain,  but  with  the 
technical  side  obscured  by  much  hospitality.  Good  though 
all  these  are,  they  are  not  adequate.  The  author  has  yet 
to  learn  of  any  British  firm  maintaining  an  intelligence 
department  in  any  foreign  manufacturing  city,  concerned 
in  no  way  with  the  sale  of  the  firm's  products  but  with  the 
sole  duty  of  forwarding  technical  information — collected 
in  various  manners  which  need  not  be  specified— to  the 
firm's  headquarters. 

In  place  of  this  espionage,  officially  recognized  com- 
missioners could  be  of  great  value.  It  is  unnecessary 
to  discuss  at  length  whether  the  proposed  commissioners 
should  be  attached  to  the  Foreign  Office  or  to  the  Board 
of  Trade,  and  if  under  the  former  whether  in  the  diplo- 
matic or  the  consular  branches.  There  is  the  greater 
prestige  of  the  diplomatic  service  which  already  has  its 
commercial  attaches,  whereas  even  in  the  higher  ranks  of 
the  consular  service  His  Majesty's  representatives  have,  to 
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DISCUSSION    ON 


THE    BOMBAY    HYDRO-ELECTRIC   SCHEME."* 
Manchester   Loc.^l  Section,   27  April,    1915. 


Mr.  Peck.  Mr-  J.  S.  Peck  :  The  paper  dc.ils  with  one  of  the  largest 

power  undertakings  in  the  w'orld,  and  the  technical  de- 
scriptions are  of  great  interest,  liut  there  is  nothing  in  the 
paper  regarding  tlie  operation  of  the  plant  or  of  what 
successes  or  difliculties  have  been  encountered.  The 
regulation  of  the  generators — 22  per  cent  at  o'8  power 
factor — seems  rather  close,  especially  in  view  of  tlie  fact 
that  automatic  regulators  are  used.  If  the  regulation  were 
increased  to,  say,  about  30  per  cent,  a  cheaper  and  per- 
haps better  machine  could  be  obtained.  It  is  stated  that 
the  voltage  is  automatically  maintained  by  means  of  a 
Tirrill  or  Brown-Bovcri  regulator.  Does  that  mean  that 
both  types  of  regulators  are  installed  ?  If  so,  why  ?  It 
would  be  interesting  if  the  author  could  give  a  little 
more  information  and  a  few  more  details  as  to  the  actual 
mechanical  construction  of  the  generators.  I  notice  that 
the  bearings  are  water-cooled.  Does  that  mean  that  the 
oil  is  cooled  in  a  separate  cooler,  or  is  water  passed  through 
the  bearing  pedestal  ?  I  notice  also  that  the  water  for 
cooling  is  taken  from  the  main  pipe  line.  I  believe  Mr. 
Moore  said  that  2  gallons  of  water  per  minute  was  equiva- 
lent to  I  horse-power.  The  water  taken  from  the  main 
penstock  would  have  a  considerable  horse-power  value, 
and  I  should  think  it  would  be  cheaper  to  put  in  a  small 
pump  to  circulate  the  water  at  a  low  pressure  than  to  take 
it  from  the  penstocks.  The  transformers,  I  note,  are  con- 
nected delta  to  delta.  The  usual  practice  now  is  to  con- 
nect delta  to  star,  and  I  think  it  is  possible  to  obtain 
a  rather  safer  transformer  with  this  construction.  Also 
with  that  arrangement  it  is  possible  to  earth  the  neutral 
points  in  case  it  should  be  desired  to  do  so.  Is  there  any 
particular  reason  for  using  a  delta  to  delta  connection  in 
this  case  ? 

M  Pe  ce  ^^^'  ^'  ^'  PE.iRCE  :  The  author  has  given  us  a  most 
interesting  paper,  full  of  valuable  details  descriptive  of 
one  of  the  largest  hydro-electric  schemes  which  have  ever 
been  carried  out  in  any  part  of  the  world.  The  paper 
is  essentially  descriptive,  and  it  is  not  so  easy  therefore  to 
discuss  it.  One  point  is  very  striking,  viz.  that  the  whole 
of  the  water  furnishing  the  power  is  collected  from  the 
rainfall  during  the  monsoon  season.  Those  who  have 
been  in  India  know  that  whilst  the  monsoon  season  conies 
round  with  precise  regularity  the  amount  of  the  rainfall 
varies  considerably  from  year  to  year.  Impressive  as  the 
figures  are  which  have  been  quoted  with  regard  to  the  size 
of  the  dams  and  the  amount  of  stored  water,  it  would  seem 
possible  that,  owing  to  an  exceptionally  dry  season,  there 
might  be  a  shortage,  seeing  that  the  whole  of  the  power  is 
derived  from  the  monsoon  water  alone.  It  is  a  point  I 
shall  be  glad  to  have  further  information  upon.  Then 
I  venture  to  think  that  the  paper  would  have  gained  in 
value  if  we  could  have  had  some  idea  of  the  cost  of  the  in- 
stallation. I  do  not  mean  so  much  the  question  of  the 
transmission  lines  as  of  the  power  station  and  the  hj'draulic 
•  Paper  by  Mr.  Alfred  Dickinson  {see  p.  693). 


works.  I  remember  a  remark  that  was  made  to  me  some  Mr 
years  ago  by  a  Canadian  engineer  who  was  over  in  this 
country.  The  discussion  turned  upon  the  cost  of  some 
of  the  large  water-power  companies  in  Canada  and  the 
States,  and  he  said  this,  "  People  in  England  seem  to 
think  that  power  will  cost  next  to  nothing  if  it  is  derived 
tlirough  the  agency  of  a  h3'dro-electric  company,  but  in 
my  opinion  Britishers  have  got  us  absolutely  skinned  to 
death  with  the  low  capital  costs  incidental  to  their  big 
steam-turbine  power  stations."  That  was  a  very  striking 
remark.  It  goes  to  illustrate  the  point  of  view  that  these 
large  hydro-electric  schemes  cannot  always  compete  with 
the  big  steam-turbine  power  stations  in  this  country  as 
regards  supplying  power  cheaply.  It  would  be  interesting 
to  know  why  the  unearthed-neutral  system  has  been 
adopted  in  this  installation.  With  regard  to  the  arrange- 
ment of  the  main  switchgear  at  the  power  station  there 
is  just  one  point  I  should  like  to  bring  out.  That  is  in 
connection  with  the  use  of  the  transfer  busbar.  I  admit 
that  it  is  probabh'  more  usually  adopted  to-day,  but  it 
seems  to  me  that  the  transfer  busbar  can  be  dispensed 
with  by  treating  the  step-up  transformers  and  the  gene- 
rator as  one  integral  unit.  I  think  a  scheme  which  elimi- 
nated that  transfer  busbar  would  certainly  be  cheaper  ;  it 
ismostassuredl}'  less  complicated,  and  I  think  on  the  whole 
it  would  be  more  reliable.  This  view  has  been  expressed 
here  before  to-night,  and  I  think  it  is  on  those  lines  in 
the  future  that  probably  the  development  of  large  high- 
tension  switchgear  schemes  will  be  proceeded  with. 
There  is  a  point  that  I  should  like  to  make  with  regard 
to  the  cost  of  the  supply  to  the  mills.  It  seems  curious 
that  whilst  energy  is  sold  at  o'5  anna  where  the  mills 
provide  their  own  motor  equipment,  the  additional  price 
that  is  asked  in  the  case  of  the  company  supplying  the 
equipment  is  only  o'osd.  I  will  assume  that  the  standard 
rupee  is  equivalent  to  16  annas  or  i6d.,  in  which  case  one 
anna  would  equal  one  penny.  It  amounts  then  to  this, 
that  for  o'05d.  on  every  unit  sold  the  company  have  to  pay 
the  capital  charges  on  the  mill  equipment.  In  this  country 
with  a  mill  of  about  1,800  horse-power  and  a  consumption 
of,  say,  2j  million  units,  the  additional  0"05d.  would  bring 
in  an  additional  revenue  of  £570  a  year.  Take  a  round 
figure  of  ;£7,6oo-;£8,ooo  for  the  cost  of  the  electrical  equip- 
ment in  a  mill  of  the  size  I  have  mentioned.  I  notice  that 
these  agreements  are  for  10  years,  from  which  I  assume 
that  a  company  conducted  upon  prudent  lines  would 
undertake  to  write  down  the  capital  cost  within  that 
period.  On  the  basis  of  a  3  per  cent  sinking  fund  the 
company  ought  to  allow  8|  per  cent  upon  the  capital 
outlay  in  order  to  write  down  the  cost  within  the  said 
10  years.  If  my  calculation  is  right,  that  figure  of  o-o5d. 
per  unit  is  little  more  than  half  what  it  should  be  if  the 
cost  of  the  mill  equipment  is  to  be  written  down  within  the 
period  of  the  agreement.  Can  Mr.  Moore  tell  us  whether 
the  company  write  down  the  equipment  within  10  years  or 
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was  very  »{'«■•"  diffidence  with  rcjjard  to  the  scheme  at 
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entered  into  a  10  years'  agreement  to  take  current  at 
o'5S  anna  (o'sjd.)  per  unit.  This  enterprise  had  the 
desired  efihxt,  and  I  think  tliat  before  the  power  station 
was  built  almost   the   whole  output  was  contracted  for. 
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Mr.  Crews.  Mr.  H.  C.  Crews  :  Looking  at  the  views  shown 
upon  the  screen  I  was  much  impressed  by  the  tre- 
mendous expense  of  a  scheme  lilic  this,  but  can  such 
expense  be  justified  ?  I  should  hke  to  ask  what  pro- 
portion of  the  0-5  anna  charged  for  current  repre- 
sents what  we  understand  in  this  countrj'  as  capital 
charges. 

Mr.  Aiicock.  Ml".  H.  Allcock  :  This  paper  and  Mr.  Rider's  recent 
paper  serve  to  demonstrate  the  fact  that  the  future  of  the 
British  electrical  engineer  lies  quite  as  much  abroad  as  at 
home.  The  students  and  young  engineers  of  to-day  should 
therefore  not  hesitate  to  take  advantage  of  opportunities  of 
advancing  their  knowledge  and  understanding  of  engineer- 
ing problems  by  taking  up  at  once  these  positions.  I 
should  be  obliged  if  the  author  could  tell  me  whether  the 
ends  of  the  cambric-insulated  cables  are  sealed  in  any  way, 
and  if  not,  whether  any  difficulty  has  been  occasioned  by 
their  absorption  of  atmospheric  moisture.  I  should  also 
be  very  interested  if  he  would  give  some  comparative 
figures  of  the  conductivity  and  mechanical  strength  respec- 
tively of  the  twisted  sleeve  mechanical  joint,  as  compared 
with  an  equal  length  of  unbroken  conductor.  We  know 
these  twisted  mechanical  sleeve  joints  have  been  employed 
fairly  largely,  and  presumably  successfully,  especially  in 
America  on  aluminium  transmission  lines,  but  they  do  not 
appear  to  have  been  used  very  extensively  on  hard-drawn 
copper  aerial  lines. 

Mr.  Fenneii.  Mr.  \V.  Fennell:  It  has  occurred  to  me  in  the  course 
of  the  discussion  that  a  point  arises  with  regard  to  the 
charges  for  the  electricity  supply  from  an  installation  of 
this  kind.  Most  of  the  cost  ijiust  be  in  the  nature  of, 
standing  charges  and  bears  almost  no  relation  to  the 
number  of  units  sold.  Now  in  Bombay,  just  as  in 
Manchester,  there  may  come  periods  of  bad  trade  when 
the  financial  basis  of  a  concern  charging  a  flat  rate  would 
be  seriously  jeopardized.  I  wonder  whether  the  promoters 
of  the  scheme  have  considered  the  question  of  charging  on 
the  Hopkinson  basis,  i.e.  a  fixed  amount  per  horse-power, 
to  cover  the  standing  charges,  plus  a  small  charge  per  unit 
to  cover  the  running  expenses,  thus  making  the  basis  of 
charge  follow  the  same  law  as  that  of  the  costs.  I  wish  to 
point  out  that  those  responsible  for  the  flat  rate  on  a  unit 
basis  in  the  Bombay  power  scheme  have  departed  from . 
the  established  practice,  which  is  to  charge  a  fixed  price 
per  annum  per  horse-power  derived  from  water  power  ; 
and  an  explanation  of  the  reasons  for  this  departure  would 
be  of  great  interest. 

Mr.  Moore.        [Mr.  E.  F.  W.  MooRE  replied  briefly  on  behalf  of  the 

author  who  was  unable  to  be  present.] 

Mr.  Mr.  Alfred  Dickinson  (in  reply,   communicated)  :     In 

Dickinson.     j.gpjy   j^  j^jj.    p^^j.^   J   ^^^j^   _,^y  ^J^^^   ^.^^.jj  ^^^   Brown- 

Boveri  regulators  were  installed  side  by  side,  one  as  a 
-^tand-by  to  the  other.  A  stand-by  having  to  be  provided, 
m  this  way  experience  will  be  obtained  in  the  operation  of 
both  types  of  regulator.  The  generators  are  quite  standard 
and  of  usual  construction.  The  oil  in  the  bearings  is 
cooled  by  water  passed  through  coils  in  the  bearing 
pedestal.  The  service  cooling  water  was  taken  from  the 
main  pipe  line  in  preference  to  the  operation  of  motor 
pumps.  In  a  close  comparison  of  all  the  factors  in  both 
schemes  the  method  adopted  was  justified.  Delta-delta 
connections   were   deliberately   adopted.      The   matter  is 


more  fully  explained  in  my  reply  to  Mr.  Rider  in  the  dis-  Mr. 
cussion  in  London  (page  720).  "^  '"^'"'' 

The  answer  to  the  point  raised  by  Mr.  Pearce  in  connec- 
tion with  the  adoption  of  an  unearthed  neutral  will  be 
found  in  the  reply  mentioned  above. 

The  observations  of  the  Canadian  engineer  to  Mr.  Pearce 
as  to  certain  hydro-electric  schemes  being  unable  to  com- 
pete with  large  steam  turbine  power  stations  are  no  doubt 
true.  All  these  schemes  have  to  be  judged  upon  their 
merits,  and  they  are  largely  controlled  by  local  circum- 
stances. For  instance,  take  the  two  cases  of  Johannesburg 
and  Bomba)'.  A  large  steam  station  in  Johannesburg  is 
more  or  less  justified  by  the  low  price  of  good  coal.  The 
price  of  good  coal  there  is  roughly  one-fifth  of  that  of  poor 
coal  in  Bombay.  In  my  verbal  reply  at  the  meeting  in 
London  I  stated  my  impression  to  be  that  in  no  country 
except  India  would  the  construction  of  such  large  dams  be 
a  commercial  possibility — certainly  not  in  Canada  where 
the  price  of  masonry  per  cubic  yard  would  be  at  least  three 
times  as  great  as  in  India.  I  am  certain  that  no  steam 
station  in  Bombay  could  compete  with  the  hydro-electric 
supply  as  installed. 

In  reply  to  Dr.  Bowman,  ample  provision  has  been  made 
for  evaporation.  No  general  rule  can  be  laid  down  for 
evaporation,  since  so  many  points,  each  varying  with  the 
particular  lake  or  district,  have  to  be  taken  into  account, 
such  as  the  depth  of  water  in  the  lakes,  night  condensa- 
tion, the  nature  of  the  lake  surroundings,  whether  of 
intense  vegetation  or  bare  rock,  and  so  on.  Mr.  Joyner's 
judgment  in  this  matter  has  been  borne  out  in  actual  prac- 
tice. I  believe  that  there  is  no  other  instance  on  record 
where  the  evaporation  approaches  in  extent  that  mentioned 
by  Dr.  Bowman. 

The  point  mentioned  by  Mr.  Atchison  with  regard  to  the 
governing  of  the  turbines  is  dealt  with  in  the  observations 
of  Mr.  Doelly  in  the  London  discussion. 

Mr.  Crews'  question  was  answered  in  my  reply  to  the 
above  discussion. 

In  reply  to  Mr.  Allcock,  I  would  say  that  the  cambric- 
insulated  cables  are  not  specially  sealed.  Similar  cables 
are  in  use  at  the  Cauvery  Falls  installation,  and  in  other 
parts  of  the  world.  So  far  I  have  not  heard  of  any  diffi- 
culty due  to  the  absorption  of  atmospheric  moisture.  The 
mechanical  tests  made  on  the  twisted  joint  showed  that 
the  joint  was  stronger  than  the  conductor.  No  elaborate 
tests  have  been  made  of  the  relative  conductivity,  but  I 
am  satisfied  that  the  adoption  of  this  joint  has  in  no  way 
affected  the  efficiency  of  the  line. 

In  reply  to  Mr.  Fennell  I  have  to  say  that  practically  all 
the  known  methods  of  charging  for  energy  were  con- 
sidered, including  those  mentioned  by  him,  which  have 
their  advantages  and  disadvantages.  The  method  adopted 
is  void  of  ambiguity  and  is  satisfactory  to  the  consumers. 
A  fixed  charge  per  horse-power  per  annum  can  only  be 
justified  where  there  is  a  continuous  and  abundant  supply 
of  water  and  where  small  capital  expenditure  is  needed  on 
development.  The  whole  of  the  water  for  the  Bombay 
project  is  stored  water,  secured  at  a  considerable  cost.  A 
charge  per  horse-power  per  annum,  in  this  case,  would 
have  to  be  abnormally  high  and  therefore  not  so  satis- 
factory to  the  consumer  as  the  tariff  adopted  of  payment 
per  unit. 
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Mr.  V.  A.  Pynn  {communKaUJ) :  Kc{>udin|{  ihc  lUBcliinc 
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explanation  of  tt>e  manner  in  which  il  operalcs.  To  txrgin 
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to  the  brukb  <i„  the  circuit  being  completed  i 
rotor  winding,  the  brush  ii„  and  the  : 
N,.     Tills  represents  the  workiii);  cm. 
•  The  uriiialure  aiii(>cic  ' 
ti,  ii.    co-opiiate    with    : 
winding  F,  to  produce  toiijue.      Ihis  cxi 
mainly  (cd  from  the  secondary  0  of  tlie  Uai.  ...   e 

primary  5  of  which  is  connected  across  the  second  phAsc  ; 
but  it  also  receives  a  small  voltage  from  the  >ev  ■  '  -•  ■  f 
the  transformer  T„  the  primary  2  of  which  i"  I 

.n:i>ss  the   lirst   phase.     The   second   phase,    sc 
n  i^lv  provide^  the  exiifing  voltajje   whrrrii'-  ihr  ' 
Mc  for   tl 
;  c  circuit 
prises  brush  a^  the  rotor  winding  along  the 
brush  <],,  and  the  neutrah/ing  winding  \^      i  ..v  ,».....,...«. 
ampere-turns  due  to  this  second  phase  also  co-openUe  with 
the  motor  flux  due  to  1'  .ding  F,  to  produce 

torque.     F,  derives  it^  'mufivc   (i>rcc   from 

the  secondary  4  of  T,  an  J  11  >  v<.>iiip<.i. 
force  fioin   the    ^condary  7   of   T,       .  ■> 

machine  is  adjusted  either  by  changin)^   :  im- 

prcs.sed   on   the   armature   circuits    or    \'\  „   .^    the 

exciting  voltages  derived  frooi  the  m  6  and  4. 

The  fx)wer  factor  of  the  machine  is  auju-mi  i.*  cha-  ■ 
the   value   of   the   compensating   electromotive  for>. 

•n  each  exciti:  . 

i»  7   and   J, 
force    p: 
!    (v  mc 
Une    I 

requires  1- -.   ....._ , 

case  of  a  3-phase  machine. 

of  cl!  ■     .;  the  tield  V. 

the  t  s  as  to  I 

ings   t^'    p<.i:oini    '. 

realized   (lit    i:'.\ 

could  W 

m  my   I  -       .  ■ 

covering  this  invention.      If  that  part  of   each  armature 

circuit  which  is  located  on  ''•■   -•■■■'  •-  •    •  •  ■    ■    ' 

use,  then  the  rotor  carries 


:,i"  and  derived  fro::i  '.    c 
V        How    ihi-    Liiixil   irv 


.ck    IS   tnat    a   3-pliase   motor 

;:,  while  six  are  needed  in  the 

In  i>^,  1  conceived  the  uira 

'      •    K,  F,  and    "  - 

of  the  : 

F.   and  F  ! 

<»f    the    .^! 

1 
I 


vj4 
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DISCUSSION    ON 


Mr.  Fypn.  heavier  load  falls  on  the  revolving  part  of  the  machine,  but 
this  disadvantage  is  in  part  offset  by  a  certain  advantage,  to 
which  I  shall  refer  presentlj".  Which  of  the  two  possible 
coniliinations  is  to  be  preferred,  entirely  depends  on 
circumstances. 

Fig.  T  shows  that  form  of  the  improved  motor  in  which 
the  rotor  is  put  to  a  doulilc  use,  in  otlier  words,  the  conncc- 


6      V"    X. 


Fig.  T. 


tions  are  so  made  as  to  cause  the  rotor  to  carrj'  working  as 
well  as  exciting  current.  But  whenever  the  exciting  wind- 
ing of  an  alternating-current  motor  is  placed  on  the  rotor, 
the  machine  becomes  self-compensating.  This  is  the 
advantage  above  referred  to  and  the  point  which  I  think 
the  author  has  overlooked.  This  self-compensating  feature 
is  due  to  certain  speed  electromotive  forces  which  appear 
at  the  bruslies  and  so  change  the  phase  of  the  resultant 
electromotive  forces  impressed  on  the  exciting  circuits  of 
the  machine  as  to  improve  the  power  factor  of  the  motor. 
The  self-compensating  speed  electromotive  force  appearing 
at  the  brushes  63  64  is  due  to  rotation  of  the  rotor  con- 
ductors in  the  armature  leakage  field  along  the  axis  6,  6„. 
The  self-compensating  electromotive  force  appearing  at 
the  brushes  6,  b^  is  due  to  rotation  of  the  armature  con- 
ductors in  the  armature  leakage  field  along  the  axis  b^  b,. 
Being  dependent  on  the  armature  leakage  flux,  these  self- 
compensating  electromotive  forces  of  course  vary  propor- 
tionately with  the  load.  At  synchronism  the  pressure-drop 
due  to  armature  reaction  is  entirely  compensated  in  each  axis 
by  the  speed  electromotive  forces  referred  to.  Above  syn- 
chronism the  pressure-drop  due  to  stator  reaction  can  also 
be  compensated.  Below  synchronism  the  pressure-drop 
due  to  armature  reaction  is  under-compensated.  These 
compensating  speed  electromotive  forces  naturally  cause 
the  machine  to  run  at  a  more  constant  speed  than  would 
otherwise  be  the  case. 

In  further  explanation  of  the  machine  shown  in  Fig.  T,  I 
have  prepared  Figs.  U  and  V.  In  Fig.  U,  phase  P,  is 
impressed   on   the   armature   circuit   b,  b,  and   N,.      The 


armature  ampere-turns  in  this  circuit  co-operate,  to  produce  Mr.  I'yn 
torque,  with  a  flux  the  magnitude  and  phase  of  whicli 
depends  on  a  voltage  P^,  +  P„  the  larger  component  P,  of 
which  is  derived  from  the  second,  while  the  smaller 
component  P,  is  derived  from  tlie  first,  phase.  This  excit- 
ing and  compensating  voltage  is  applied  to  the  rotor  by 
way  of  the  brushes  b^  bi  and  at  right  angles  to  the  armature 
axis  /),  b,  (see  Fig.  V).  The  second  phase,  P„  is  impressed 
on  the  armature  circuit  comprising  the  brushes  63  64  and 
the  neutralizing  winding  N,.     The  armature  ampere-turns 


Fig.  U. 

produced  by  this  circuit  co-operate,  to  produce  torque, 
with  a  flux  the  magnitude  and  phase  of  which  depend  on 
the  voltage  P,  +  P^,  the  greater  component  P,  of  which  is 
derived  from  the  first,  while  the  smaller  component  P^  is 
derived  from  the  second,  pliase.  This  exciting  and  com- 
pensating voltage  is  applied  to  the  rotor  by  way  of  the 
brushes  6,  b^  and  at  right  angles  to  the  armature 
axis    63  64  (see    Fig.    U).      The    only   difference    between 


Fig.  V. 


the  motor  shown  in  Fig.  T  and  that  illustrated  in  tlie 
author's  Fig.  7,  is  that  the  exciting  and  compensating 
electromotive  forces  in  the  first  case  are  derived  from  a 
number  of  adjustable  ratio  transformers,  whereas  in  the 
second  they  are  taken  from  a  polyphase  transformer  with  a 
movable  secondary.  While  it  is  possible  to  alter  the  phase 
of  the  electromotive  forces  derived  from  such  a  trans- 
former, yet  their  magnitude  remains  the  same  for  all 
positions  of  the  movable  member,  and  it  then  becomes 
necessary  to  provide  some  additional  means  for  the  purpose 
of  varying  the  magnitude  of  the  current.  This  is  done  in 
Fig.  7  by  inserting  inductances  5  into  tlie  exciting  circuits. 
That  inductances  and  not  resistances  must  be  used  in  the 
exciting  circuit  of  a  commutator  motor,  in  order  to  regulate 
its  speed,  has  been  well  known  for  some  time  and  was 
clearly  set  forth  in  my  U.S.  Patent  No.  960,881,  filed 
December  igo6,  and  based  on  a  prior  British  application. 
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.1  ,L.-  >i  I  jMi'tinciii  ^iiuwii  in  Ktg.  7  i»  clouK  ilic       jviiit.i'  ii..>i-tv  iiiriiii'ii!   |K/I>j<).^>r    motor   »~tl 
T.  anil  llir  I«m>  ih-^ 


luIijUuci 


•MS   oonducHon 


M(l7 


«!(..   . 

l>-pe.  II 
^lilrr  1 1 

ri  ■ 

»v  I    (livj— .'•!  (Ict(re«s 

wit...  ...^,  ..     -..., ,  .».   lo  ibout  .x/4  ol  Ihc 

ruloi    Mnttrrc-iuriisi.     Fig.  X  illuMi^tto  iIicm;  conditioiiik. 


jii 
Ic 
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lie 


Kii:.  X. 


Tlic  rotoi   Ih:1i   vvitluii  :i 
Hux     K,    aU^tit;    '!!<•    'ion 


.1: .^Ic  J  J   pr.  -    inutor 

I  111   .ixis.    till-  .;   rotor 

heavy   aii-s  iii   Hit   li|{urc, 
pi  liux  K,  directed  upward:* 

aJong  the  vertical  axis.  riii>  urinaturc-rcaclioii  tlux  is 
annulled  by  the  neutrali/ing  tiux  due  to  the  winding  N. 
I  am  unable  quite  to  agree  witli  the  author's  views  as  to 
conimutation.  His  remark>  as  to  singlc-phaM:  iiiolors  are 
probably  based  011  sene»  conduction  inaLhiiic».  In  this 
type  there   !  M.  and  external  apparatus, 

Mich   as  Co::  ist   be   ii>eil   on    all    larger 

si/cs  :  but    '  es  are  known  and  are  in 

daily  use  11 1  ^4  tield   is   present.     When 

Mich  nuchini;s  opverate  at  or  near  synchronism,  their  com- 
inuUtioo  is  as  perfect  a!>  that  of  a  polyphase  motor,  all 
voltages  but  the  reactance  volta{>c  being  balanced  in  the 
c    '         ''  nutation.   Whcr    '  voltage 

IC '  :  tain  values.  Co  i  >  must 

Ik.-  .uiUcdL  ti>r 

\Mlh   ^h^m•  ;ed 

a!  ;      The 

Ct  .        ,  ,  -nously 

l<^LKeed^  under  exactly  the  same  conditions,  it  being  only 
nec«.-»&ary  to  take  care  of  the  reactance  voltage  after  the 
latter  has  reached  certain   values.      Output  for   output,   a 


I.  on 

M.    ., . 

unaware  that  Mi    I 


I. 


uheie  I 
mcinil 
dcv. 

arc  i<><.  11 


r 


With  ic^ard  lu  p>.iiiii~  .1  t 
main  in  i^ 
'{"he  lu-i 


late  in  C' 

po»iblc  t,   .._ 

attention   to    it   in    Ins   reiitark>  by 

armature    Ik  ' 

neulrali/iii^ 

arm 

the 

to  t 

due  : 

by   rotation   at   s\ 

po^Mble  to   neutra..<v    ...v    ■^..^. 

whole  machine  at  >vn>.'hroiiuu'> 


i;   to 


cd  :  It  be 


cci ; 
pre- 

I  may  j->crnap>  be  jh  : 
illustrated  by  Kig.   \i  : 

more  clear.     Sup|H>->v  the  oommulator  motor  Iv 
at  slightly  over   >ynchronous  speed   and  at    u- 
factor  ;  the  voltajje  appearing  in  ttic  >talor  w 
between  llie    . 
mav  then    Iv 
Fig.  Y, 
the  man. 

load  current  :  it  deviates  Iroin  the  11  uc  Mt.> 
motor  principally  due  to  the  reactance   } . . 
the  load  current.     The  armature  vi<ltaj;e  OU  . 

a»lh. '    ' ■' 

ami 
pre 

vol!... 


.1  1 


be 


by  lulaliuii  ul  tile  aiilkiluie  (>elu<e  iiic  li  ue  plia>r 
the  held  can  be  detcrniinetl.  If  now  the  louid 
increa>ed  it  would  only  be  po>Mble  to  retain  unity 
power  factor  by  the  stator  voltage  taking  up  some 
position   such   as  A,  B,   in   Fig.   /,  uhich   indicates   thai 
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Mr. Shuttle-  the  picssiirc-cllop  dtio  to  reactance   has  increased;    this, 

worth.         however,  means    that    the    voltage    O  B,    impressed    on 

the   armattirc   must  differ  in   phase  also  and  subtend  an 


angle  9^  to  the  star  voltage  of  the  motor.  Ordinarily  the 
latter  voltage  would  not  alter  in  magnitude  or  phase,  hence 
the  voltages  measured  on  the  windings  of  the  motor  would 
be  compelled  to  retain  the  magnitudes  shown  in  Fig.  Y  ; 
and  to  do  this  it  is  necessary  for  the  current  to  depart  from 
unity  power  factor  on  other  loads  so  that  the  impedance 


pressure-drops  can  combine  with  the  voltages  induced  by  Mr,  shmi 
the  field  to  give  tlie  same  terminal  voltages.  To  retain  ^"""' 
good  power  factor  the  angle  9  must  vary  with  the  load, 
or  in  other  words  the  exciting  voltage  must  possess  two 
components  ;  one,  whicli  is  appreciably  constant,  pro- 
ducing a  constant  held,  rotation  in  which  produces  the 
counter  voltage  of  the  motor  in  phase  witli  the  star 
voltage  of  the  system  ;  and  the  other,  variable,  producing 
a  component  of  the  lield  differing  in  phase  from  the  former 
which  increases  with  the  load  current,  rotation  in  which 
generates  a  voltage  overcoming  the  reactance  pressure- 
drop  of  the  load  current  in  the  motor.  The  latter 
component  it  will  be  observed  is  derived  from  current 
transformers  connected  as  shown  in  Fig.  12. 

I  have  also  not  previously  drawn  attention  to  the  fact 
that  if  the  e.vcitation  be  applied  to  the  armature  of  the 
motor  vi'ith  the  metliod  of  speed  regulation  shown,  it 
would  seem  impossible  to  accelerate  to  synchronous 
speed  without  actually  short-circuiting  the  armature 
brushes,  and  a  reversed  excitation  must  be  obtained 
before  the  short-circuit  is  opened  in  order  to  obtain 
speeds  above  synchronism. 

My  previous  reference  to  the  commutation  of  single- 
phase  motors  was  made  having  in  mind  only  the  series 
conduction  type,  which  is  the  only  one  used  to  any 
appreciable  extent  in  this  country.  I  agree  entirelj- 
with  Mr.  Fynn's  remarks  on  tliis  subject. 
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THK   M.\GNET1C    BRH.WIOUR   OF    IRON    UNDER   ALTERNATING 
MAGNETIZATION    OF    SINUSOIDAL    WAVE-FORM. 


By  N.  W.  McLachlas,  U.Sc.  Eng.,  Associate  Member. 

(PaffT  lint  tcttiveti  4  Hay,  and  im  Anal  form  31  i/<j>,  1915.I 


Wlien  iron  is  subjected  to  alternating  nugnctitation 
which  ;  '  -  a  sine  wave  of  clcctroinolivc  force  in 
the  cK  lit,  the   value  of  tlic  tlux  density,  for   a 

given  value    ui    tlie   I!  ■iif 

as  !hsl  I'dl.iint-d  l>i!  1.;; 

C.  >.cs  a   >UliC   liclili,   (Mi'Vulinl    liial    the 

ck  ^  ,       111  of    eddy    currents    is    iiej'hjjible. 

For  frequencies  of  50  periods  per  second  or  less,  this  holds 
good  when  the  iron  consists  of  tliin  sheets  such  as  are 
used  in  modern  transformer  construction,   e^.  "  Stalloy. " 

The  pre-'  jjives  the  results  of  an  investigation 

when  the    1  ion   of  the   iron   was  effected   by  an 

al'  i>iiii.iit  ot   sinusoidal  w.t  iid 

fi  ier   test   was   "  Lohys  led 

t>y  Messrs.  Joseph  Sankey  &  Sons. 

Two  cases  were  investigated  : 

(i)  A  core  composed  of  strips  bent  to  a  circular  shape 
round  a  former,  being  held  in  place  by  an  endless  spiral 
spring.  The  strips  were  first  cut  to  length  approximately, 
and  then  shellaced.  When  the  <-hell.ic  was  dry  each  strip 
was  cut  so  th;.l  the  end<  hutted  toj;ethcr  :»<  nearly  as 
possible,  the  joiiiis  I  ted  at  aj  ;  lal 

angular  intervals   n  1  ^re.     Thu  ig- 

nelic  standpoint  the  joints  were  equivalent  to  lap-jouits. 
The  bending  of  the  strips  produced  a  large  permanent 
«cl,  causing  a  stress  in  the  fibres  near  the  skin  of  the  strip, 
conkiderahly  in  excess  of  the  stress  at  the  "  yield  point."  f 
Tests  were  made  on  a  core  of  this  form  to  ascertain  what 
effect  the  b. 

(?^  A  c<--(, 
same   l  c   slnps    used    in    ca^c    111, 

lo  size   I  Maurers,      I'he  rough  edges  i. 

•  U  LoyiuBDi.  U^ocUutioa  ot  icuo  la  ooatiBuou*  and  atlcmal- 
ingticldt.    AtU  iUt»  AtuKtattjiu  VtUTuUimK^  lUluma.vai    t- 

■  •>ii 

♦  T'- 


v'r'  1  pni^t  "fiir  t-i  hv> 


V  UL.   bi. 


:7  -rjo  !!■  f<r  'q.  ;ri    The  n 


from  the  stamping    out    were   removed,  and   ins 
between  the  discs  was  provided  by  means  of  a  cool  of 
shellac. 

Details  ok  Ris'i^s  and  Wisiiikgs. 
-Na.  (I) 

No.  of  strips  Ol  Loh>'s  =  ;;; 

Total  I'     '  '    •    I's        =o7t.cm. 

Mean;  :istnp  =  u33mm. 

I>  .  ip  =10  cm. 

t .  li  ca  of  core  =  o-^O  ■»^.  cm. 

Mean  diameter  ui  core 

S'o.  of  turns  on  primary 

\o.  of  turns  on  >ccondary 

For  static  field  H 

For  alternating  field  H^., 
Na  u) 

No.  of  discs  of  Lohys 

1 

M  .  CSS  of  each  disc  =:  036  mm. 

Iv  '  1  of  each  disc     ^=o't>^3cm. 

C;  -        ;ul  area  of  core  =  o->X>J  sq.  cm. 

Mean  diameter  ^  1^  21  cm. 

No.  of  turns  on  primary        =  136  (18  S.\V.G.) 

No.  of  turns  on  secondary    =  30 

F>  H  "     =V^«  I 

K  .eld  H^     =1*4  1^^^ 


=  10- 1  cm. 

=  i48(i8S.\V.G.) 

=  K> 

=  5  87  I 

=  «*2V«^«. 

=  18 

=  foi  cm. 

Ir 


Ballistic  Tests. 

a   cvclic   stale   »r»d   to 


order   «.i   pet   the  iron  into 
-.  each   I 
on   at    a 
per  second,  the  current  being   ^ 

anifieres  to  *ero.     The   H-H   ci..  . .     

then   determined   balhsticaily  by  the  method 
using  a   Cromplon    galvanometer,   the   sn  - 
bifilar  and  the  periodic  lime  12  seconds. 


•m  5 

— i  was 

reversal 
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of  the  galvanometer,  which  was  determined  up  to  the 
maximum  scale  readings  given  by  the  test  rings,  was 
obtained  by  means  of  a  standard  solenoid  about  2  metres 
long,  giving  10'  interlinkages  on  reversal  of  a  current  of 
lo  amperes.  The  field  of  this  solenoid  is  uniform,  and 
the  search  coil  of  84  turns  is  situated  at  the  middle  of 
its  length. 

Each  point  on  a  B-H  curve  was  the  mean  of  at  least 
three  throws,  and  before  each  throw  the  current  through 
the  coil  was  reversed  10  times.  Each  curve  was  deter- 
mined before  and  after  the  experiments  with  alternating 
currents,  and  was  found  to  have  undergone  no  change. 

Method  of  obt.vining  -^  Sine  Wave  of  Current. 
A  sine  wave  of  current  was  obtained  by  using  the  circuit 
shown  in  Fig.  i.   The  alternator  was  designed  to  give  a  sine 


ponent  due  to  hysteresis  and  eddy  currents  was  included, 
because  the  author  had  not  an  instrument  which  would  in- 
dicate such  low  powers  as  those  absorbed  by  the  test  rings. 
For  the  range  of  values  of  B  used  in  the  experiments 
the  energy  loss  does  not  cause  any  serious  alteration. 
Although  the  energy  current  is  90°  out  of  phase  with  the 
true  magnetizing  current,  it  does  not  affect  the  shape 
of  the  wave  since  the  former  is  sinusoidal,  and  it  must 
therefore  be  combined  with  another  sine  wave  of  current 
in  order  to  give  the  resultant  sine  wave  of  current  as 
supplied  by  the  alternator.  It  is,  of  course,  the  latter  wave 
which  is  recorded  by  the  oscillograph. 

Two  hot-wire  ammeters  were  used  ;  the  first  for  currents 
from  o'25  to  i  ampere,  and  the  second  for  currents  from 
I  to  5  amperes.  Both  instruments  were  standardized 
frequently  during  the  tests. 


Alterncitor 


YI. 


Fig.  I. — Arrangement  of  Circuit. 


A  =  Hot-wire  ammeter. 
PR  =  Primary  of  test  rinji. 
N.I.R.  =  Xon-inductive  resistance. 
v. I.  =  Variable  inductance. 


O.S.  =  High-frequency  oscillograph. 


Sc  =  Secondary  of  test  ring. 
T.Ai  =  Thermo-ammeter. 
S\v  =  Change-over  switch. 
R\'  =  Non-inductive  resistance  box. 


wave  of  electromotive  force  within  5  per  cent  up  to  a  load 
of  10  amperes,*  inductive  or  non-inductive.  This  being  so, 
it  was  possible  to  obtain  a  sine  wave  of  current  by  putting 
a  large  variable  inductance  in  series  with  the  primary  of 
one  of  the  test  rings,  each  of  which  was  designed  to  have  a 
comparatively  small  inductance  even  at  high  flux  densities. 
The  variable  inductance  consisted  of  an  Epstein  tester  with 
an  air  core  and  two  choking  coils  having  cores  of  fine  iron 
wires  worked  low  down  on  the  straight  portion  of  the  B-H 
curve.  In  addition,  the  parallel  leads  from  the  alternator 
to  the  test  coil,  each  lead  being  about  75  yards  long,  con- 
tributed to  the  inductance  in  circuit.  The  maximum  "  root 
mean  square"  current  was  5  amperes,  and  this  necessitated 
only  a  p'^rtion  of  the  iron  cores  being  within  the  choking 
coils,  entailing  a  minimum  of  interference  from  hj'steresis 
compatible  with  the  maintenance  of  a  sine  wave.  For  all 
values  of  the  current  a  proportionately  stiff  alternator  field 
was  maintained  in  order  to  prevent  an)'  distortion  which 
might  occur  due  to  armature  reaction.  Variations  in  the 
current  were  effected  by  adjusting  the  alternator  field  and 
the  variable  inductance. 

In  measuring  the  magnetizing  current  \  the  energy  com- 

*  In  the  tests  the  load  never  exceeded  5  amperes. 

t  Referred  to  in  the  paper  as  the  "  apparent  "  magnetizing  current. 


Method  of  obtaining  the  Maximum  Flux 
Density  (B„,a..,.). 

The  R.M.S.  voltage  on  the  terminals  of  the  secondary  of 
a  test  ring  is  given  by  the  expression 

VR.M.s.  =  4/»Bmax.a/"  X  10-'  .     .     .     .     (i) 

where 

,   ,         ,  '  /      R.M.S.  value\ 

/„,  is  the  form  factor  of  the  voltage  wave  (=  ■Mean  value"/ 

a  =  cross-sectional  area  of  iron  core, 

/  =  frequency  in  periods  per  second,  and 

n  =  number  of  turns  on  secondary  of  test  ring. 


By  transformation 
B,„ 


V„.M.s.  X  10- 


(2) 

47,,,  a  J  n 

Since  a  and  n  are  fixed,  it  is  essential  to  know  the  values 
of  Vb.m.s.  and  /„,  in  order  to  determine  B,„„.,.  for  a  given 
supply  frequency. 

To  ascertain  the  R.M.S.  value  of  the  voltage,  a  thermo- 
ammeter  (giving  a  scale  reading  of  400  mm.  for  a  current 
of  0-65  milliampere)  and  a  non-inductive  resistance  box 
were  connected  in  series  with  the  secondary  of  a  test 
ring    as    shown    in    Fig.    i.     The    thermo-ammeter    was 
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FlO.  1. — Arrangement   ul    Orcuit    for  obuining   Oaollogranu  from  the 
Primary  of  a  Tc-t  !••  ■■■ 

Sh  a  Mucaoln  ihuDi  OS.  a^  i  r  oadnu^npii. 

Pit  =  Pnnuo  "<  '«»•  "»*  "«  =  •'>  "  "     -"  ■"  ctMrtiucc  b^xn. 

T.A|  and  T^  =  rhcmo^aiuinricrs. 


accurately  delineated,  since  the  osciUograpli  was  easily 
able  to  follow  all  the  harmonics  of  any  '  o  which 

wcrf  likflv  l>  ofciir.     Although  the  d.i:  low  frc- 

i{  1^  relatively  ut  miuII  account, 

ti.  ,  ,   n^  oil  was  kept  as  near  the 

critical  point  as  practicable. 

To  obtain  oscillograms  the  s|>ced  of  the  revolving 
cylinder  carrying  the  photographic  him  was  adjusted  to 
give  a  suit.i'  '  iL-nglh.  and  the  reading  of  the  thenno- 

amincter  w  cd.     Bv  putting  over  the  switch  Sw 

from  A  to  U  ai..i  ;!i'>».-rling  S.  ^  -  of 

vo!!n;.;f    nnf!    0!:rri-'-'    were   1:>'.  .    of 

I  liter    tiic    thernio- 

a:  ctcr   reading   was 

also  observed  after  each  photographic  rccor(|  had  been 
secured,  this  obserx-alion  acting  as  a  check.  The  non- 
inductive  resistance,  in  scries  with  the  oscillograph  and 
t'  '        .      .1  maximum  dctlec- 

t  .ni. 


on   accurate   squared   paper  and   enlarged  several   times 
full  sire. 

From  these  enlargements  the  "  root  mean  square  "  and 
mean   values  were  derived,  and    hence   the  foim  factor. 


small  apparent  magnetizing  currents,  the  osciUograpb- 
current    must    l>e   taken   m  t.     It    n;  !< 

borne  in   mind  th.it    in    a  Srin-.;   f  .it 

of  phase,  the  w.i  .1. 

Another  coniplic.i',  .»e 

of  current  flowing  from  the  alternator.  The  current  oa 
the  ammeter  side  of  T,  is  sinusoidal,  but  at  T,  it  splits  up 
into  two  components,  different  in  phase  and  in  wave-form. 
These  I  -A 

wave  (li  it 

m.i  .(- 

1 
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international   ohm    resistance    u  >^    m-c-.'.i 
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When  T.A,  had  been  read  it  was  disconnected  from 
T,  T.  and  put  in  the  secondarj'  circuit  to  ascertain  the 
pressure-drop.  This  was  the  drop  due  to  the  apparent 
magnetizing  current,  the  wave-form  of  which  was  not, 
as  stated  previously,  a  pure  sine  curve.  In  order  to 
lind  whctlicr  the  shape  of  the  wave  affected  the  R.M.S. 
voltage  materially,  the  oscillograph  was  disconnected  and 


small  account,  the  current  could   be  represented   by  the 
equation 

'ai'i  =  Ao  I  sin  0  —  0'O3  sin  3  (0  +  a)  | 

where  /„,„  =  apparent  magnetizing  current, 
and  9  =  2  TT //. 

The  maximum  alteration  in  the  form  factor  of  the  ap- 


Table  I. 
{Ring  No.  I,/ =50  Periods  per  Second.) 


Maximum  Flux 

Density  in  Iron 

Ratio  of  Vr.m.s.  when 

Ratio  of  Vmj,^  when 

Apparent 
Magnetizing 

Volts  on  Ter- 
minals of 
Secondary 

Form  Factor 

,             V„.M.S. 

Bmas. 

■'''  ~  Vo  M  « 

Current  is  a  Sine 

Wave  lo  Vr.m.s.  when 

Voltage  is  a  Sine 

Current  is  a  Sine 
Wave  to  Vniax  when 

Voltage  is  a  Sine 

Hm.ix. 

static  Field 

Alternating 

Wave,  for  same  Value 

Wave  for  same 

(Apparent) 

Field 

of  Bmas. 

Value  of  Bmax. 

Bs 

Ba 

=  /»,/'■" 

=  /a/l'4I4 

0 

0 

I-II 

0 

0 

I -41 

i-o 

1-0 

^1 

0-234 

1-26 

S.Soo 

6,100 

1-79 

I-I4 

1-27 

4-69 

0-403 

I -54 

7,900 

8,600 

2-35 

I '39 

1-66 

T^t 

0-532 

1-72 

9,400 

10,200 

2-97 

i-SS 

2-1 

8-38 

0-588 

1-78 

10,200 

10,900 

3-18 

1-6 

2'25 

12-6 

0-724 

1-94 

11,600 

12,300 

3-54 

17s 

2-5 

17-2 

0-823 

2 -02 

12,500 

13,400 

3-8S 

1-82 

2-72 

254 

0-948 

2-IS 

13.400 

14,500 

4-24 

1-94 

3-0 

329 

1-05 

2-28 

13,900 

15,100 

4-62 

2-05 

3'27 

42-1 

I-I42 

2-4 

14,400 

15,600 

4-9 

2-i6 

3-46 

Table  2. 
(Ring  No.  2,  /=So  Periods  per  Second.) 


Voltage  at  Ter- 

Maximum Flu.x 

Density  in  Iron 

Ratio  of  Vr.m.s.  when 

Ratio  of  Vmax.  when 

minals  of  Second- 

Bmax. 

Current  is  a  Sine 

Current  is  a  Sine 

Magnetizing 
Force 
Hmax. 

ary  for  same  Area 
of  Iron  and 

Form  Factor 
,    _  Vr.m.s. 
V  mean 

^        V„ax. 

Wave  to  Vr.m.s.  when 
Voltage  is  a  Sine 

Wave  to  Vmax.  when 

Voltage  is  a  Sine 

Secondary'  Turns 

Static  Field 

Alternating 

Wave,  for  same  Value 

Wave  for  same 

as  Rmg  I 

(Apparent) 

Field 

of  Binax.. 

Value  of  Bmax.. 

Vr.m.s. 

B. 

Ba 

=  /m,'ril 

=  /«/i-4i4 

0 

0 

I-II 

0 

0 

1-414 

I-O 

i-o 

2-27 

0-25 

1-29 

5,700 

6,400 

1-84 

i-i6 

1-3 

4-96 

0-474 

1-63 

8,800 

9,600 

2-67 

1-47 

1-89 

739 

o-6oi 

1-77 

10,400 

11,200 

2  92 

1-59 

2 -06 

13-6 

0-806 

1-99 

12,400 

13.300 

3-4 

1-77 

2-4 

18-3 

0-9 

2-1 

13,000 

14,100 

374 

1-89 

2-64 

29-4 

1-07 

2-31 

33,900 

15,200 

406 

2-o8 

2-87 

42 

1-215 

2-53 

14,500 

15,800 

4'49 

2-28 

3-17 

the  pressure-drop  measured  by  T.A,  when  a  sine  wave  of 
current  -.v-as  sent  through  the  circuit  equal  in  value  to  that 
passing  through  the  primary  at  the  time  the  oscillograms 
were  taken.=-=  The  difference  in  voltage  was  found  to  be 
between  2  and  3  per  cent,  being  larger  when  the  current 
was  sinusoidal. 

A  mathematical  investigation  into  the  shape  of  the 
apparent  magnetizing  current  wave,  when  the  oscillo- 
graph current  was  appreciable,  showed  that  since  the 
effects    of    harmonics    higher   than    the    third     were    of 

*  Tlie  value  of  this  current  was  found  by  calculation  from  the 
press-jre-drop  across  Sh. 


parent  magnetizing  current,  as  obtained  from  the  above 
equation,  is  +  i  per  cent. 

Results  of  Experiments. 

On  reference  to  Tables  i  and  2  and  Fig.  3,  it  will  be 
seen  that  when  the  magnetization  is  produced  by  a  steady 
current  the  flux  density  in  the  iron,  for  the  same  value  of 
H,  is  greater  when  the  core  consists  of  complete  discs  free 
from  mechanical  stress  due  to  bending,  than  when  the 
core  is  built  up  of  strips,  the  ends  of  which  butt  together. 
The  diminution  in  flux  density  is  to  be  attributed  chiefly 
to  the  small  air-gaps  at  the  extremities  of  the  strips   (see 
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M>.  J.— B-H  Curve*  for  Slitic  Fietd*. 

In  order  to  di  that  the  l)y%tcre!>is  loss  a<Tect» 

the  apparent  iii^f^..^, ^  current  at  low  induction^t  the 

following  experiment  was  carried  uut  :    A  &ine  wave  oi 
c.  :  cd    by   the    therm  '   i    T.A.)    was 

X  prunarv  of  each  ii:  This  wave 

c.  :  iwo  cmir.  ',  90-,  \u.  llit  Hue  inafjiicli/- 

ill..  :  and  thi    ^  irrcnt,  the  latter  balancing 
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AppffcnC   mdcnctiring-   force    H* 

KiG.  4.— B-H  Cur\'e8  for  Alternating  Fields. 
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Klu.  5. — Curves  showing  the  rclalioo  between  the  KM  S. 
Voltage  (Vlm.,  )  and  the  maximum  tlux  deiiMlv  (B.^  1 


the  hysteresis  loss,  which  is  paramount  since  the  eddy 
currents  at  low  inductions  in  such  thin  slieets  are  very 
uuall.    Owing  to  the   shape  of  the  voltage   wave   being 

isities,  the  form  factor 
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:  circuit. 

:i)uni  riux  density 
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te>ts. 

The  true  magnetiiing  force  is  smaller  than  any  of  the 
\-alues  given  in  the  table.  The  I'irsi  set  of  readings  sliows 
an  apparent   decrease   in  1?,..,    1.  1    ..'  /a- 

tion.     I' sing  the  figure  uf  loss  as  j;r.  y's 


From  Tables  1  and  2  it  is  seen  that  lhi~  > 

exhibited  by  both  cores  at  all  the  \\-^  J 

in  the  tests.    The  increase  in  Hux  den  -  .;- 

CUi; .                                         .,'■',  .V 

coi;-,  •> 

WOUlJ    iuvc                               i    11     .41Ki  1- 

spection  of  :  jiid  4  sh.  -p 
between  the  b-H  curx'es  for  static  neids  is  ver>-  miuUu  to 
that  for  alternating  6elds. 

In  Fig.  5  it  will  be  seen  that  in  both  ca>es  the   K.U.S. 

voltage  plotted  against  B.^  yicM         •  ••  -  ■•  ' —   ■■•  .<ve 

upwards.     These  curves  are   ai  ^ 

tlut  the  KM  ^  .uiical 

stress  due  t^.                       .  '  them. 
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which  were  obtained  from  Figs.  6  and  7,  are  given  below 
and  are  of  the  form  V  =c  B",  n  being  greater  than  unity.  If 
the  voltage  wave  had  been  a  sine  curve  the  K.M.S.  voltage 
would  have  been  proportional  to  B„,,x.  since  the  form  factor 
in  this  instance  is  constant  and  equal  to  I'n. 
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Fig.  7.— Log  (10  V„_i,.s.)  plotted  against  log  (B„„».). 


V  =  cB"    .     .     .     . 

From  Equation  (i)  V  =  4 /„,  B  afn  x  lO"'  ; 

.  •.  4/„  Bafn  X  lO" 


(3) 


:CB" 


.    •Jm=  ^ ^kB"   ',  wliere^=  . 

4a/«  4a/n 

Hence  throughout  the  range  covered  by  Equation  (3)  the 
form  factor  may  be  expressed  in  terms  of  the  maximum 
flux  density.  By  adopting  the  above  mode  of  procedure 
the  following  equations  were  derived  : 

/'"  =  559  X  10""^  B°«'  (Braa.-..  =  6,000  to  14,500)  .  Ring  No.  i. 
fm  =  5-1    X  10-3  B°"'3  (B.T,i.,  =6,000  to  14,000)  .  Ring  No.  2. 


When  B  is  less  than  6,000  the  index  gradually  decreases 
until  when  B  :=  o  it  is  equal  lo  zero,  while  the  constant 
gradually  increases  until  it  becomes  I'li,  the  form  factor 
for  a  sinusoidal  wave. 


60 


50 


Equations  to  Lin^s-     |         |         I 

l^iig'  i./a=  •-i-94./>„-2-n  . )B=7,5ooCoi5,6oo}      jlx 

-"    2./a=2-04'/m-0-66  {B  =  2,500  Co  I5,800}^;;5^  — 


Fig.  8.—/,  {  =  ^^'j  plotted  against  the  form  factor/,,, 

\        Vr.m.s./ 


It  is  evident  from  an  inspection  of  the  oscillograms  in 
Figs.  9  to  13  that  for  low  values  of  B  the  form  factor  is 
augmented  by  hysteresis,  and  for  high  values  of  B  by 
hysteresis  and  eddy  currents,  especially  the  latter.  The 
form  factor  for  the  same  value  of  B,„:,x,  is  very  similar  for 
rings  i  and  2.  For  large  values  of  B„,;,„.  the  form  factor  for 
ring  2  is  somewhat  larger  than  for  ring  i,  owing  in  all 


Ring  2.    /  = 


Fig.  g. 
Bmax.  =  2,000  ;  form  factor  ■■ 


5000 

Current  a  sine  wave. 


1-14. 


probability  to  increased  eddy-current  effect  brought  about 
by  the  difference  in  the  thickness  of  the  plates,  as  the 
plates  in  ring  2  are  9  per  cent  thicker  than  those  in  ring  i. 
Fig.  8  shows  fa{  =  V„is./Vr.m,s.)  plotted  against  the  form 
factor.  The  points  are  nearly  collinear  from  B  =  7,500 
to  B=  15,800  and  the  equations  to  the  respective  lines  are 
given.  By  substituting  the  values  for  /„,  in  the  equations 
immediately  preceding,  the  relationship  between  fa  and 
Bmax.  for  the  foreraentioned  range  may  be  derived. 

The  last  two  columns  in  Tables  i  and  2  are  worthy  of 
notice  since  they  indicate  the  increase  in  the  R.M.S.  and 
maximum  voltages  over  the  same  quantities  obtained  when 
the  magnetizing  current  produces  a  sine  wave  of  voltage. 
Curiously   enough   the   voltage  wave   under    the   type   of 

*  The  displacement  of  the  current  wave  (shown  dotted)  from  its 
correct  position  is  due  to  tlle  oscillograpll  and  energy  currents  being 
large  in  comparison  with  the  true  magnetizing  current.  Fig  9A  shows 
the  vector  diagram  for  this  case,  on  the  assumption  that  the  current 
and  voltage  waves  are  sinusoidal.  The  full-line  curve  (/)  shows  the 
probable  position  of  the  current  wave  provided  that  the  effect  of  the 
oscillograph  and  energy  currents  was  negligible,  i.e.  H  =  0. 
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»hows  that  when  the  voltage  is  in  the  ncifihbourhood  of  its 
maximum  x-alue  *  the  rate  of  change  of  the  current  {.  J\ 
is  small  compared  with  that  when  the  current  is  sinusoidal, 
and  vice-versa.     Thus  the  value  of    .  r.   being  almost  the 


Kia  II. 

Riin;  1      f  -  y   ■  V  .  It,«»i  =  13.300     II  m  ii..i.  t  -  1  <>4, 
Cuirciil  Ji  >it>c  waic. 


PlO.  13 

RinjJ  3.   /  =  50  r>_) ;  B«,t  =  14.100 ;  form  fattur  • 
Current  a  sine  wave. 


Fig.  10. 


Ring  I.    /^5oOJ;B.M. 
Currnii 


'8,600;  form  factor  -  r54. 


same  for  both  modes  of  iiiaguctizatiuu,  it  follows  a  prion 
.      J  li    di 
that  jn  ■  j0  (ocr)  is  larger   when  the  current  wave  is  a 

>ine  curve.  Hence  the  voltaic  wave  is  peaked  and  its 
K.M.S.  and  maximum  values  .iic  Lii^cr  than  the  correspond- 
ing quantities  when  the  volta(;e  u.tve  is  a  sine  curve. 

However,  it  is  peculiar  to  tind  tlut  the  \>alue  of  B^^.  is 
greater  for  a  sinusoidal  magnetizing  current  tliaii  for  the 
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Oscilloorams  showing  the  voltage  wave-forms  corre- 
sponding to  various  flux  densities  are  given  in  Figs.  9  to  13. 
At  low  flux  densities  the  maximum  voltage  is  shifted 
forwards  due  to  hysteresis,  the  curve  being  asj'mmetrical 
about  a  vertical  axis  through  the  maximum  value.  As  the 
llux  density  increases,  the  maximum  value  approaches 
nearer  to  the  centre  of  the  half  wave-length,  the  wave 
becoming  more  nearly  symmetrical  about  a  vertical  axis 
through  the  maximum  value.     In  all  cases  each  half  wave 


Fig.  14. 

Ring  I.    /=  50  no  ;  B„,:ix.  =  7,600  approximately. 
Current,  approximately  sinusoidal. 

has  two  points  of  inflexion  (apart  from  those  where  the 
voltage  is  zero),  one  on  each  side  of  the  maximum  value. 
These  occur,  (i)  when  the  voltage  is  small,  (2)  when  the 
voltage  is  large.  In  Fig.  13  the  points  in  question  are 
marked  a  and  (3. 

When  the  shape  of  the  current  wave  departed  from  a 
sine  curve  the  voltage  across  the  secondary  dropped  in 
value.     Figs.  14  to  17  show  the  voltage  and  current  waves 


obtained,  and  Table  4  gives  a  comparison  with  the  data 
derived  for  sinusoidal  magnetizing  current. 

Experiments  carried  out  at  frequencies  lower  •'-  than 
SO  periods  per  second  showed  that  for  sinusoidal  and 
approximately  sinusoidal  magnetization  the  secondary 
voltage  was  proportionately  greater  than  at  50  periods 
per  second.     Some  of  the  results  are  shown  in  Table  5. 

If  the  slight  increase  in  the  true  magnetizing  current  at 
lower  frequencies  (due  to  smaller  energy  current)  is  taken 


Fig.  15. 

Ring  I.    /=  50  rvJ  ;   B„i:is.  =  11,700  approximately. 
Current,  approximately  sinusoidal. 

into  account,  the  difference  between  the  value  at  50  periods- 
and  the  values  for  lower  frequencies  is  small  enough  to  be 
negligible. 

The  author  was  unable  to  ascertain  if  the  form  factor 
underwent  alteration  at  frequencies  lower  than  50  periods 
per  second.  It  is  very  improbable  that  the  form  factor 
would  alter  as  much  as  7  per  cent  (see  Table  5).  Thus 
due  to  the  proportionate  increase  in  the  R.M.S.  voltage,  the 


Table  4. 
/^  50  Periods  per  Second.     Ring  No.  1. 


Shape  of  Current 

Apparent  Value 
of  H.iias. 

R.M.S.  Voltage  on 
Secondary 

Form  Factor/,,,. 

Max.  Flux  Density  Bmax. 

Static  (Apparent) 

Alternating 

Sine 
As  in  Fig.  17 

42 
42 

1-142 
0-82 

2-4 

1-83 

14,400 
14,400 

15,600 
14,700 

Table  5. 
Ring  No.  I. 


Shape  of  Current  Wave 

Apparent  Value  of  Hma.-i. 

R.M.S.  Voltage  on 

Secondary 

Frequency 

Proportionate  Increase  in  Vr.m.s 
25  periods 

at 

Sine 
As  in  Fig.  17 

42 
42 
42 
42 

I'I42 

o-6ii 

0-S2 
0-432 

so 

25 

5° 

25 

\     7  per  cent 

1 

I     S'4  per  cent 

The  lowest  frequency  attained  was  5  periods  per  second. 
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electromagnetic  effect  of  eddy  currents,  the  value  of  B„,„s. 
has  been  reduced  27  per  cent. 

Mention  has  not  been  made  hitherto  of  the  energy 
components  90°  out  of  phase  with  the  true  magnetizing 
currents.  It  was  thought  unnecessary  to  introduce  the 
energy  components  into  the  foregoing  calculations,  because 
they  would  not  have  affected  the  results  materially. 
However,  it  may  be  remarked  that  the  energy  loss  in 
the  iron  was  measured  (at  500  periods  per  second  and 
H  apparent  ^  33'2)  and  reached  the  high  figure  of  250 
watts  per  kilogram.  Since  this  gave  a  calculated  tem- 
perature rise  of  i  degree  C.  per  second  (neglecting  radiation) 
the  iron  soon  became  very  warm,  and  it  was  impera- 
tive to  obtain  the  thermo-ammeter  reading  as  quickly  as 
possible. 

Conclusions. 

1.  That  the  bending  of  thin  plates  of  Loh)'S,  resulting  in 
the  production  of  a  large  permanent  set  does  not  affect  the 
magnetic  properties  to  any  appreciable  extent  when 
the  magnetization  is  produced  by  a  steady  current.  The 
permeability  is  lower  at  small  flux  densities,  this  being  due 
to  the  joints  in  the  strips  whereby  slight  air-gaps  are  intro- 
duced.='=  The  permeability  is  affected  in  the  same  way  and 
due  to  the  same  cause  when  the  magnetization  is  produced 
by  an  alternating  current  of  sinusoidal  wave-form.  In 
this  case  there  is  an  increase  in  the  hysteresis  loss  due 
to  mechanical  stress. :[" 

2.  That  when  the  magnetization  is  produced  by  an  alter- 
nating current  of  sinusoidal  wave-form,  it  was  found  : — 

(a)  That  the  permeability  is  greater  than  the  perme- 
ability obtained  with  static  fields.  This  phenomenon  was 
observed  in  the  foregoing  experiments  from  B„„s.  =  700  to 
Bmas.  =  16,000  lines  per  square  centimetre. 

(6)  That  for  all  values  of  tlie  flux  density  in  the  iron  up 
to  16,000  lines  per  square  centimetre  the  form  factor  and 
the  ratio  of  the  maximum  and  R.M.S.  voltages  are  greater 
than  the  corresponding  quantities  when  the  voltage  wave- 
form is  sinusoidal,  by  an  amount  depending  on  and  in- 
creasing with  the  maximum  flux  density.  The  following 
laws  were  obtained  : — 

Ring  I.    /„,=s-S9  X  lo-s  B„°.S     (B„,„.  =  6,000  to  14,500.) 
Ring  2.    /,„=5-ixio-3B,°S.      (Bmax.=  6,000  to  14,000.) 

•  Messrs.  Campbell  and  Booth  have  shown  that  tile  permeability  of 
iron  strips  is  diminished  by  bending  which  produces  permanent  set. 
The  effect  is  most  pronounced  witli  a  hard  material  such  as  silicon 
iron.  With  soft  transformer  iron  the  effect  is  much  less  pronounced. 
The  results  given  are  for  cases  in  which  the  diminution  in  permeability 
is  most  marked.  In  all  the  above  instances  'he  ends  of  the  strips  over- 
lapped and  were  firmly  clamped  together,  thereby  practically  ensuring 
continuity  of  the  ring.  (A.  C.1MPBELL  and  H.  C.  BOOTH.  On  errors 
in  magnetic  testing  due  to  elastic  strain.  Proceedings  of  the  Physical 
Society  of  Loudon,  vol.  25,  p.  192,  1912-13.) 

In  the  present  instance  it  is  impossible  to  state  with  accuracy  (owing 
to  the  presence  of  the  joints)  the  extent  to  which  the  bending  of  the 
strips  influences  the  permeability.  Conclusion  (i)  has  been  based  on  : 
i»  Comparison  with  the  results  obtained  with  complete  discs  of  Lohys  ; 
(f>)  the  assumption  that  the  material  was  the  same  quality  in  both 
rings  ;  (c)  the  fact  that  Lohjs  is  a  soft  iron  ;  [d)  Ewing's  tests  on  out 
bars  and  on  the  effects  of  tension  and  compression. 

f  The  increase  in  the  total  loss  per  kilogram  is  about  3  percent  when 
/=  50  periods  and  Emax.  =  15.500-  The  losses  are  not  strictly  compar- 
able owing  to  the  plates  in  ring  2  being  g  percent  thicker  than  those  in 
ring  I.  If  the  plates  had  been  the  same  thickness  in  each  case  the 
eddy-current  loss  in  ring  2  would- have  been  reduced  by  18  per  cent, 
and  the  increase  in  the  total  losses  would  have  exceeded  3  per  cent. 
Assuming  that  the  eddy-current  loss  in  ring  i  is  not  appreciably  affected 
by  bending,  the  increase  in  the  total  losses  is  chiefly  due  to  an  increase 
in  hysteresis  caused  by  mechanical  stress. 


Ring  I.    /,  =  2-94/„,  —  2TI.    (B,„a..  7,500  to  15,600.) 
Ring  2.    /„  =  2'04  /„,  —  0-66.    (B,„„.  7,500  to  15,800.) 

(c)  That  tlie  R.M.S.  and  maximum  values  of  the  voltage 
are  larger  than  tho.se  obtained  when  the  voltage  wave  is 
sinusoidal  by  an  amount  depending  on  and  increasing  with 
the  maximum  flux  density.  The  following  laws  were 
obtained  : — 

Ring  I.    V„.M.s.=  i7Xio-'B„','a'.     (B=6,ooo  to  14,500.) 
Ring  2.     V„.„.s.=i'55X  io~' B„;2    (B=6,ooo  to  14,000.) 

((/)  That  for  frequencies  up  to  500  periods  per  second 
the  R.M.S.  voltage  is  higher  than  that  wlien  the  voltage 
wave  is  sinusoidal,  but  the  lowering  of  tlie  maximum  flux 
densit}'  due  to  eddy  currents  is  very  prominent. 

3.  That  when  the  magnctiz.ition  is  produced  by  a  current 
the  wave-form  of  wliich  is  appro.ximatel)'  sinusoidal  (such  as 
is  shown  in  Fig.  17),  conclusion  2,  {a,  b,  and  c)  is  applicable.* 
The  difference  between  these  results  and  those  obtained 
when  the  voltage  wave  is  sinusoidal  is  not  so  marked  as 
the  difference  between  the  latter  results  and  those  obtained 
when  the  cuireni  is  sinusoidal. 

4.  That  whether  tlie  current  be  sinusoidal  or  approxi- 
mately sinusoidal  (Fig.  17)  the  R.M.S.  voltage  across  the 
secondary  coil  is  proportionately  higher  at  25  periods 
per  second  than  at  50  periods  per  second  for  a  given 
magnetizing  current.  (This  was  tested  down  to  a  fre- 
quency of  5  periods  per  second  with  the  same  result.) 

Finally,  the  author  wishes  to  expresp  his  sincere  thanks 
to  Professor  E.  W.  Marchant,  D.Sc,  for  the  valuable  help 
and  criticism  which  he  has  given  during  the  preparation  of 
the  paper,  also  for  the  use  of  the  apparatus  in  the  Electrical 
Engineering  Laboratories  of  the  Liverpool  University 
where  the  experiments  were  conducted. 


APPENDIX. 

If  there  had  been  no  permanent  set  due  to  the  bending 
of  the  strips  in  Ring  i,  the  maximum  stress,  which  occurs 
at  the  skin  of  the  strip,  would  have  been  within  the  elastic 
limit.  In  this  case  the  formula  /=  Ej)'/R,  where  /  = 
intensity  of  stress  at  the  skin  of  the  strip  whether  tensile  or 
compressive,  E^  Young's  modulus  of  elasticity,  j)'  =  half 
thickness  of  strip,  and  R  =  radius  of  curvature  to  which 
centre  of  strip  is  bent,  would  have  been  applicable. 

Presuming  for  the  present  that  there  was  no  permanent 
set,  the  strip  remaining  perfectly  elastic  during  the 
bending,  the  skin  stress  in  the  innermost  strip  would  be 

,      30  X  lo""  X  o'oi65  o         It,  •     u 

f  =  i ^  =  108,000  lb.  per  square  inch. 

^  4-55 

The  stress  diagram  for  the  section  would  be  of  the  form 
illustrated  in  Fig.  18. 

As  the  ultimate  strength  of  Lohys  is  only  40,000  lb.  per 
square  inch,  it  is  quite  clear  that  the  actual  case  is  not 
akin  to  that  cited  above,  and  moreover  the  skin  stress 
could  not  possibly  be  in  excess  of  40,000  lb.  per  square 
inch.     Consequently  the   real   stress   diagram   is   not   the 

*  Laws  were  not  determined  in  this  case  owing  to  the  difficulty 
of  ensuring  that  the  shape  of  the  current  wave  was  similar  for  all 
values  thereof. 
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neutnU  surface  will  be  at  the  ceotre  of  tlie  section  and  the 
stress  diagram  will  be  the  same  oa  both  sides  of  it.- 

From  consideration  of  a  stress-strain  diagram  for  niilu 
steel  in  the  ductile  stage,  it  is  clear  that  the  dia)<ram 
show  n  of  stress  acro>s  the  section  wuuld 

be  ..  iti'i'  tn  Fig.  19.     The  stress  Is  almost 

cqu^ti  ai  .til  (Hjiiiis  ac:  ^'tion  except  in  tlie  neigh- 

bourhood   of    the   nei..  :.icc.      Thus    the    strip    is 

practically  equivalent  to  two  straight  parallel  bars,  one  in 

•  See  A.  UoKLKy.  ••StrcQgUi  o<  Uatcriali,'  p.  144. 
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smaller  for  weak  fields  than  those  for  the  uncut  bar.  while 
those  for  strong  fields  do  not  differ  materially.    This  has 
proved   to  be  the  case  in  the  present   instance,   and  the 
foregoing  argunieiit 
•  Sec  J  .\  twix'u.  ■  ■■ 
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INCREMENTAL   ARMATURE    COPPER    LOSSES    AT    NO-LOAD    AND 
ARMATURE    TEETH    EDDY-CURRENT    LOSSES. 


By  A.  Press,  B.Sc. 

(P.i/(T  /irs/  received  15  Jaiinaiy,  1914,  and  in  final  form  21  April,  1915.) 


When  any  solid  conductor  passes  through  a  variable 
■magnetic  field  the  various  lateral  portions  of  the  conductor 
have  slightly  different  voltages  induced  in  them,  thereby 
giving  rise  to  eddy-current  losses.  A  result  of  this  will  be 
that  the  observed  no-load  input  to  overcome  the  losses  in 
a  locked  unv\;ound  rotor  of  an  induction  motor  will  be 
manifestly  different  from  the  observed  losses  with  the 
same  locked  rotor  having  a  solid  open-circuited  bar 
winding. 

In  the  case  of  a  dynamo,  in  addition  to  !in  eddy-current 
loss  set  up  by  the  self-induction  lield  *  at  right  angles  to 
the  main  lield,  there  is  an  eddy-current  loss  set  up  by  the 
main  field  itself ;  the  latter  loss  is  independent  of  any  load 
and  is  only  dependent  upon  the  main-field  density  in  the 
slots  and  the  speed  of  rotation. 


Fig.  I. 

The  object  of  this  paper  is  to  give  formulse  and  curves 
for  estimating  this  incremental  copper  loss  so  that  such 
data  may  be  available  for  the  designers  in  dealing  with 
very  small  and  also  very  large  armatures. 

As  a  first  approximation  it  will  be  assumed  that  the  flux 
enters  the  slots  perpendicularly.  However,  since  the  same- 
method  is  reall}'  applicable  to  the  determination  of  the 
eddy-current  losses  induced  in  the  teeth  themselves 
(assuming  constant  permeability),  the  one  solution  can  be 
made  available  for  both  cases. 

The  laminations  are  considered  as  extending  in  the 
direction  of  the  (x,  y)  plane  with  the  flux  passing  into 
the  laminations  (or  the  slot  copper)  in  the  direction  y,  at 
right  angles  to  the  {x,  z)  plane.  Assuming  a  sine-wave 
distribuiion  of  magnetic  flux  from  the  poles  into  the 
armature,  the  density  B  in  gausses  with  respect  to  any 
point  in  the  armature  teeth  (or  slot  conductor)  can  be  said 
to  be  given  by  the  expression 

B  =  Bo  sin  (/.  / -I- TT  .v/n:) (i) 

•  This  loss  was  first  investigated  by  A.  B.  Field  [A.  B.  FIELD. 
Eddy  currents  in  targe  slot-wound  conductors.  Transactions  of  the 
American  Instiiute  of  Electrical  Engineers,  vol.  24,  p.  761,  IQ05.]  Also 
W.  ROGOWSKI.  Ober  zusatliche  Kupferverluste  .  .  .  einer  Wech- 
selstromraaschine.     Archiv/ilr  Elektrolechnik,  vol.  2,  p.  81,  1913-14. 


where  Jj;  is  the  pole-pitch  in  centimetres  and  Bo  is  the 
maximum  magnetic  density  in  the  teeth  air-gap  (or  in  the 
air-gap  of  the  slots).  Thus  two  pole-pitches  constitute  a 
cycle.  Obviously  the  flux  density  at  any  point  of  the 
teeth  or  slots  is  a  function  of  the  time  as  well  as  of  the 
position  of  such  point  with  respect  to  the  origin,  as  indi- 
cated in  Fig.  2.  The  field  is  assumed  to  be  a  moving  one 
and  the  armature  to  be  stationary. 


Fig.  2. 

If  S.,  iV  are  the  eddy-current  densities  in  amperes  per 
square  centimetre  in  the  corresponding  directions  z  and  .v 
of  the  teeth  laminations  (or  slot  copper),  we  have  by  the 
usual  equations  of  Heaviside  or  Hertz 


10     " 


rfH^ 
dx 


I    dB 
ju     dx 


457 dUy I,  rfB 

10    '  dz        fi    dz 


dB  _  lo^ 
d  t        p 


d  Sx 
■  dz 


_dS^ 
dx 


The  latter  equations  are  in  the  usual  engineering  metric 
units.     It  follows  from  the  above  that 


4  7r;n    rfB_tf°B       d'B 
-iC p'  di~  dx'        dz' 


(2) 


.     .  ,  ,  4  TT  JU        rf 

However,  employing  the  Heaviside  operator  5'=  j^— ^  .-^^ 
the  equation  becomes 

dx'  ^  df       ^ 

Since  B  is  a  sine  function  of  the  time,  by  Equation  (i) 
we  have 

d'B  ,  d'B       ,.,„        ,  , 
d  x'       d  z' 


^=^-'=lj-f     ^"^ 


where  k  stands  for  4  7r/i/io'p. 
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If  lh«n  wc  adopt  a  Kourier  tcrir*  to  tAtitfy  Ihetic  coitdi- 
tion*  the  tolulion  o(  K<)(Mliun»  (j)  Kivc»  ihc  foilowini;:— 
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The  eddy-current  losses  sought  could  now  be  obtained 
indirectly   by   means  of  the   iiitegml  I  fdxdzdl.    We 

can,  how  -c  use  of  .1                     '                                 <\ 

that  wili  V    very  con                                                      i. 
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If   now    wc   operate    with    '■*»j,   EquaJioo  (41  aflct 
reduction  can  be  put  into  the  form 
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The  expression  Fm  is  the  resulUnt  flux  passing  into  the 
rectangle  3  r  x  2  s  at  any  in»tant  of  time.     To  get  the  flux 
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ing  current  in  phase  will  then  be  the  measure  of  the  edd)'- 
current  losses  in  the  volume  4  r5  cubic  centimetres  of  the 
material  of  the  laminations. 

This  really  follows  from  the  consideration  that  the  eddy 
currents  set  up  a  cross  llux  which,  because  of  the  main 
flux  threading  the  rectangle,  causes  by  Len/.'s  law  an 
attraction  between  the  two  magnetic  fluxes  which  is  ex- 
pressed by  a  mechanical  torque.  Obviously  the  same 
mechanical  torque  will  be  set  up  by  the  replaced  equiva- 
lent peripheral  circuit  along  the  edges  of  the  rectangle 
2  r  X  2S  provided  that  the  cross  flux  set  up  at  right  angles 
to  the  main  flux  is  the  same.  In  both  cases  the  mechanical 
activitv  to  overcome  the  eddj'-current  losses  is  dissipated 
into  the  same  quantity  of  Joulean  waste. 


Fig. 


To  simulate  entirely  the  flux  reactions,  a  resistance  and 
reactance  can  be  assumed  intercalated  into  the  peripheral 
circuit.  A  vector  diagram  (Fig.  3)  will  serve  to  clarify  the 
ideas  expressed. 

Let  F„  =  open-circuit  peripheral  flux,  setting  up 
Eo  =  open-circuit  voltage  at  right  angles  to  Fo, 
Fr  =  actual  resultant  flux  passing  through  the  closed 

peripheral  circuit,  setting  up 
Eh  =  actual   resultant  voltage  in  peripheral  circuit; 
setting  up 
J  =  actual  current  in  peripheral  circuit,  with  proper 
amount   of   resistance   and  reactance   inter- 
calated   into    the    circuit,   to    produce    the 
mechanically-equivalent  flux  reactions, 
E,  ^  actual  component  of  voltage  Er  in  phase  with 

the  current  J  of  the  peripheral  circuit, 
Fj  =  component   of   flux  set    up  by,  and  m  phase 
with  the  current  J,  combining  with  the  open- 
circuit  flux  Fo,  to  give  the  actual  resultant 
threading  flux  Fr. 

The  eddy-current  loss  in  watts  per  ^rs  cubic  centi- 
metres, using  eft'ective  or  R.M.S.  values,  is  evidently  given 
by  J  E;,  but  this  can  be  replaced  by  the  relation  JcEo, 
because 


Hence 


E,/Eo  =  cos9i=yj. 
4  r  s  \V  =  ],  Eo. 


Here  W  is  the  watts  per  cubic  centimetre  of  the  lamina- 
tions, J,,  is  the  effective  current  necessary  to  set  up  the 
amplitude  of  flux  F,.,  and  Eo  is  the  el'fcctivc  voltage  set  up 
in  the  peripheral  circuit  with  an  open-circuit  flux  amplitude 

4  .■;  {T   .    wr 
Bo sm  _- 

of  Equation  (5). 

Obviously  to  set  up  the  flux  F^  to  thread  the  peripheral 
circuit  to  a  depth  of  i  centimetre 
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which  gives 


h  = 


F.. 


or  by  substitution  for  the  component  F^ 
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4Jr/i  ^2 
The  effective  volts  on  the  other  hand,  Eo,  are  given  by 
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Fig.  4. 


Fig.  5. 


Hence  the  eddy-current  loss  per  cubic  centimetre  of  the 
laminations  is  given  by 


W: 


4ir/i       r  tt 


This  formula  is  the  solution  desired  for  the  losses  in  the 
teeth,  and  applies  as  well  to  wide  slot-wound  armature 
conductors. 

The  formula  simplifies  greatly  when  it  is  observed  from 
Fig.  2  that  for  the  case  of  the  slot  copper,  2  r  in  the 
formula  is  to  be  taken  as  the  width  of  any  individual  con- 
ductor in  the  slot,  and  2  s  as  practically  approaching 
infinity  in  value.     In  this  case 

'T  /i6u/> 

2  V2     V   10'  p  w 

a,n  =  6,,  =:  CO  ;     "G^,,,  =  o  =  XTm' 

!    and  the  term  iR^TTm' disappears  since  it  approaches  zero. 
I    Moreover,   because   a„  =  b,„   it  follows  that  we  have  the 
following  reduction  : — 
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It  can  be  shown  for  all  practical  purposes  of  design  that  if 
3<].  =  oi4  X  jr  X  ,Jf>^  ^  a 
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Then  with  an  error  of  less  than  2  per  cent  we  have 
\V=  (  **'  V  ^      _!-"•' 

\IOOO/      240    I  +  (2il.t'/J4 


(8) 


Applicatioxs. 


(•ivra 


\V  B  o  J»  X  {,<. 


ij. 


■n»ii»  i<  tr^rfriKf  t»  ms<f«-  to  •  noftiuJ  (all-load  corrrol 

aqaare  t.ciilitnc<(e  lit*  total 


VK, 


■B  171    W    tVi 


would  l>c  Kk  V     '   ■*»  171   tuner 
current  loss. 
•-14 


II 


£    >4>lt^ 


/ 

1-... 


Examflc  ». — .\>^umi-  >n  Fig.  5 
Air-gap  dciiMt\  R.  =  1.; 


-X.  =6^.. 


Thci 


H  =ij.ooox      "  =  i,20<-i.      ami      ;  '  ^o  ;  ccnlinictrc. 


Fr 


■ut  \V=ooj6for  B.^i.ooo. 
:  will  be 


\V  =0-026  X  ( I 'J  ^  =  0-0.174. 
If  then  with  a  normal  full 


ExamfU   1. — Assuming  the  slot  and  conductor  dimen- 
sions as  illustrated  in  Fig.  4  with  fNj  =  40,  2  r  =  2  cenli- 
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SOME    NOTES    ON    THE    COOLING    OF    CONDENSING    WATER. 

By  C.  S.  Jkffrky,  Associate  Member. 
{Pilfer  n-nii  before  the  Calcutta  Local  Section  25  February,  1915.) 


ABSTRACT. 


Very  little  information  has  been  published  regarding  the 
artificial  cooling  of  condensing  water  and  the  subject 
appears  not  to  have  received  much  scientific  attention. 
The  problems  connected  therewith  have  only  become  of 
importance  in  recent  years  and  date  from  the  advent  of 
the  steam  turbine,  in  which  high  vacuum,  with  a  corrc- 


FiG.  I. — Atmospheric  Temperature — Humidity  Curve, 
Rangoon,  12  April,  1914. 


•spondingly  low  temperature  of  the  condenser  discharge 
water,  is  essential  to  efficiency.  In  hot  and  humid 
countries  the  difficulties  are  much  greater  than  in  tem- 
perate climes,  and  practical  experience  gained  in  the 
latter  is  of  comparatively  little  value  in  tackling  the 
problems  of  the  tropics.  The  author  has  endeavoured 
in  this  paper  to  show  the  effect  of  climatic  conditions  on 


the  rate  of  water  cooling,  and  to  suggest  a  method  for  the 
further  investigation  of  the  subject. 

The  investigations  described  were  made  in  Rangoon 
under  the  meteorological  conditions  given  in  Table  i  and 
Figs.  I  and  2. 


10    Kid- 

Fig.  2. — Atmospheric  Temperature — Humidity  Curve, 
Rangoon,  18  August,  1914. 

Total  rainfall  in  24  hours — 2-98  inches. 


The  readings  given  in  Table  i  were  taken  during 
1913-14.  The  shade  temperature  and  wind  velocity 
were  taken  from  the  published  records  of  the  Rangoon 
Port  Commissioners.  The  other  observations  (with  the 
exception  of  solar  radiation,  which  is  estimated  from  the 
only  available  Indian  records,  those  made  in  Simla)  were 


Table  i. 


Shade  Temperature.     "  F. 

Approx.  Mean 
Solar  Radiation 

Relative  Humidity, 
per  cent 

Mean  Weight 
of  Water  in 

Earth 

Temperature. 

°F. 

Mean 
Wind 

B.Th.U.  per 
sq.  ft.  per  hour 

suspension  m 

100  lb.  of  Air. 

lb. 

Max. 

Mm. 

Mean 

Max. 

Min. 

Mean 

Max. 

Min. 

per  min. 

Januarv   

799 

657 

70-4 

40 

88 

44 

80 

1-28 

82 

77 

February            

84"3 

66-6 

72-5 

50 

83 

42^ 

75 

1-27 

83 

8e 

427 

March     ...         

87-3 

71-4 

767 

60 

85 

46 

65 

I-I7 

86 

84 

663 

April        

go-8 

74'4 

81-3 

70 

89 

44 

6S 

1-56 

91 

88 

855 

May         

897 

77-0 

8o-o 

60 

84 

65 

1-63 

89 

86 

652 

June         

847 

75 '4 

78-5 

10 

92 

86 

88 

176 

84 

82 

750 

July          

«4-2 

753 

7«-^ 

10 

95 

8=; 

8q 

178 

83 

8i-^ 

905 

August 

82-0 

75 '3 

776 

10 

95 

80 

88 

174 

81 

79 

767 

September         

82-0 

74-2 

76-9 

20 

90 

76 

&^ 

170 

83 

81 

545 

October 

■8r8 

78-2 

79'4 

30 

85 

75 

80 

176 

83 

81 

355 

November          

817 

717 

75' I 

20 

90 

44 

82 

1-48 

82 

80 

387 

December          

817 

681 

72-6 

30 

95 

46 

80 

1-46 

82 

80 

394 
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that  can  be  earned  otf  by  a  given  quantity  of  air  i!>  pro- 
portional to  the  tciiiperaluie.    The  cur\'e  »hown  in  F-.'    - 
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The  number  of  heat  units  carried  off  by  each  too  lb. 
of  air  in  any  cooling   tower  is  given   by  the  expression 
Vou  53. 


The  tlicorctical  quantities  of  air  required  with  var^injj 
emperature   of  inlet  water   for   Ihe  dissipation  of    ix»o 
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the   licat  required  to  raise  the  temperature  of  the  air  is 
neglected. 

It  should  he  noted  that  hypotheticallv  the  final  tempera- 
ture of  the  water  relative  to  the  atmospheric  Icmperalurc 
does  not  affect  the  quantitv  of  air  required  for  the  dissi- 
pation of  any  given  number  of  heat  units  ;  whereas  in 
practice  it  does,  because  in  cooling  to  a  very  low  tempera- 
ture it  is  not  possible  to  make  the  air  leave  the  tower 
saturated  and  at  the  temperature  of  the  inlet  water  without 
increasing  the  height  and  area  disproportionately.  By 
increasing  the  size  of  the  tower  the  water  can  be  cooled 
'  down  to  the  temperature  of  the  wet-bulb  thermometer,  but 
the  capital  and  running  costs  would  be  prohibitive  with 
such  an  arrangement.  The  aim  of  the  designer  of  a  cooling 
tower  is  to  secure  the  maximum  cooling  effect  by  bringing 
the  air  and  water  into  intimate  contact,  or  in  other  words 
to  present  the  greatest  possible  water  surface  to  the  air. 

The  height  at  which  the  water  is  delivered  to  a  closed- 
type  cooling  tower  should  be  sufficient  to  ensure  that  the 
air  leaves  the  outlet  at  the  temperature  of  the  inlet  water 
and  as  nearly  as  possible  at  lOo  per  cent  relative  humidity. 
Beyond  this  there  is  no  advantage  in  increasing  the 
height. 

Cooling  Ponds. 

Cooling  ponds  have  not  received  much  attention  from 
engineers,  the  reason  probably  being  that  most  electricity 
supply  stations  are  situated  near  the  centre  of  the  area  of 
supply  w-here  the  cost  of  ground  is  prohibitive  or  where 
the  surrounding  buildings  effectually  interrupt  the  free 
circulation  of  air  which  is  necessary  if  any  degree  of 
efficiency  is  to  be  attained. 

CooHng  ponds  and  natural-draught  open-type  cooling 
towers  are  essentially  the  same  as  regards  the  principle  on 
which  they  operate,  and  they  both  have  the  same  disad- 
-vantage  that  no  control  of  the  cooling  effect  is  possible,  as 
4t  is  entirely  dependent  on  climatic  conditions.  In  these 
types  of  apparatus  as  large  a  water  surface  as  possible 
is  exposed  to  the  atmosphere.  It  is  possible  with  a  tower 
to  present  an  area  of  water  surface  to  the  wind  which 
would  be  quite  impracticable  in  a  pond,  but  that  can  only 
be  done  with  a  considerable  expenditure  of  power.  In 
what  foUovi's,  the  results  obtained  per  square  foot  of  pond 
area  may  be  applied  to  open-type  coolers  per  square  foot 
•of  e.xposed  water  surface. 

The  choice  between  a  natural-draught  open-type  tower 
and  a  cooling  pond  will  depend  upon  the  relative  cost.  If 
the  interest  on  the  capital  cost  of  the  cooling  tower  plus 
the  cost  of  the  extra  pumping,  depreciation,  and  mainten- 
ance, exceeds  the  interest  on  the  capital  cost  of  a  cooling 
pond  plus  the  cost  of  maintenance,  then  the  cooling  pond 
should  be  selected.  In  other  words  the  principal  charge 
in  running  a  cooling  apparatus  is  usually  the  cost  of 
pumping.  The  efficiency  of  a  natural-draught  open-type 
tower,  taking  into  consideration  only  the  number  of  heat 
units  dissipated  per  unit  of  power  used  for  pumping, 
decreases  with  increase  of  height.  If  the  height  is  de- 
creased in  order  to  reduce  the  pumping  costs,  the  area 
of  the  tower  for  similar  performance  must  be  greatly 
increased.  The  height  of  the  tower  for  any  given  condi- 
tions must  be  determined  from  the  pumping  costs,  cost  of 
land,  and  capital  and  maintenance  co.sts  of  the  tower. 
There  must  be  a  height  at  which  the  total  of  these  costs 


is  a  minimum.  The  limiting  value  is  when  a  cooling  pond 
is  used  ;  that  is,  when  the  pumping  costs  are  zero  and  the 
total  cost  of  cooling  is  the  interest  on  capital  plus  the 
maintenance  costs  of  the  pond. 

The  factors  which  inlluencc  the  rate  of  heat  dissipation 
from  a  cooling  pond  are  as  follows  ; — Initial  temperature 
of  the  water  entering  the  pond,  atmosplieric  temperature, 
relative  humidity,  wind  velocity,  solar  radiation,  earth 
temperature,  and  atmospheric  pressure.  It  is  unnecessary 
to  take  into  account  the  last  two  of  these  because  their 
effects  are  unimportant. 

With  so  many  variables  the  author  found  it  impossible 
from  observations  of  a  cooling  tank  under  working  condi- 
tions to  arrive  at  any  rule  for  determining  the  rate  of  heat 
dissipation  ;  a  small  experimental  apparatus  was  therefore 
constructed.     This  consisted  of  a  tank  i  ft.  x  i  ft.  x  6  in. 
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constructed  of  i  in.  teak,  at  a  convenient  distance  from 
which  was  placed  a  variable-speed  electric  fan  for  the 
purpose  of  creating  a  current  of  air.  The  maximum  wind 
velocity  produced  by  this  fan  was  750  feet  per  minute 
measured  with  a  Hiram's  anemometer. 

A  number  of  tests  were  made  in  order  to  determine  the 
rate  of  cooling  under  different  conditions,  each  test  lasting 
about  four  hours.  Periodic  observations  were  made  of  the 
temperature  of  the  water  in  the  tank,  the  wet  and  dry-bulb 
thermometers,  and  the  wind  velocity. 

The  results  obtained  from  these  tests  are  shown  in 
Figs.  5  and  6.  With  constant  wind  velocity  and  within 
the  range  of  atmospheric  temperature  (75°  F.  to  95°  F.) 
under  which  the  tests  were  made,  the  rate  of  heat  dissipa- 
tion for  any  given  water  temperature  was  found  to  be 
approximately  inversely   proportional   to  the  quantity  of 
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The  effect  of  wind  velocity  is  shown  in  Fig.  6.  The 
prolublc  reason  why  the  rale  of  heat  di^>ip.ttion  is  not 
direcllv  pri)|H)rtiiinal   to  wind  Vi-kjcity   is   because    of  the 

■  by  the  ripples  un  the  water. 
.  •.•(  heat  dis>ipation  under  any 
«...::.  iiiol  temperature  and  humidity  can  be  detci  mined, 
a^^u;:,IIl^  that  the  theory  holds  good  that  the  rale  of  lieat 
dissiftatioD  is  inversely  proportional  to  the  weight  of  water 
in  suspension. 

The    curves    were    obtained    when     the    atmospheric 
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rutc  of  heat  dissipatiuii 
^  given  as  the  ordinate.  The 
IS  the  rate  of  heat  dissipation 
under  the  conditions  given,  multiplied  by  i°44.  By 
dividing  the  reading  on  this  scale  corresponding  to  any 
value  of  wjter  temperature  and  wind  velocity  by  the 
o(  «-ater  in  sus|K-nsioii  in  lb.,  the  rate  of  heat 
:i  can  be  obtained  for  any  conditiciis  within 
tiic  laiigc  of  the  diagram. 
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Under  the  worst  conditions,  i.e.  at  78  B.Th.U.  per  square 
foot,  6- J  acres  are  required  to  disMpale  2i,ooi>,cx>o  B.Th.U. 
per  hour.  Under  the  best  conditions,  i.(.  at  ^ftj  B  Th  U. 
per  square  fool,  i  1  acres  are  required  to 
22,000,000  B.Th.U.  per  hour.  Under  average  Ci 
I.e.  at  274  B.Th.U.  |>er  square  foot,  1-9  acres  are  required 
to  dissipate  22,000,000  B.Th.U.  per  hour. 

Nalural-draught  open-type   tou-ers   and   cooling  poods 

are  open  to  the  same  objection,  namely,  that  no  control  of 

J  effect  is  possible.     With  this  type  i.»f  apjxaratus 
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A  well-designed  cooling  pond  must  be  divided  up  into  a 
series  of  compartments  through  which  the  water  will  flow 
with  a  gradual  and  steady  reduction  of  temperature.  The 
compartments  may  increase  in  surface  area  as  the  tem- 
perature becomes  lower.  A  method  that  might  be  used 
is  to  arrange  the  compartments  so  that  the  same  quantity 
of  heat  is  dissipated  from  each,  per  unit  of  time.  The 
level  of  the  water  in  the  cooling  pond  should  be  kept 
constant  so  that  the  dividing  pieces  come  just  to  the 
surface  but  do  not  project  and  so  interfere  with  tiie  air 
circulation. 

When  it  is  necessary  to  combine  a  cooling  with  a  storage 
tank  it  need  be  of  large  capacity  only  at  the  cold  end.  The 
depth  of  water  does  not  affect  the  rate  of  heat  dissipation, 
therefore  there  is  no  advantage  in  having  a  large  quantity 
of  water  in  the  hotter  sections.  The  tank  might  be 
constructed  so  that  the  depth  increases  from,  say,  one 
foot  at  the  hot  end  to  lo  feet  at  the  cold  end. 

The  most  important  factor  in  any  cooling  apparatus  is 
the  temperature  at  which  the  discharge  water  is  allowed 
to  leave  the  condenser.  To  dissipate  i,ooo  B.Th.U.  in  a 
closed  cooling  tower  with  the  water  at  ioo°  F.  double  the 
quantity  of  air  must  be  provided  that  is  required  with  the 
water  at  120°  F.,  which  means  a  tower  of  double  the  area. 
In  a  cooling  pond  also  the  rate  of  heat  dissipation  at  100°  F. 
is  less  than  half  that  at  120°  F. 


mean  sliade  temperature  is  75°  F.  and  the  mean  relative 
humidity  70  per  cent.  The  steam  temperature  corre- 
sponding to  2/1  inches  vacuum  is  107°  F.  This  tem- 
perature is  therefore  tlie  highest  that  can  possibly  be 
attained  in  the  discharge  water,  but  in  practice  it  will 
probably  not  exceed  103°  F.  Under  the  conditions  of 
atmospheric  temperature  and  humidity  given  it  is  not 
practicable  to  cool  tlie  water  below  85°  F.  The  available 
temperature  difference  therefore  between  the  injection- 
w.iter  inlet  and  outlet  is  18  degrees  F.  If  the  vacuum 
efficiency  falls,  the  available  temperature  difference 
becomes  less,  necessitating  a  larger  quantity  of  circulating 
water  for  the  condenser  and  greatly  reducing  the  capacity 
of  the  tower  to  dissipate  the  heat.  If  the  temperature 
difference  is  much  less  than  18  degress  F.  the  cost  of 
running  the  auxiliary  plant  to  circulate  and  cool  the  water 
would  more  than  balance  the  saving  due  to  higher  vacuum 
at  the  turbine.  The  capital  cost  also  of  the  cooling  tower 
would  be  prohibitive.  Under  any  circumstances  therefore 
the  suppl}'  of  injection  water  to  the  condenser  should  be 
regulated  so  as  to  maintain  the  highest  temperature  possible 
without  loss  of  vacuum,  or,  as  it  is  more  convenient  to 
express  it,  the  highest  possible  vacuum  efficiency. 

The  data  necessary  for  calculating  vacuum  efficiency 
are  nearly  always  available,  viz.  the  value  of  the  vacuum, 
the   barometric    pressure,   and    the    temperature    of    the 
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Fig.  7. 


In  this  connection  jet  condensers  have  a  marked 
superiority  over  surface  condensers,  as  they  can  be  con- 
structed to  work  with  a  temperature  difference  of  only 
2  degrees  F.  between  the  injection  discharge  water  and 
the  e.xhaust  steam. 

Surface  condensers  have  a  greater  temperature  difference 
than  jet  condensers,  usually  8  degrees  F.  Assuming  a 
fixed  cooling-tower  performance  with  inlet  water  at 
110°  F.,  and  2  degrees  F.  temperature  difference  in  the 
condenser,  the  vacuum  will  correspond  to  112°  F.,  which 
at  30  inches  barometer  is  27T  inches.  The  vacuum  with 
8  degrees  F.  temperature  difference  will  correspond  to 
118°  F.  or  266  inches.  With  fixed  cooling-tower  per- 
formance, therefore,  a  difference  of  6  degrees  F.  in  the 
condenser  discharge  water  means  a  loss  of  0-5  inch  of 
vacuum,  or  approximately  2-5  per  cent  increased  steam 
consumption  in  the  turbines,  because  if  the  cooling  tower 
will  not  dissipate  the  required  quantity  of  heat  with  an 
inlet-water  temperature  of  less  than  110°  F.,  then  the 
vacuum  at  the  condenser  is  bound  to  fall  until  this 
temperature  is  reached  in  the   injection-water  discharge. 

The  ratio  of  the  actual  vacuum  on  a  condenser  to  the 
vacuum  corresponding  to  the  discharge-water  temperature 
has  been  termed  the  vacuum  efficiency.  In  hot  and 
humid  countries  high  vacuum  without  high  vacuum- 
efficiency  is  impracticable.  For  example,  suppose  it  is 
required  to  maintain  a  vacuum  of  27I  inches  where  the 


discharge  water,  but  if  reference  to  a  curve  or  table  must 
be  made  in  order  to  find  the  vacuum  corresponding  to 
every  value  of  the  discharge  temperature,  it  is  not 
practicable  to  take  frequent  and  regular  readings.  In 
order  to  simplify  the  work  of  determining  this  important 
reading  the  author  devised  the  calculator  which  is  illus- 
trated in  Fig.  7.  It  consists  of  a  form  of  slide  rule  with 
three  logarithmic  scales,  viz.  "vacuum,"  "discharge  tem- 
perature," and  "vacuum  efficiency."  The  scales  A  and  B 
are  primarily  the  same  and  are  logarithmic  scales  of  the 
vacuum  from  25  to  30  inches.  Scale  B,  however,  is 
marked  off  to  read  the  steam  temperature  corresponding 
to  the  vacuum  at  30  indies  barometer.  Scale  C  reads  the 
quotient  of  the  vacuum  readings  on  scales  A  and  B. 
Scales  A  and  B  are  provided  with  a  mark  (in  the  illus- 
tration the  right-hand  end  of  the  scale  is  used)  so  arranged 
that  when  these  are' in  line  the  corresponding  temperature 
for  any  value  of  the  vacuum  is  obtained.  To  obtain  the 
vacuum  efficiency  the  corrected  reading  of  the  vacuum 
gauge  on  scale  A  is  brought  into  line  with  the  temperature 
of  the  discharge  water  on  scale  B.  The  vacuum  efiiciency 
can  then  be  read  off  on  scale  C  opposite  the  zero  mark 
of  the  temperature  Scale.  In  using  the  calculator  it  is 
necessary  that  the  vacuum  readings  should  be  corrected 
for  atmospheric  pressure,  because  of  course  the  steam 
temperature  corresponds  to  the  absolute  pressure  and  not 
to  the  reading  of  the  vacuum  gauge. 
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,  and  the  M:huoN   ol    to-day  arc   ilcM)*i)cd 
a  view  to  the  pru|>ri  lulural  lighting  ol  llu 
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^civc    iiK'ic    .iltcntion.       Nul 
^s    are    erected    the    aililiciat 
:  to  the  very  last  and  the  amount  expended 
V ..  .,  .,  ^u,,,.  .iul  of  proportion  to  its  impoiUncc.     Yet  in 
the  present  age  artiBcial  light  plays  an  important  part. 
Thi  -   the   last 

ecu:  Ills  ill  our 

ivlti  l.^  ,  once 

I.     In  the  v  5  the 

dis*  111  the  ^trcels  was  such  that  people  prcterrcd 

(o  ke   ,    :  ,1  doors  at  night.     I lluininat  on,  however,  has 

been  one  of  the  most  powerful  mean!-  of  promoting  the 
safely  of  our  thoroughfares. 

Also  much  of  the  lalniur  of  to-day  is  done  by  artilicial 
light  ;  most  people  find  in  the  evenings  their  main 
opportunity  for  ■>"cial  enjoyments  and  recreation. 

t.  i  lh(  lau  ol  hcatlh. — It  is  therefore 

a  11...  '    that  the  artilici.il  light,  which  we 

DOW  use  so  Irecly,  should  be  properly  airanged.  B;id 
lighting  affects  the  health  in  many  ways.  N'ot  only  docs 
the  general  health  of  people  habitually  working  amid 
gloomy  conditions  suffer,  but  the  nu-ie  fact  of  their  trying 
to  work  under  such  difficulties  imposes  a  strain. 

M 
thi 

given  gia\c  e«.'in.eili  lo  (lie  medical  auttionUes.  Cla>>es 
were  found  wheic  a>  many  as  so  or  even  30  per  cent  of 
the  children  suiu-red  from  defective  vision  :  and  much  of 
(his  was  beheved  to  be  due  to  (he  Ntraiii  imposed  on  the 
eyes  by  working  in  unsatisfactory  illumination.  During 
recent  years  educational  authorities  have  iK-eii  making 
special   efiorts    to  improve   the    lii;hling   of    schools.      In 

t>y   the    I: 
;  on  the  >.. 
ily  going  un  with  a  view  to  mailing 
1  _      . 

Good  lighting  is  naturally  oi   -jncial  consequence  to  the 
young  ;  but  the  adult  worker  in  ihe  tactory  also  suffers  if 
(he  light  is  bad.     Any  one  who  has  been  through  a  cotton 
mill  and   seen   the   complui'    ' 
realize  the  strain  caused  by  u 
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Olfice  in  this  counltv  ' 

niittec  lo  study  ihi- 
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and  Causes  loss.  It  is  now  well  esubiistied  tii^U  it  u 
directly  rrs|sonMble  for  a  large  number  <A  acodesfs. 
Investigations  have  shown  that  the  grcates(  aunibcr  of 
mishaps  occur  in  the  winter  months  when  aru6cuJ 
light  is  m.iinly  used.  It  has  been  shown  furUier  thai 
accidents  and  spoiled  u<  '|{h( 

hours  whi-n  davh^lil  ha-   :  1  br 

slluM,    If 

rs.  In  t 
and  engineering  workshops,  and  shipyards,  nearly  75  per 
cent  of  the  accidents  have  been  found  to  occur  dunng 
(he  dark  hours.  \\\  this  shows  that  there  are  defcvis  in 
arfificial  lighting  which  lead  to  mishaps,  and  which  are 
therefore  reinedial>le. 

Then  there  is  also  an  ' 
found  in  the  fact  that  I' 
neglected    because  i(  Ca: 
way   for   an    ultimate    bi         ._ 
consequences. 

It  lias  been  proved  that  unsatisfactory  lighting  is  of  (en  a 

cause  of  spoiled  work,  and  (hat  it  lowers  the  speed  of 

operators  and  limits  the  output.    Tests  were  r  :ude 

in  a  cert.iin  factory  before  and  after  an  ii:  .1  in 

i{,  and  It  was  found  that  th 

'V    II    jv-r    criit        Vow   !he 


increase  in  output  would  more  than  repay  the  relatively 
small  cost  of  putting  the  lighting  on  a  sotislactary  basts. 

Naturally  much  of   what  has    been   said   above  applies 
equally  to  oftii-  ... 

well  kept.     Tl. 


with.  \  ^ 
mistakes,  .1 
quences  of  such  a  slip  may  be. 

In  many  other  cases  we  find  the  same  th--'       ^  t>.<iv 
lighted  res(auran(  fills  (o  attract  custom,  .. 

-lain  anil'  '.■.c 
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and  up-to-date  merchants  fully  recognize  the  value  of  well- 
lighted  windows  as  an  advertisement.  People  naturally 
crowd  to  tlie  window  where  the  illumination  is  exception- 
ally good.  Not  long  ago  some  experiments  on  this  point 
were  carried  out  in  a  well-known  store.  The  number  of 
people  passing  who  looked  into  a  certain  indifferently 
liglitcd  wnidow  was  noted.  It  was  found  that  the  window 
attracted  the  notice  of  about  12  per  cent  of  passers-by. 
Then  the  services  of  an  expert  were  called  in  and  the 
illumination  was  redesigned  in  a  thoroughly  up-to-date 
decorative  manner.  The  result  showed  that  no  less  than 
72  per  cent  of  the  passers-by  now  looked  at  the  window. 

Wlial  coiisliliilcs  •'good  lighiing." — From  what  has  been 
said  above  the  value  of  good  lighting  should  be  evident. 
But  it  is  not  such  any  easy  matter  to  say  exactly  in  what 
good  lighting  consists.  There  are,  it  is  true,  certain  funda- 
mental requirements  that  must  be  met.  The  light  should 
be  sufficient.  In  an  oflice  or  w-orkshop,  for  example,  we 
must  provide  enough  light  on  the  work  to  enable  the  work- 
man to  do  his  task  in  comfort,  or  the  clerk  to  read  and 
write  with  perfect  ease.  We  must  also  provide  sufficient 
general  illumination  in  the  room  for  all  surrounding 
details  to  be  clearly  visible.  Only  long  experience, 
however,  can  show  exactly  how  much  light  is  needed  for 
different  classes  of  work  ;  and  only  the  skill  of  the  trained 
lighting  expert  can  secure  that  in  any  installation  this 
correct  amount  will  be  provided.  The  illumination  should 
be  "  just  right."  Too  little  would  be  a  hindrance  to  the 
worker,  and  therefore  uneconomical ;  too  much  would  be 
waste. 

Another  fundamental  rule  is  that  the  light  should  be 
directed  where  it  is  needed.  This  implies  two  things,  that 
the  lights  are  arranged  in  the  correct  positions,  and  that  the 
lamps  are  provided  with  the  correct  shades  or  reflectors, 
screening  the  light  from  the  e3'es  of  workers  and  directing 
the  rays  just  where  they  are  required.  Proper  shading,  in 
fact,  is  one  of  the  first  requisites  in  successful  illumination. 
It  is  not  enough  merely  to  provide  a  bright  light.  An  un- 
shaded source,  throwing  the  light  right  into  the  eyes  of  the 
worker,  instead  of  on  the  work  he  is  doing,  is  a  constant 
source  of  annoyance  ;  it  may  even  be  w^orse  than  no  hght 
at  all.  For  instance,  glaring  lights  among  scaffolding  and 
at  the  heads  of  staircases  have  led  men  to  stumble  and 
have  thus  actually  caused  accidents. 

There  are  of  course  many  special  points  to  be  con- 
sidered. The  light  should  come  from  the  right  direction, 
the  shadows  should  be  just  right,  neither  too  soft  nor  too 
hard,  the  glassware  or  metal  used  with  the  lamps  should  be 
suited  to  the  surroundings.  All  these  requirements  can, 
however,  be  met  by  the  trained  illuminating  engineer. 

From  what  has  just  been  said  in  the  Introduction  it  is 
very  evident  that  a  special  study  must  be  made  if  lighting 
problems  are  to  be  undertaken  in  any  other  than  a 
haphazard  manner.  There  are  various  ways  of  lighting 
a  room,  each  possibly  correct  in  itself.  P'or  instance 
one  might  use  a  direct,  semi-indirect,  or  totally  indirect 
method,  but  it  is  quite  obvious  that  the  same  illumination 
would  not  result  in  each  case  from  the  same  initial 
candle-power. 

The  various  sources  of  light  differ  in  distribution  and 
efficiency,  so  that  it  is  impossible  on  the  face  of  it  to 
employ  any   one  type  without  being  acquainted  with  its 


properties.  The  reflection  of  surroundings  also  plays  an 
important  part  in  the  resultant  illumination,  and  it  is  quite 
possible  to  obtain,  due  to  reflection  from  the  walls  and 
ceiling  if  the  room  is  within  reasonable  size  and  the 
surroundings  light  in  character,  an  increase  of  as  much  as 
80  per  cent  over  the  calculated  values.  The  following 
table  indicates  tlie  amount  of  assistance  that  may  be 
expected  from  various  surroundings  : — 


Condition  of  Ceiling 

Condition  of  W.ills 

Increase  over 
Calculated  Illumination 

Very  dark 

Very  dark 

0  per 

cent 

Medium 

Very  dark 

15 

Medium 

Medium 

40 

Very  light 

Very  dark 

30 

Very  light 

Medium 

55 

Very  light 

Very  light 

80 

For  the  measurement  of  illumination  the  term  "foot- 
candle  "  ■•'  is  employed.  As  this  is  a  somewhat  unfamiliar 
term  one  may  ask :  How  many  foot-candles  will  be 
required  for  various  classes  of  service  ?  For  this  purpose 
the  table  on  page  831  has  been  compiled  from  the  researches 
and  opinions  of  acknowledged  authorities. 

In  order  to  calculate  the  foot-candle  illumination  one 
must  have  full  particulars  as  to  the  polar  distribution  of 
the  light  source  which  is  to  be  used,  also  the  actual  candle- 
power  emitted  by  the  source  in  the  different  zones. 

In  connection  with  the  distribution  and  candle-power 
values  of  bare  sources  there  is  at  present  a  controversy  as 
to  the  correct  rating  of  incandescent  lamps.  At  the 
present  time  lamps  are  marked  in  volts  and  watts  con- 
sumption, with  a  generally  understood  efficiency  of  watts 
per  candle-power  ;  and  again  it  is  generally  understood 
that  the  candle-power  is  that  given  out  in  a  horizontal 
direction.  While  all  lamps  had  a  standard  form  of 
filament  winding  and  a  more  or  less  standard  efficiency, 
this  rating  possibly  met  the  case  ;  but  now  with  the 
advent  of  different  forms  of  winding  and  also  lamps  of 
different  efficiencies,  this  rating  is  becoming  insufficient. 

With  haff-watt  lamps  manufacturers  do  not  state  the 
"  watts  consumption"  without  qualifyingthe  candle-power, 
partly  to  distinguish  between  lamps  of  a  lesser  efficiency 
and  partly  to  show  the  lamp  in  its  most  favourable  light. 
Here,  again,  "candle-power"  is  a  loose  term.  Is  it  the 
Hefner 'unit  (which  is  0-9  of  a  British  candle-power), 
horizontal  candle-power,  candle-power  in  a  downward 
direction,  mean  spherical,  or  mean  lower  hemispherical 
candle-power  that  is  meant  ?  This  is  very  important  in 
comparing  one  source  with  another,  and  also  in  the 
resultant  illumination  obtained,  and  the  time  now  seems 
to  have  arrived  for  a  standard  rating  of  lamps.  The  most 
ideal  method  seems  to  be  the  rating  of  lamps  in  "quantity  of 
light  emitted,"  i.e.  in  lumens,  a  "lumen"  being  equal  to 
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necessary  to  use  with  it  a  smtable  rctlector. 
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(1)  The  screening  of  the  source  of  light  from  the  eye 

and  the  .ivoidance  of  glare. 
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4  times  the  rated  horizontal  candle-power  of  the  lamp  over 
a  zone  of  45",  30°,  and  15°  respectively  from  the  vertical. 
Curve  5  shows  a  still  more  concentrating  prismatic  reflec- 
tor wliich  gives  a  maximum  intensity  over  a  7"  zone  of 
10  times  the  rated  candle-povi'er  of  the  lamp.  These 
curves  show  the  complete  control  of  the  light  which  it  is 
possible  to  obtain  with  properly  designed  prismatic  re- 
flectors and  also,  from  the  practical  point  of  view,  the 
llexibility  of  the  system  in  adapting  existing  installations 
with  either  of  the  types  available  to  obtain  the  maximum 
working  efficiency  of  the  light  sources. 
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Fig.  2. 


Curve  6  shows  the  distribution  obtained  from  a  bowl- 
t}'pe  white  glass  shade,  such  distribution  being  of  a 
general  nature,  and  Curve  7  the  distribution  obtained  from 
a  conica'  fluted  mirror  reflector,  which  gives  a  very  con- 
centrating curve.  This  set  of  curves  of  open-type  shades 
and  reflectors  shows  a  rather  interesting  set  of  conditions  : 
That  with  white  glass  one  can  only  obtain  a  general  dis- 
tribution, with  mirrored  reflectors  only  concentrated  dis- 
tribution, and  with  properly  designed  prismatic  reflectors 
anj'  distribution  from  extremely  concentrating  to  extensive. 
With  enclosing  glassware  a  very  similar  set  of  conditions 
exist. 

A  frosted  globe  which  has  only  diffracting  properties 
leaves  the  distribution  curve  of  the  illuminant  essentially 


unchanged,  and  merely  smooths  it  out  by  averaging  the 
light  flux  over  a  narrow  range  of  angles. 

An  opal  or  white  glass  globe,  wliich  is  an  excellent 
diffuser,  entirely  changes  the  distribution  curve  by  sub- 
stituting the  diffusing  globe  as  secondary  radiator,  and 
retains  only  for  a  small  proportion  of  the  light  the 
original  distribution. 

A  lamp  in  an  opal  globe  (not  too  dense)  is  therefore 
clearly  but  faintly  visible,  surrounded  by  a  brightly  luminous 
globe.  In  the  case  of  the  frosted  globe  the  lamp  appears 
as  a  bright  ball  of  light,  while  its  outline  is  not  visible,  the 
globe  being  non-luminous  or  but  faintly  luminous. 

With  prismatic  globes  it  is  possible  to  obtain  both  good 
diffusion  and  redirection  of  the  light  rays.  Clear  glass  with 
correctly  designed  prisms  affords  a  means  of  controlling 
light  to  the  greatest  extent  and  redirecting  it  more 
efficiently  than  any  other  known  material. 

The  following  table  summarizes  on  broad  lines  the 
properties  of  the  various  materials  referred  to  : — 


Power  for 

Power  for 

Power  for 

Material 

Diffusing 

Reflecting 

Refracting 

Clear  prismatic  glass 

Good 

Excellent 

Excellent 

Opal  or  white  glass 

Excellent 

Limited 

t) 

Sand-blasted  or  acid 

Limited 

jt 

11 

etched  glass 

Mirrored  glass 

Excellent 

„ 

Fig.  3  is  of  interest  as  showing  the  extreme  extensive 
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Fig.  3. 


distribution  which  it  is  possible  to  obtain  with  properly 
designed  prismatic  glassware.  This  curve  is  obtained 
from  an  enclosed  prismatic  globe  in  conjunction  with  a 
400  c.p.  half-watt  lamp.  The  combination  has  been 
specially  designed  for  street  lighting  and  gives  the  maxi- 
mum candle-power  (such  maximum  being  2\  times  the 
rated  candle-power  of  the  lamp)  at  an  angle  of  15°  from 
the  horizontal,  which  angle  is  considered  ideal  for  the 
purpose.  The  great  advantage  of  this  type  of  distribution 
for  street  lighting  is  that  it  is  possible  to  obtain  more  or 
less  even  illumination  along  the  whole  street  rather  than 
intense  light  in  close  proximity  to  the  lamp  standards  and 
a  great  diminution  of  illumination  between  them.  The 
particular  unit  from  which  this  curve  was  obtained  is 
made  up  of  two  pieces  of  prismatic  glassware,  one  fixed 
inside  the  other.     The  internal  piece  has  a  smooth  interior 
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DISCUSSION    ON 

I'APEKS*     ON     "ELECTRIC    COOKING." 

Westekx  Local  Section,  12  Ai'Kil,  1915. 


Mr    S    F    WtiKRK-    When   electrical   apparatus   fir<^t       atiriitinn   to    all    minor   trouMc«   in   oriier  effc^liuUlv   to  Mr  wmkk. 

VI- 1 

one  or  : 
As  e«pt 


:c  It  can  be  mU  .1. 

...    ., cj,  such  api>arai.. .  .  ,. ^ ally 

more  reliable  and  lc!kS  expensive,  until  eventiully  it  i!> 
in  most  cases  less  expensive  and  more  reliable  than  the 
appar;itus  with  which  it  competes.  With  reference  to  the 
remark  on  page  4-;  of  Mr.  CliUutt^  paper,  that  "  ^^)^Ile 
manufacturers  make  a  great  point  u(  an  oven  retainiii){  its 
heat."  and  to  the  same  author's  icnuik  that  if  an  oven 
retained  its  heat  it  would  also  re^uut:  a  large  quantity  in 
heatinf;  up,  I  think  the  correctness  of  these  statements 
depends  on  the  degree  of  thermal  insulation.  A  certain 
quantity  of  heat  is  required  to  heat  up  an  oven  and  raise 
the  meat  to  the  cooking  temperature,  and  then  a  smaller 
quaiititv  to  kc«p  the  uvcu  and  food  at  th.il  temperature. 
If  i>  it  is  supplied  tlicre  15  obviously 

a   '  If  an  oven  wlucli  is  well  insu- 

lated i:  ^  used,  very  much  less  heat  wtU  be  lost, 

and  the  —  — uld  retain  its  heat  if  required  for  a  longer 
time  than  in  a  poorly  insulated  oven.  In  my  opinion 
Mr.  Cooper  is  quite  right  in  emphasizing  the  imjHjrlance  of 
using  a  thermometer.  Cooks  will  not  use  a  ihermoineter, 
pi^'  oven    door    (thus  imiucdiatclv 

lov.  of   (he   oven  I  and   to  use   the 

"  iLaiid       test.      .\  and    should    be, 

educated  up   to   '.  ;  n,  and   1   suggest 

the  Use  of  electric  thermometers  which  would  indicate  the 
temperature  of  the  oven  on  a  dial  or  other  app.iratus 
outside  the  oven.  This  wxiuld  mean  additioiial  cx|m.-iisc, 
and  thr:  '  '  he  another  dilVicult  problem  to  he  tackled, 

viz.  thi  J  of  a  Ihermoineter  that  would   ^t-iiul  up 

«<■  ild 

ac!  :^,, 

^^ '  :  iiiuu^  .i;i\ .tilt. i^e,  and  Wi' 

lei  y    in    the    amount    of    cm 

Electrical  engineers  must  make  up   their   mind«  to  pay 

'   "  Mr  W   K.  Coupcr  (sec  pp.  47}  and  0701  soil  Ur.  \V.  A. 

G  4>>. 


!il»t     gas.       I     suggest  ■! 

.1   very   careful    irv;  r-                                       c 

figures    ini)*lil   Ik:   olilaiiml  i( 

by  the  various  iiielhix.l>.     h....  •> 

docs  take  place.     With  a  gas  ov<.  t 

which  carries  olT  some  of  t'  .        -t 

there  is  no  ncce>-iiv  for  a  (i^  v  1 

in   an   el.  J 

proper  >  c 

CO"  ;  11 

WllK  J 

cut  oil  the  current  it  the  eartli-wirc  were  di>^ 

Mr.  F.  Tremain  :    I   have  boiled  water  )>v 
kettles,  one  with  a  copper  base  of  5}  in.  d 
other  with  an  '         -        '  ' 

kettle  takes    : 

the    iron    ketlic    9   ia:uu(c^  l!u-    ..:i.<.:    t-  c 

more  adequate    si/e   of    the   iron  kettle    t  <.- 

full  the  heat  from   the  gas  ring.     In  the 
heating  by  hot-plates,  the    important    |»o.:  ;> 

that  the  surfaces  should  be  plane*!  so  as  to  be  in 
intimate  contact.  In  connection  with  the  c ■■""--' •■••ve 
cost  of  heating  rooms  by  gas  and  electricity, 
inent>  show  that  electricity  at  o^d.  per  uii;i  1^  com- 
pai.itile  Willi  gas  M  Jx  |>er  i,ix>j  cubic  feet.  I'ndcr 
fav  !  tind  tliat    a   4-lanip   radutor  will 

inci .  .  .  jre   of    a   room.    17    ft.  x  15  ft.  x 

10   II.,    I  quicklv.    the    windows    being    closed 

during  1:.^  , -i  and  aittrwards  opened,  and  I  sug- 
gest that  the  siie  of  clectnc  radiators  might  with 
advantage  be  increased,  the  gaps  ttetwevn  the  Umps 
bcin^  also  larger.      Mr.    CnUoM  >    hgurc    for    the   cost   of 


d  Ibe 

"  -  r 
i 


elev ' 


<;  s  to  me  to  l> 
:i!    OM    the     r.i' 


installation,    : 
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iir.Tremain.  tests  on  flexible  wires,  a  great  deal  of  experimenting  has 
been  done  in  connection  with  telephone  worl<,  and  it 
has  been  found  that  well-insulated  c;ible  of  tlie  necessary 
gauge  will  stand  a  great  deal  of  knocking  about,  the 
only  trouble  experienced  being  at  the  ends  of  the  wire. 
I  have  not  given  up  the  hope  of  finding  some  satis- 
/.-ictory  method  of  heating  water  electrically,  and  suggest 
that  heating  engineers  might  lind  a  solution  by  using 
immersion  heaters.  If  this  difficulty  were  overcome,  it 
would  be  a  great  advantage  both  to  the  consumer  and 
to  the  supply  authority.  The  use  of  special  coke  stoves 
for  heating  water  does  not  commend  itself  to  me,  as 
such  stoves  are  very  likely  to  be  neglected  by  servants 
when  hot  water  is  most  required.  It  is  remarkable  how 
many  hotels  and  boarding  houses  fail  in  this  respect 
when  dependent  on  slow-combustion  stoves. 

Jr.  Kinscy.  Mr.  A.  T.  KiNSEY  :  I  was  pleased  to  hear  that  in  electric 
ovens  a  lamp  is  always  pl.iced  in  each  circuit  so  as  to  give 
an  indication  that  current  is  in  use.  In  my  experience  I 
find  that  apparatus  is  frequently  damaged  by  being  burnt 
out  when  left  in  the  charge  of  boys,  the  position  of  a 
switch  not  conveying  much  meaning  to  them.  When, 
however,  a  lamp  is  placed  in  circuit,  this  trouble  ceases, 
and  I  am  glad  to  know  that  the  insertion  of  a  lamp  is  now 
standard  practice. 

ilr.  Proctor.  Mr.  C.  F.  Proctor  :  I  am  very  interested  in  experiments 
in  connection  with  the  heating  of  water,  and  I  agree  with 
both  the  arguments  that  have  been  put  forward.  It  would 
be  ridiculous,  for  example,  to  try  and  heat  the  water  in  our 
steam  boilers  by  electricity,  but  probably  it  is  equally 
ridiculous  from  an  economic  point  of  view  to  boil  an  egg 
bv  an)'  but  the  electrical  method.  A  thermos  flask  of  about 
150  cubic  centimetres  capacity  (quite  large  enough  to  boil 
an  egg  in)  would  require  about  200  watts  for  3  minutes  to 
raise  the  temperature  of  the  water  to  boiling  point  and  to 
keep  the  egg  hot  until  it  was  thoroughly  cooked,  the  cost 
being  about  -i\;d.  and  time  and  trouble  being  saved.  The 
electrical  heating  of  water  is  not  merely  a  question  of 
whether  it  can  be  done  ;  the  time  occupied  in  doing  it  (or 
wasted  while  one  is  waiting  for  it  to  be  done)  must  be 
also  included.  For  example,  a  friend  has  a  coil  of  wire 
stretched  on  a  few  insulators  which  he  puts  into  a  mug 
of  water,  switches  on  the  current,  and  in  considerably 
under  a  minute  the  water  is  hot  enough  for  shaving.  As 
the  actual  cost  of  heating  the  water  is  considerabty  under 
a  farthing,  to  wait  even  two  minutes  would  represent  in 
the  value  of  the  time  lost  many  times  the  cost  of  the 
current  actually  used.  As  regards  electrical  ovens,  a  great 
deal  of  heat  is  lost  by  opening  the  oven  door  to  look  at  the 
cooking  or  for  basting  the  meat.  This  could  be  avoided 
by  making  the  oven  open  at  the  bottom  ;  then  instead  of 
the  whole  volume  of  heated  air  contained  in  the  oven 
coming  ont,  only  a  volume  of  air  equal  to  the  capacity  of 
the  jomt  taken  out  would  be  replaced  by  cold  air,  which 
would  stay  at  the  bottom  of  the  oven  and  thus  not  affect 
the  joint  when  the  latter  was  replaced.  Under  present 
conditions  if  one  wants  to  cook  a  small  joint,  a  chicken,  or 
a  large  joint  the  same  large  oven  has  to  be  used  and  heated 
up,  and  I  suggest  that  the  use  of  larger  or  smaller  ovens 
for  joints  of  various  sizes  would  be  more  economical.  In 
fact  the  oven  that  I  should  like  to  see  introduced  would 
be  a  bright  metal  cover  of  a  semi-ellipsoidal  construction 
with   the   heating   elements  arranged  around  the  bottom 


inside  edge,  and  made  up  in  small,  easily-dismantled  Mr.  Proctor 
sections.  The  joint  to  be  cooked  would  then  be  placed  on 
a  plate  and  the  oven  put  over  it  and  current  switched  on. 
I  have  heard  a  suggestion  made  that  the  temperature  of  an 
oven  could  be  regulated  by  thermal  contacts,  which  seems 
a  simple  solution  of  the  thermometer  problem.  It  is  abso- 
lutely essential  that  elements  should  be  quite  accessible  and 
easily  repaired.  In  connection  with  incandescent  radiators, 
I  suggest  the  use  of  hydrogen  instead  of  a  vacuum,  thus 
obtaining  four  or  five  times  as  much  lieat  per  element. 
The  use  of  a  thoroughly  good  heat-insulating  malerial 
would  save  a  great  deal  of  current,  and  would  very  much 
cheapen  the  cost  of  electric  cooking.  In  conclusion  I 
suggest  that  engineers  and  manufacturers  should  go  on 
steadily  improving  electrical  heating  apparatus.  It  is 
already  very  good,  but  far  from  perfect,  and  there  is 
plenty  of  room  for  improvement. 

Mr.  D.  E.  Roberts  :  While  fully  appreciating  the  excel-  Mr.  Robcrti 
lence  to  which  electric  cooking  apparatus  has  already  been 
developed,  I  personally  should  be  inclined  to  defer  the 
installation  of  such  apparatus  for  the  present,  and  I  think 
that  the  opinions  that  have  been  expressed  appear  to 
favour  that  view.  It  undoubtedly  takes  a  considerable 
time  for  electric  and  other  apparatus  to  be  evolved  and 
so  improved  as  to  be  effective  and  useful  in  daily  life, 
since  there  are  many  difficulties  which  only  experience 
can  overcome. 

Mr.  F.  W.  Prosser  :  The  Electricity  Department's  expe-  Mr.  Prossei 
rience  of  electric  cookers  in  Bristol  does  not  agree  with 
Mr.  Gillott's  so  far  as  upkeep  is  concerned  ;  for  whereas 
Mr.  Gillott  finds  the  annual  cost  of  repairs  to  be  about 
IS.  2d.  per  annum  per  cooker,  in  Bristol  it  is  7s.  2d.  per 
cooker  for  40  cookers.  The  upkeep  varies  considerably 
and  it  is  difficult  to  ascertain  why  one  cooker  causes  much 
more  trouble  than  another  of  the  same  type,  but  neverthe- 
less it  is  so.  The  average  annual  consumption  of  energy 
per  cooker  is  2,000  units. 

Mr.  W.  R.  Cooper:  In  regard  to  the  retention  of  heat  Mr. Cooper 
in  ovens,  Mr.  Walker  has  disagreed  with  Mr.  Gillott.  On 
this  point  I  wish  to  support  Mr.  Walker.  Mr.  Gillott's  view 
is  not  correct.  Taking  the  ideal  case  of  an  oven  with  a 
vacuum  all  round,  this  would  be  most  efficient,  and  yet 
heat  would  be  retained  by  that  oven  for  almost  an 
indefinite  period.  On  the  other  hand,  if  heat  passed 
through  the  walls  rapidly,  the  oven  would  be  very  in- 
efficient. I  should  like  to  emphasize  the  difficulty  of 
getting  truly  comparative  results  with  ovens  unless  the 
temperature  is  measured  under  identical  conditions  for 
each  oven.  As  regards  the  saving  by  shrinkage  when 
using  electricit)',  I  should  be  glad  to  have  further  par- 
ticulars of  the  saving  effected  by  Mr.  Gillott. 

Mr  W.  A.  Chamex  :  Recently  a  form  of  electric  cooker  Mr.  Chame: 
was  brought  into  the  power  station  at  Tref orest  which 
certainly  seemed  to  embody  some  of  the  desirable  points. 
It  looked  something  like  a  small  gasometer.  I  should  like 
to  know  whether  it  is  not  possible  to  go  a  step  further  and 
get  an  oven  made  on  the  principle  of  a  thermos  flask,  which 
seems  to  me  to  be  nearer  the  ideal  type.  I  think  the 
suggestion  to  use  various  sizes  for  cooking  small  joints, 
chicken,  fish,  or  large  joints  respectively,  is  a  good  one. 
It  seems  to  involve  a  great  waste  of  energy  to  have  to  heat 
up  a  large  cooker  in  order  to  cook  a  small  joint.  In 
connection   with   the   e.xperience  of   consumers,  an   hotel 
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controlling  the  heat  in  different  portions  of  the  apparatus 
being  mounted  on  the  wall  above  the  oven,  so  as  to  enable 
the  cook  easily  to  see  what  portions  of  the  apparatus  are 
taking  current  and  the  degree  of  heat  in  each  case.  I  am 
firmly  of  opinion  that  when  meat  is  cooked  electrically 
there  is  a  considerable  saving,  such  saving  being  greater 
in  comparison  with  a  gas  oven  than  with  a  coal-iircd  range, 
the  reason  for  this  being  that  in  the  case  of  the  former  the 
moisture  in  the  meat  is  evaporated  and  carried  away 
through  the  Hue  provided  to  take  off  the  products  of 
combustion.  In  the  case  of  a  coal-fired  oven  no  such 
llue  is  nccessarj',  and  consequentlj'  the  loss  is  smaller. 
Pr.actical  evidence  with  regard  to  the  saving  of  meat  when 
cooked  electrically  has  been  obtained  at  the  Bradford 
Electricity  Works,  where  both  an  electric  oven  and  a 
gas  oven  are  installed.  The  cook  is  quite  at  liberty  to 
use  whichever  he  prefers,  and  as  a  result  of  his  experience 
he  now  invariabh'  does  his  cooking  in  the  oven  heated 
electrically,  as  he  states  that  a  considerable  saving  in  meat 
is  eltected  thereby.  Greater  importance  may  bo  attached 
to  this  statement  when  I  say  that  the  cook  provides  and 
paj'S  for  what  meat  is  necessary,  and  consequently  any 
saving  is  all  to  his  advantage. 

Mr.  W.  A.  GiLLOTT  (/;;  reply)  :  Referring  to  Mr.  Walker's 
remarks  re  "  pioneering,"  as  with  almost  every  class  of 
apparatus  we  had  our  difficulties  at  the  commencement, 
but  I  am  glad  to  say  that  we  have  now  overcome  the 
majority  of  these.  My  company  have  recently  scrapped  a 
lot  of  cookers  on  which  they  gained  their  first  e.xperience, 


consumer  will  appreciate  such  a  lesson  more  than  a  mer-  Mr.  uiiiott. 
curial  indication.  These  periodical  visits  by  the  lady  cook 
are  very  helpful,  prevent  complaints,  and  secure  success. 
In  Newcastle  it  is  not  the  gas  which  we  have  to  compete 
against  so  much  as  coal.  Gas  costs  2s.  4Jd.  per  1,000  cubic 
feet  and  electricity  Jd.  per  unit,  so  (hat  we  can  show  a  very 
satisfactory  comparison.  Coal,  however,  costs  in  normal 
times  15s.  to  £1  per  ton.  The  North  of  England  domestic 
servant  is  usually  brought  up  in  the  colliery  districts, 
where  the  coal  fires  hold  about  half  a  hundredweight  of 
coal.  These  large  fires  are  always  in  the  kitchen,  and  are 
considered  necessary  to  heat  the  water  and  kitchen,  in 
addition  to  cooking. 

In  reply  to  Mr.  Tremain's  remarks,  it  may  be  taken  that, 
for  cooking,  electricity  at  id.  per  unit  costs  about  the  same 
as  gas  at  2s.  6d.  per  1,000  cubic  feet.  When  the  advantages 
are  taken  into  consideration,  however,  electricity  scores 
easily.  In  my  own  case,  I  found  that  when  cooking  for 
six  persons  by  electricity,  the  consumption  being  2,129 
units  per  annum,  the  cost  was  £6  13s.  od.  My  butcher's 
bill,  however,  was  ^6  los.  od.  less  per  annum  than  when 
we  cooked  by  coal  for  the  same  number  of  people.  The 
total  cost  for  the  year's  working  for  all  heating,  cooking, 
and  lighting  for  a  house  of  this  size  accommodating  four 
adults  and  two  boys  is,  I  think,  quite  reasonable.  I  ques- 
tion very  much  whether  it  could  be  carried  out  more 
cheaply  under  any  circumstances.  The  rateable  value  is 
very  low  ;  if  the  house  were  in  a  town  it  would  be  rated  at 
least  at  ;£3S. 


Details  of  Failures 

Type  of 
Cooker 

No.  of 
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Repairs 

Aver.ige  Cost 
per  Cooker 

Total  No.  of 
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Wiring 
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Miscellaneous 
Causes 

Hot-plate 
Elements 

Grill  Ele- 
ments 

Oven  Ele- 
ments 

Terminals 
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7  months  only. 


and  have  installed  a  different  type  of  apparatus,  which  is 
now  giving  satisfaction,  in  upwards  of  100  homes  in  New- 
castle district.  With  reference  to  the  heat-retaining  pro- 
perties of  an  electric  oven,  while  agreeing  in  some  cases 
that  it  is  more  efficient,  one  must  not  forget  that  we  cook 
more  than  one  class  of  food  for  a  meal.  Sometimes  three 
or  four  different  classes  of  food  are  required  for  one  meal, 
and  each  may  require  a  different  temperature  to  cook  ; 
therefore,  an  oven  that  quickly  responds  in  heat  to  the 
c  irrent  applied  is  preferred.  If,  on  the  other  hand,  one  is 
cooking  a  class  of  food  that  may  take  a  long  time  to  cook, 
I  quite  agree  that  an  oven  which  retains  its  heat  is  much 
better.  I  consider  thermometers  to  be  unnecessary.  They 
do  not  give  the  true  temperature  of  the  oven,  and  are  not 
so  useful  as  some  engineers  make  out.  Electrical  ther- 
mometers are  too  expensive  to  allow  of  their  adoption  for 
commercial  use  ;  they  cost  approximately  £1^  each.  It  is 
much  better  to  get  a  lady  demonstrator  to  instruct  the  con- 
sumer how  to  use  the  cooker,  and  it  will  be  found  that  the 


I  agree  with  Mr.  Proctor  that  a  considerable  loss  of  heat 
occurs  each  time  the  oven  door  is  opened.  His  suggestion 
of  a  diving-bell  type  of  oven  has  been  tried.  From  very 
careful  observations  carried  out  by  myself  on  one  of  these 
ovens,  I  found  it  could  not  be  conveniently  cleaned  ; 
moreover,  owing  to  the  top  being  closed  (which  is  the 
reason  of  its  good  heat  efficiency)  no  grease-laden  vapour 
could  escape,  consequently  the  vapour  condensed  and  the 
grease  melted  when  the  oven  was  used  again,  thereby 
causing  contamination,  a  very  objectionable  feature.  With 
regard  to  his  latter  remark  re  small  joints  in  large  ovens, 
I  have  for  some  time  been  experimenting  with  an  oven 
of  my  own  design  which  consumes  energy  almost  in 
proportion  to  the  quantity  of  food  cooked  ;  the  same 
oven  will  cook  a  small  rice  pudding  at  a  small  con- 
sumption or  will  bake  15  loaves  or  two  20  lb.  joints  at  a 
larger  consumption. 

The  type  of  oven  which  Mr.  Chamen  refers  to  is  no 
doubt   similar   to   the   diving-bell   type   that   I   have   just 
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cases  the  consumer  bakes  his  own  bread.  On  large 
installations  we  find  that  the  consumption  averages  0-55 
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'THE  POWER  SUPPLY  OF  THE  CENTRAL  MINING-RAND  MINES  GROUP."* 

Yorkshire  Local  Section,  12  May,  1915. 


ir.wrisht.  _^ir_  H.  H.  Wright  :  It  is  often  said  tliat  tlie  failings  of 
manufacturers — especially  manufacturers  of  electric  plant 
and  switcligear — are  particularly  due  to  the  fact  that  their 
experiences  are  limited  to  the  actual  process  of  manufacture 
and  do  not  extend  to  the  working  of  the  machinery  and 
switchgear  in  practice.  I  therefore  think  many  of  the 
points  raised  by  the  author,  and  especially  the  failures 
described,  should  be  of  very  great  value  to  manufacturers 
of  plant.  There  are  a  few  questions  that  I  should  like  to 
ask  the  author.  Manufacturers  of  3-phase  motors  often 
make  it  a  practice  to  "  earth  "  one  of  the  slip-rings,  but  I 
suppose  that  method  would  not  be  allowed  in  any  of  the 
motors  installed  in  the  mines  under  discussion,  for  the 
reason  that  if  an  earthed  slip-ring  and  an  earthed  liquid 
starter  are  used  one  of  the  phases  is  short-circuited  on 
starting  up  the  motor.  I  myself  do  not  consider  it  to  be 
good  practice  to  "  earth  "  one  of  the  slip-rings  of  an  induc- 
tion motor,  and  I  am  not  sure  whether  other  troubles  do 
not  arise  due  to  that  practice,  such  as  circulating  earth 
currents.  I  should  like  to  know  what  method  is  adopted 
for  the  protection  of  the  overhead  wires  against  lightning  ; 
lightning  flashes  are  very  much  more  severe  in  South 
Africa  than  they  are  in  this  country,  and  I  believe  the 
method  adopted  is  very  largely  that  of  an  earthed  guard- 
wire  over  the  conductors.  I  should  also  like  to  know  what 
type  of  lightning  arrester  is  adopted.  I  should  think 
that  with  the  horn  type  of  arrester  where  a  large  flash 
takes  place  there  would  be  a  great  risk  of  breakdown  due 
to  surging.  Have  any  failures  resulted  from  dust  storms  ? 
Also  have  any  of  the  insulators  given  way  ;  and  if  so,  have 
they  punctured,  or  has  the  trouble  been  flashing  over  ?  I 
cannot  understand  why  such  a  large  variation  of  frequency 
as  5  per  cent  should  be  allowed  in  the  supply,  and  I  expect 
that  in  actual  working  the  variation  is  nothing  like  that 
amount.  On  page  629  the  author  gives  a  formula  for  the 
dimensions  of  the  minimum  radial  air-gap  in  millimetres. 
As  far  as  I  have  checked  it  this  seems  to  give  a  very  fair 
average  gap  for  moderate-speed  motors,  but  in  the  case  of 
small  motors  I  do  not  understand  the  last  figure  in  the 
formula,  namelj',  minus  0-23,  and  I  should  be  glad  if  the 
author  would  explain  it.  On  page  617  under  Item  4  I  sliould 
like  to  hear  whether  the  contactor  switches  which  are  used 
in  connection  with  the  slip-ring  motors  give  as  gradual  and 
smooth  acceleration  as  the  liquid  starters.  I  should  like 
al  J  to  see  a  diagram  of  connections  of  the  arrangement. 

'ii-nand.  ^^''-  ^^'-  ^-  BuRXAXD  :  The  plant  described  is  an  excep- 

tionally large  one  and  there  is  no  doubt  that  metering  the 
supply  becomes  a  different  problem  from  what  it  is  with 
small  consumers.  We  usually  do  not  need  to  meter  to 
such  great  accuracy.  I  was  interested  in  the  method  of 
braking  by  reverse  current  on  the  3-phase  motors  ;  the 
amount  of  energy  taken  or  wasted  for  the  purpose  of  brak- 
ing is  a  very  large  item.  Has  the  author  had  any  experience 
'  Paper  by  Mr.  J.  H.  Rider  (see  pp.  609  and  736). 


of  introducing  continuous  current  into  the  primary  winding  Mr. 

°  .       .  ,  Burnand. 

of  a  3-phase  wnidnig  motor  ?  By  that  means  an  elhcient 
brake  is  obtained,  and  whilst  it  is  perhaps  doubtful  whether 
one  could  brake  to  as  low  a  speed  as  with  the  eddy-current 
brake  described  in  the  paper,  I  think  this  should  be 
possible  as  any  normal  induction  motor  will  develop  full- 
load  torque  at  less  than  5  per  cent  slip  at  normal  magnetic 
density,  and  there  is  no  difficulty  in  increasing  this  density 
with  continuous  current  with  a  very  small  expenditure  of 
energy.  The  advantages  as  compared  with  reverse-current 
braking  are  that  it  involves  mucli  less  strain  on  the 
motor,  and  that  excessive  voltages,  large  energy  losses,  and 
the  use  of  additional  resistances  in  order  to  dissipate  this 
energy  with  reverse-current  braking,  are  all  avoided  ; 
moreover,  the  motor  runs  cooler  owing  to  the  iron  losses 
in  it  being  reduced  to  about  one-sixth  of  the  reverse-current 
value.  As  compared  with  the  eddy-current  brake  it  has 
an  advantage  in  avoiding  the  heavy  cost  of  the  latter,  and 
the  possibility  of  trouble  due  to  the  introduction  of  this 
apparatus,  which  is  not  negligible  as  may  be  seen  by  the 
number  of  coils,  collecting-gear,  bearings,  and  mechanical 
connections  to  the  winder.  It  suffers,  however,  from  the 
same  inconvenience  as  the  eddy-current  brake  in  that  one 
cannot  brake  to  zero  speed  ;  but  even  that  can  be  provided 
at  very  little  additional  expenditure  of  energy,  by  feeding 
a  very  low-frequency  alternating  current  instead  of  con- 
tinuous current  into  the  stator.  I  should  like  to  know 
whether  the  author  had  the  opportunity  of  experimenting 
in  that  way,  because  the  cost,  amount  of  energy,  and  the 
complications  mentioned  in  the  paper  would  justify  a  good 
deal  of  experimenting  with  the  object  of  discovering  a 
method  of  avoiding  them.  A  point  occurs  on  page  628  as 
to  clamping  core-plates  by  bolts,  parallel  with  the  shaft,  or 
securing  them  by  circumferential  locking  keys.  I  think  it 
is  at  least  debatable  whether  the  latter  is  the  only  method. 
I  use  both  methods  and  have  not  found  a  great  deal  of 
difference.  Circumferential  locking  ensures  that  the 
plates  are  arranged  parallel  at  right  angles  to  the  shaft, 
but  does  not  guarantee  that  they  are  tight,  and  I  rather 
favour  the  use  of  bolts  for  tightening  the  core,  but  keeping 
the  bolts  outside  the  core  plates.  One  can  get  them  tight 
in  that  way,  and  there  is  no  difficulty  in  keeping  them 
parallel.  Either  method  gives  quite  good  results,  and  the 
only  point  I  want  to  make  is  that  circumferential  locking 
is  not  the  only  method  worth  consideration.  I  notice  it  is 
mentioned  that  the  bolts  pass  through  the  core  plates  ; 
under  those  conditions  very  large  currents  are  liable  to  be 
set  up  in  the  bolts  unless  one  end  is  insulated.  They  form 
closed  circuits  and  choke  back  the  flux,  in  addition  to 
causing  the  bolts  to  get  very  hot  and  wasting  energy.  On 
page  629  I  notice  that  carbon  brushes  are  mentioned  for 
the  slip-rings.  Personally  I  am  not  very  much  in  favour 
of  using  them  on  slip-rings.  They  involve  a  loss  of  about 
I  volt  per  slip-ring,  and  I  prefer  copper  gauze  impregnated 
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wh4l  he  considers  to  be  a  really  >.ili^ijcl<>ry  switch.  Un 
the  question  of  plant  troubles  1  think  ac  ore  indebted  to  the 
author  for  a  ginxl  deal  o(  courage  in  giving  such  a  full  and 
candid  description  ol  the  troubles  of  which  he  in  common 
with  all  the  users  of  larijc  pl.mt  h.ivc  found  some  time 
oi  '  liul  1  think  there 

is  .lilt;  wiirk  or  steel 

wuik,  or  ail  ht.<vy  work,  not  having  u  irame  of  sulVicient 
stiffness,  especially  so  when  such  motors  are  subject  to 
rapid  reversals.  With  regard  to  the  question  of  soft  or  loose 
cores,  that  is  quite  inexcusable  also,  because  there  has  been 
sufficient  experience  for  10  years  or  more  to  show  what 
a  \  thing  it  is  to  have  cores  wliich  are  not 

tl.  and  are  not   lifjhicned  up  in  a  very  sub- 
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been  a  goixl  deal  01  unhappy  experience  on  (liat  point 
in  this  country  as  well  as  in  South  Africa.  1  certainly 
know  of  several  cases  where  ver)'  large  plants  have  given 
way  owing  to  the  separately  attached  keys  being  in- 
sufficient  in  size  and  insutiiciently  secured  to  the  circum- 
ference of  the  '!  .  .(.-s.  I  h.i.  >tcd  on 
the  core  plate*.  1  ■(•<!  in  i-\  .these 
d^  stalor 
fi  •  ;  better 
to  ml  up  the  radial  spaces,  if  there  were  any  between  the 
punched  keys  of  the  plates,  and  the  dovetailed  slots 
with  white  metal.  I  think  if  other  people  followed  the 
author's  example  and  gave  detailed  descriptions  of  their 
troubles  with  plant  wc  should  very  soon  come  to  some 
dv                        as  to  a  good  standard  to  be  adopted  for 
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fixing  ? 

Mr.  H.  E.  Yerulkv  :  I  am  pleased  that  the  a-.ithor  has  Ui 
brought   forward    suull   matters  of    .■  .ould 

prove  useful  to  members,     I  feci  sure  :  ...iieers 

have  experienced  the  same  troubles  as  the  author  in  regard 
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Jr.  I  have  always  found  that  an  ample  margin  of  copper  and 

•erbuo-.  ^jp^.^  attention  to  details,  even  if  that  means  additional 
cost,  have  proved  a  good  investment.  I  should  like  to 
ask  the  author  if  he  lias  had  anj'  experience  of  rock 
percussion  drills  operated  by  alternating-current  motors 
instead  of  by  compressed  air. 
Ir.  Brown.  Mr.  W.  H.  BuowN"  :  I  was  particularly  interested  in  the 
illustrations  relating  to  the  crusliing  of  rock,  as  I  noticed 
that  there  is  a  very  great  resemblance  between  the 
machinery  used  in  this  class  of  work  and  in  cement  manu- 
facture. I  refer  to  such  macliinery  as  tube  and  ball  mills, 
and  I  should  like  to  ask  the  author  whether  the  pulp  that 
he  mentions  as  passing  to  the  copper  plates  is  ceally  a 
damp  pulp,  or  whether  it  is  the  dry  powder  which  issues 
from  the  tube  mills,  because,  I  take  it,  the  ore  is  quite 
dr)'  when  it  goes  into  the  tube  mills,  and  is  also  dry  when 
it  comes  out.  In  trying  to  visualize  the  whole  process, 
I  do  not  quite  gather  at  what  point  the  material  is  wetted, 
or  w-hether  it  remains  a  dry  mixture  throughout.  I  notice 
that  demand  indicators  do  not  seem  to  be  fitted,  and  I 
should  like  to  know  whether  the  author  went  in  for  this 
accessory,  because  it  is  one  of  those  things  which  one  can 
sav  a  great  deal  about  when  endeavouring  to  sell  energy,  but 
when  purchasing  current  one  would  rather  the  apparatus 
was  not  mentioned.  In  connection  with  the  3-phase  liquid 
starters,  the  author  mentioned  that  he  saved  practically 
10  per  cent  by  doing  away  with  these  and  installing 
metallic  resistances.  I  gather  that  at  the  end  of  the  start- 
ing period  there  was  no  metal-to-metal  contact  by  which 
the  liquid  was  actuallv  short-circuited,  and  I  presume  that 
it  was  owing  to  this  that  the  10  per  cent  of  power  was  lost. 
Personally  I  have  found  that  when  using  liquid  starters 
rated  at,  say,  300  horse-power,  there  is  a  decided  "  kick  " 
when  the  liquid  is  short-circuited,  and  it  is  exceedingly 
difficult  so  to  adjust  the  liquid  that  it  can  be  absolutely 
short-circuited  without  a  relatively  large  rush  of  current. 
Mr.  Wright  asked  a  question  in  connection  with  the  relay 
starting-device  shown  on  page  617,  and  I  should  like  to 
mention  that  I  had  a  similar  case  some  time  ago  in  which 
I  used  this  method.  The  starter  was  rated  at  about  60 
horse-power,  and  the  cutting  out  of  each  section  of  resist- 
ance was  dependent  upon  the  current  in  the  preceding 
section  falling  to  a  pre-determined  value.  On  page  629 
the  author  deals  with  rotor  air-gaps,  and  I  should  like  to 
ask  if  he  had  the  smaller  machines  fitted  with  adjustable 
bearings  or  end-plates  in  which  the  air-gap  could  be 
adjusted,  and  whether  he  used  ball  bearings  or  ordinary 
journals.  I  was  also  interested  in  his  remarks  regarding 
temperatures  where  he  says  that  a  temperature  of  158°  F.  is 
quite  high  enough  to  run  machines  at  if  a  long  life  is  to  be 
obtained.  What  is  the  author's  idea  of  a  long  life  ?  Is  it 
5,  10,  or  20  years  ? 
jjj.  Mr.  R.  C.  Thackeray  :  One  point  which  has  not  been 

rhackeray.  raised  is  :  Who  was  responsible  for  purchasing  the 
machinery'  ?  I  suppose  it  has  been  purchased  against  the 
specification  drawn  up  by  certain  consulting  engineers. 
If  this  is  the  case  the  supervision  has  not  been  effective,  as 
some  of  the  faults  outlined  in  the  paper  could  not  have 
arisen  if  inspections  had  been  made  during  manufacture. 
The  I  mm.  air-gap  of  the  large  motor  would  not  be  good 
practice  even  with  a  very  stiff  shaft  and  ball  or  roller  bear- 
ings. The  author  does  not  say  what  type  of  bearings  is  in 
use.     Mr.  Brown  has  raised  the  question  of  ball  bearings 


and  it  will  be  very  interesting  to  know  how  far  these  have  Mr.. 
been  made  use  of  and  with  what  success.  In  the  early  Thackeray 
days  of  alternating-current  motors  it  was  usual  to  use  open 
slots  and  large  air-gaps,  with  the  result  that  tlie  machines 
would  carry  very  heavy  overloads  for  long  periods.  As 
alternating-current  supply  was  developed,  the  motor  manu- 
facturers, under  keen  competition,  made  a  clieapcr  motor 
with  smaller  air-gaps  and  closed  or  partially  closed  slots. 
These  machines  are  not  capable  of  sustaining  heavy  over- 
loads, but  they  are  very  much  cheaper  and  can  compete 
against  foreign  machines.  As  the  majority  of  contracts  arc 
given  to  the  lowest  tenderer  it  would  not  be  any  use  to 
quote  for  machines  with  open  slots  unless  these  were 
specially  asked  for.  Some  years  ago  I  heard  of  troubles 
which  took  place  in  South  Africa  :  they  were  in  connection 
with  large  pumping  sets.  It  was  found  that  it  was  ad- 
visable to  get  a  motor  which  would  stand  rough  handling 
and  that  efficiency  was  a  secondary  consideration,  as  it 
was  not  possible  to  get  extensive  repairs  executed  in  the 
country  at  that  time.  The  usual  method  was  to  do  small 
repairs  and  put  a  new  machine  in  if  the  damage  was 
extensive.  I  should  expect  that  on  the  large  scheme 
described  by  the  author  winders  and  fitters  will  be  on  the 
permanent  staff. 

Mr.  J.  A.  McLay  :  My  personal  interest  in  the  paper  has  Mr.  McLay 
not  been  so  much  on  the  electrical  side  as  on  the  financial 
and  mechanical  sides.  The  author  does  not  tell  us  whether 
the  mining  companies  find  this  big  change  from  steam  to 
electric  driving  and  operating  financially  advantageous  ; 
and  that,  after  all,  is  the  test  of  the  success  of  any  engineer- 
ing project.  I  have  known  cases  where  a  large  amount  of 
capital  has  been  spent  in  converting  from  one  power 
system  to  another,  the  net  result  being  that  the  savings 
effected  were  just  sufficient  to  cover  the  standing  charges 
on  the  capital  invested.  In  those  cases  the  only  benefit 
from  the  change  was  got  by  the  manufacturer  who  supplied 
the  new  plant  and  the  power  company  or  department 
which  supplied  the  new  power  and  presumably  made  a 
profit  from  it.  I  would  not  call  that  successful  engineering 
from  the  user's  point  of  view,  and,  as  the  user's  point  of 
view  appeals  to  me  much  more  than  the  manufacturer's,  I 
wish  the  author  had  been  able  to  give  us  some  information 
on  this  side.  At  the  same  time,  as  I  know  something  of 
the  lack  of  economy  experienced  in  mining  in  this  country 
where  steam  power  is  used,  I  am  certain  that  the  mining 
companies  in  South  Africa  found  the  change  not  only  an 
enormous  benefit  from  the  operating  point  of  view,  but 
also  financially.  I  have  no  doubt  also  that  the  power  com- 
pany found  it  a  profitable  arrangement,  more  especially  if 
the  terms  of  pavment  are  on  the  same  liberal  scale  as  that 
allowed  them  for  variations  in  voltage  and  frequency.  We 
find  it  difficult  at  home  here  to  persuade  power  users  to 
change  over  frorn  existing  steam  or  other  self-contained 
power  systems  to  the  use  of  electric  power  from  a  central 
supply,  and  I  have  no  doubt  that  many  of  us  would  like  to 
know  how  this  huge  conversion  was  arranged.  Possibly 
there  is  not  the  same  innate  conservatism  in  a  new 
country  like  South  Africa  as  there  is  here,  and  possibly 
the  same  mistakes  have  not  been  made  there  as  have 
been  made  here.  In  any  case  it  seems  to  me  someone 
deserves  great  credit  for  the  patience,  perseverance,  and 
ability  exercised  in  overcoming  all  the  obstacles  and 
obstructions  which    must    have    been   raised    before   this 
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Mr.  Roles,     plant."     I   think  most  undertakings  in  this  country  have 
had   trouble   owing   to  their  not  maintaining  a  sulTieient 
margin  of  reserve  plant,  and  many  have  had  to  pay  dearly   ^ 
for  their  experience.     Tlie  author  states  that  a  reserve  of   | 
25  per  cent  is  not  by  any  means  too  much.   This,  however, 
is  a  point  which  in  my  opinion  depends  largely  on  the 
number   of    generating    sets   in   the   power   station ;    for   j 
instance,  if  four  sets  of  equal  size  are  installed  to  take  the 
full  load,  I  do  not  consider  another  set  of  the  same  size  as 
spare — which  would  represent  25  per  cent — to  be  sufficient. 
My  own  ideas  on  the  subject  are  that,  with  one  set  dis- 
mantled for  repairs,  there  should  still  be,  even  at  the  time 
of  maximum  load,  a  spare  machine  capable  of  immediately 
taking   the  place,  in   case  of   failure,  of   any  of   the  sets 
running. 

Mr.  Riiier.  Mr.  J.  H.  RiDER  {ill  reply) :  I  have  been  very  gratified 
to  find  that  out  of  such  a  comparatively  small  meeting 
we  have  had  such  an  excellent  discussion.  Following  my 
practice  in  replying  to  the  discussions  at  the  other  Local 
Sections  I  will  deal  with  the  various  points  under  their 
subject-matter  headings. 

Wimh'is. — Mr.  Burnand  asks  if  I  have  had  any  experi- 
ence of  the  use  of  direct  current  for  braking  3-phase 
winder  motors.  I  have  not.  I  consider  the  complication 
would  be  too  great,  and  I  would  rather  go  in  for  a  Ward 
Leonard  winder  at  once  than  use  direct  current  for  a 
3-phase  winder. 

Mr.  Wright  asks  whether  the  contactor  switches  used 
in  connection  with  the  regulation  of  3-phase  motors  give 
as  gradual  and  smooth  an  acceleration  as  the  liquid 
starter.  In  practice  it  has  been  found  that  with  9  con- 
tactor steps  the  acceleration  curve  is  quite  smooth  enough, 
because  it  must  be  remembered  that,  in  addition  to  the 
heavj'  winding  drums,  there  are  the  cages,  the  ropes,  and 
the  headgear  sheaves  to  move,  and  these  give  a  certain 
amount  of  flywheel  effect  in  starting  up,  so  that  the  curve 
is  continuous  enough  for  all  practical  purposes. 

Mr.  Brown  raises  the  interesting  point  as  to  using  a 
metallic  short-circuiting  device  for  the  rotor  when  the 
liquid  in  the  control  tank  had  risen  to  the  top.  Such  an 
arrangement  would  not  be  practicable,  because  the  short- 
circuiting  switch  could  not  very  well  be  made  to  depend 
for  its  action  upon  the  level  of  the  liquid.  It  would  have 
to  be  mechanically  connected  to  the  driver's  control  lever. 
In  starting  up  a  winder  the  lever  is  put  right  over  at  the 
start,  and  the  rate  of  acceleration  is  determined  only  by 
the  rate  of  the  rise  of  the  liquid.  It  would,  therefore,  not 
do  for  the  rotor  to  be  short-circuited  immediately  the 
control  lever  was  placed  over. 

Compressors. — Mr.  Wilson  asks  as  to  the  use  of  direct- 
driven  rotatory  air  compressors  on  the  Rand  as  against 
reciprocating  air  compressors.  The  whole  of  the  air 
supply  given  by  the  power  company  is  by  means  of  tur- 
bine air  compressors,  of  which  some  are  steam-driven  and 
some  electrically-driven.  In  the  few  cases  where  the 
mines  produce  their  own  compressed  air,  reciprocating 
compressors  are  generally  used.  Full  information  on  this 
point  is  given  in  the  paper  itself. 

Troubles. — Mr.  Wright  asks  for  an  explanation  of  my 
formula  for  air-gaps.  I  think  his  point  is  that  for  very 
small  motors  the  formula  would  not  hold  good,  as  it  would 
apparently  give  no  air-gap  at  all  for  certain  diameters. 
This  is,  of  course,  correct  and  the  formula  is  not  intended 


to  apply  to  motors  which  have  rotors  under  5  or  6  inches  Mr 
in  diameter. 

Mr.  Burnand  prefers  the  use  of  bolts  passing  through 
the  core  plates  rather  than  circumferential  locking  keys. 
We  must  agree  to  differ  on  this  point,  as  personally  1 
think  all  bolts  through  the  cores  are  bad,  not  so  much 
from  any  magnetic  or  electrical  reason,  but  because  of  the 
difficulty  of  keeping  the  nuts  tight  and  the  cores  parallel. 
It  is  unnecessary  to  insulate  bolts  which  pass  through  core 
plates  if  they  are  placed  outside  the  active  magnetic 
region. 

Mr.  Shepherd's  suggestion  that  in  building  up  core 
plates  it  is  a  good  precaution  to  have  the  radial  spaces  at 
the  bottom  of  the  slots  filled  up  with  white  metal  is  a 
very  proper  one,  and  I  suppose  the  only  reason  why  it 
is  not  adopted  as  standard  practice  by  makers  is  because 
of  the  very  small  additional  expense  which  would  be 
incurred. 

Mr.  Shaw  asks  me  to  suggest  what  variations  in  pres- 
sure and  frequency  I  would  be  satisfied  with,  and  he 
states  that  in  his  case  he  likes  to  keep  the  frequency 
witliin  half  a  period  up  and  down.  In  my  opinion  a  5  per 
cent  total  variation  in  voltage  and  a  3  per  cent  total 
variation  in  the  frequenc}'  should  be  the  limits  for  an}' 
well-organized  system  of  power  supply. 

I  am  glad  to  have  the  support  of  Mr.  Yerbury  in  his 
experience  of  plant  troubles,  and  particularly  with  regard 
to  the  suggestion  of  the  Engineering  Standards  Committee 
referred  to  on  page  629  of  the  paper. 

Mr.  Burnand,  speaking  as  a  contractor,  says  that  he 
does  not  know  whether  the  record  of  troubles  which  I 
gave  is  going  to  teach  us  a  great  deal  in  an  engineering 
sense.  Well,  that  all  depends  on  the  frame  of  mind  with 
which  we  start  out  to  consider  the  question.  They  have 
certainly  taught  me  a  great  deal,  and  I  think  they  will 
teach  other  people  a  great  deal  also,  if  approaclied  in 
the  riglit  spirit.  Mr.  Burnand  is  of  the  opinion  that  the 
troubles  are  due  rather  to  bad  organization  than  to  bad 
engineernig.  I  do  not  agree.  It  is  because  the  designer 
has  little  or  no  experience  of  plant  operation,  and  particu- 
larly of  the  operation  of  plants  which  he  himself  designs, 
that  most  of  the  troubles  start. 

Mr.  Brown  asks  whether  ball  bearings  or  ordinary' 
journals  are  used  on  the  motors  which  have  the  small 
air-gaps,  and  whether  the  bearings  or  end  plates  could  be 
adjusted  so  as  to  keep  the  air-gap  constant.  We  have 
never  used  ball  bearings,  but  spherically-seated  bearings 
gave  very  good  results.  I  do  not  like  the  use  of  arrange- 
ments for  adjusting  the  end  plates  to  keep  the  air-gap 
regular,  but  they  are  standard  with  certain  makers. 

Mr.  Brown  asks  what  is  my  idea  of  a  long  life  for  a 
motor.  If  a  motor  will  not  last  for  15  years  it  is  not  worth 
buying. 

I  gather  from  Mr.  Thackeray's  remarks  that  as  the 
majority  of  contracts  were  given  to  the  lowest  tenderer 
it  was  not  much  use  to  quote  for  specially  good  machines, 
and  I  infer  from  this  that,  in  his  opinion,  if  the  customer 
is  foolish  enough  to  take  the  lowest  offer  he  is  only 
entitled  to  get  what  he  pays  for  and  nothing  better'.  I 
should  like  to  make  an  observation  or  two  on  this  point. 
Why  should  a  purchaser  be  blamed  for  taking  the  lowest 
offer  ?  He  comes  into  the  market  and  says  to  a  body  of 
presumably  respectable  contractors,  "  I  want  to  buy  such 


THK    IH)\VEK   Sl'IMM.Y   DK  THK   CKNTRAL   MINING-RAND   MINKS  (ik 


ami     -in  h    t 

I  ^ 

4)1 

tili. > -    , •     ■ 

My*.  "  I  only  akkcd  yvm  i 
ImiI  to  be  a  mlt\ 
jj^tva,"  Iheii  It  i>  : 
an.< 


M  lo*   Ih.. 


ocd  lb- 


Mr.  J.   V. 


.'*.  lit.  ^    ICiiil'lC. 


(hi!>  i»  no  ai-^mcnt  why  the  purclutMrr  tliould  gel  a  pu 
nuchiiir. 
Mr  Thackeray  ttV*  thai  in  en  tain  ctrcuin»Unc«c  it  it 

Nrl-  .     •  ■    .         ■■     _, 

lh< 


one  wh 

will  not  . .._ -.  -  - 

qiicnt  result  of  a  breakdown  would  \  .Iv  wipe  out 

an\ ■  rv   gain   which    wouM    l-i      iHimtd    from    a 

m.i  ^    robu!>l.  but  which  rciiuircd  a  fraction  less 

in  >  •  '  drive  it. 

N:  :  like  me  to  st.itc  the  approximate 

dii  ^  »uitch  which  the  Mines  h.«ve  adopted 

a>  1  ior  the  switch  hou>e.     I  regret  I  have 

not  got  the  dimensions  by  me. 

Drills. — Mr.  Yerbury  asks  if  I  have  had  any  experience 
of  rock  percussion  drills  operated  by  altcrnatin)>  current 
motors.    I  under>taiid  Mr.  Vv    '  mean  that  the  move- 
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reciprocate  twiween  soo  and  300  tunes  per  minute,  the 
frequency  of  any  ordinary  electrical  supply  would  be- 
far  too  high  to  get  the  effect  Mr.  Yerbury  suggests. 
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HOBSOX:    THE    UTILIZATION    OF    WASTE    HEAT 


THE    UTILIZATION    OF    WASTE    HEAT    FOR    THE    GENERATION 

OF    ELECTRICAL    ENERGY. 

By   H.   HOBSON,  B.SC,  Student. 
(P.i/iT  n-a<l  Ih/on-  the  Newcastle  Students'  Suction'  25  Jnuiiaiy,  1915.) 


The  author  proposes  to  divide  this  paper  into  two 
sections — the  first  dealing  with  the  various  forms  of  waste 
energv  availalilc  and  tlic  general  conditions  governing  their 
employment  for  the  purpose  of  electrical  generation,  and 
the  second  dealing  with  the  considerations  involved  in  the 
disposal  of  the  power  thus  generated.  For  the  purposes 
of  this  paper  it  is  intended  that  the  term  "  waste  heat " 
should  be  interpreted  in  its  broader  sense  as  including  both 
waste  steam  and  waste  gases. 

There  are,  roughly  speaking,  three  great  sources  of 
waste  energy,  which  are  as  follows  : — 

(i)  Waste  steam,  which  includes  both  exhaust  steam  from 
non-condensing  engines  and  live  steam  from  boilers 
supplying  engines  working  intermittenth'. 

(2)  Coke-oven  gas  and  waste  heat. 

(3)  Blast-furnace  gas  and  waste  heat. 

Waste  Steam. 

It  is,  of  course,  generally  appreciated  that  the  amount  of 
energy  to  be  obtained  from  steam  at  low  pressures  is 
considerable,  but  the  exceedingly  large  value  of  this  energy 
is  not  always  fully  realized.     It  is  popularly  supposed,  even 
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Fig.  I. 

among  certain  engineers,  that  if  saturated  steam  is  ex- 
panded from,  say,  200  lb.  per  sq.  in.  to  atmospheric 
pressure,  the  major  portion  of  the  available  energy  has 
been  used.  In  order  to  bring  home  the  fallac3'  of  such  an 
idea.  Fig.  i  has  been  prepared  showing  the  actual  number 
of  foot-pounds  of  energy  contained  in  one  pound  of  dry- 
saturated  steam  when  expanded  adiabatically  from  any 
pressure  not  exceeding  200  lb.  per  sq.  in.  (gauge)  down  to 
an  absolute  pressure  of  i  lb.  or  a  vacuum  of  about 
29  inches  of  mercury. 

It  will  be  seen  that  the  curve  crosses  the  atmofpheric 
line  at  the  point  marked  X.  Below  the  curve  a  diagram 
has   been   drawn    in     block    form,    showing    the  .actual 


energy  available  between  200  lb.  gauge  and  atmospheric 
pressure  (the  length  B  C)  and  between  atmosphere  and 
i  lb.  absolute  (the  length  A  B).  It  will  be  seen  then  that, 
whereas  the  energy  liberated  between  200  lb.  and  atmo- 
spheric pressure  is  4,000  foot-pounds,  that  liberated 
between  atmospheric  pressure  and  \  lb.  absolute  is  8,000 
foot-pounds,  or  twice  as  much.  The  figures  given  are,  of 
course,  theoretical,  but  if  they  are  multiplied  by  an 
efficiency  factor  the  actual  energy  availatile  can  be  approxi- 
mately arrived  at,  and  the  proportion  will  not  bo  greatly 
altered,  the  actual  ratio  in  practice  being  roughly  3  to  2. 

At  the  present  time  there  are  a  considerable  number  of 
non-condensing  engines  in  use,  both  for  colliery  winders 
and  for  blowing  engines  at  ironworks,  from  which  a  supply 
of  exhaust  steam  may  be  derived.  These  are  in  many 
instances  in  good  condition,  and  may  continue  in  use  long 
enough  to  warrant  a  generating  installation  being  built  in 
conjunction  with  them.  At  the  same  time  it  should  be 
remembered  that  in  most  cases  this  form  of  energy  is 
available  only  for  a  limited  number  of  years,  the  majority 
of  modern  steam  plants  being  of  the  condensing  type.  In 
certain  cases,  such,  for  instance,  as  colliery  winders,  where 
the  engines  must  of  necessity  work  intermittently,  non- 
condensing  engines  are,  however,  still  often  put  down. 

It  is  frequently  the  case,  as  in  some  of  the  large  iron- 
works of  the  Tees  area,  that  there  is,  in  addition  to  a  fairly 
continuous  supply  of  exhaust  steam  from  the  blowing 
engines,  an  intermittent  supply  of  live  steam  from  the 
boilers.  One  station  of  this  kind  in  the  Middlesbrough 
district  contains  one  3,000  kw.  mixed-pressure  turbo  set,  the 
turbine  being  fed  with  exhaust  steam  from  the  blowing 
engines  at  about  atmospheric  pressure.  The  live  steam 
from  the  boilers  is  controlled  by  a  surplus  valve  so  arranged 
that  w'hen  the  pressure  in  the  steam  main  rises  above  a 
certain  limit,  live  steam  is  admitted  to  the  turbine  in 
addition  to  the  exhaust  steam.  After  doing  work  in  the 
high-pressure  end,  this  steam  exhausts  into  the  low- 
pressure  end,  where  it  is  further  expanded  together  with 
the  exhaust  steam  from  the  blowers. 

In  some  of  the  earlier  stations  of  this  type,  where  the 
steam  had  to  be  piped  some  distance,  it  was  considered 
advisable  to  install  a  superheater  in  order  to  ensure 
economical  transmission.  In  the  case  of  ironworks  where 
blast-furnace  gas  was  available,  this  was  used  for  the  super- 
heater. Modern  development  in  the  protection  of  steam 
piping  has,  however,  in  many  cases  rendered  it  apparent 
that  better  results  can  be  obtained  by  a  rather  greater 
outlay  on  lagging  than  by  the  use  of  a  superheater.  Often 
the  furnace  gas  could  be  used  to  greater  advantage  in  the 
production  of  high-pressure  superheated  steam,  which 
could  be  utilized  in  the  high-pressure  end  of  the  mixed- 
pressure  turbine. 
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cxccM  higli-prcs!>ure  sicani  to  pass  into  the  accuniuUtor. 
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per  hour  is  2,600  cubic  feet,  of  which  1,300  is  available, 
this  amount  containing  650,000  B.Th.U. 

An  ordinary  gas  engine,  if  of  considerable  size,  working 
on  the  Otto  cycle,  will  take  about  13.500  B.Tli.U.  per 
kilowatt-hour,  assuming  an  alternator  efiiciency  of  90  per 
cent  or  thereabouts.  The  output,  therefore,  from  650,000 
B.Th.U.  is  48  kilowatts. 

A  new  type  of  high-speed  vertical  gas  engine  has  recently 
been  brought  out  by  the  Fullagar  Engine  Company.  Tests 
on  an  engine  of  this  type  have  given  figures  as  low  as 
12,000  B.Th.U.  per  kilowatt-hour,  so  that  the  output  with 
such  an  engine  would  be  53  kilowatts. 

From  the  above  calculations  it  seems  obvious  that,  apart 
from  other  considerations,  the  gas-engine  station  should 
be  the  most  efficient  one  in  conjunction  with  coke  ovens. 
There  are,  however,  points  of  importance  which  militate 
against  the  use  of  these  engines.  In  the  first  place,  the 
capital  cost  of  gas-engine  plant,  entailing,  as  it  has,  heavy 
foundation  and  building  costs,  has  up  to  the  present  usually 
more  than  balanced  the  gain  in  efficiency.  Further,  in 
most  cases  gas  engines  of  large  power  are  as  yet  rather 
unreliable  as  compared  with  steam  turbines,  especially 
when  working  on  a  high  load  factor,  and  they  have  no 
overload  capacit)'. 

Considerations  such  as  the  above,  combined  with  the 
difficultj-  of  running  low-speed  generators  in  parallel  with 
a  large  power  system,  have  so  far  led  to  the  preference  of 
steam  turbines  in  conjunction  with  coke  ovens.  But  with 
the  advance  of  gas-engine  design,  it  is  probable  that  engines 
of  this  kind  will  play  an  important  part  in  future  waste- 
heat  schemes. 

Blast  Furnace  G.«  and  Waste  Heat. 

In   the   production   of   pig  iron,  the  ore  is,  of   course, 
urned  together  with  limestone  and  coke  in  blast-furnaces, 
and  about  22  cwt.  of  coke  is  necessary,  on  the  average,  per 
ton  of  pig  iron  produced. 

Now  the  weight  of  gas  given  off  is  directly  proportional 
to  the  weight  of  coke  used,  and  it  is  generally  assumed 
to  be  about  six  times  the  weight  of  the  coke.  For  every 
ton  of  pig  iron,  therefore,  approximateh-  6^  tons  of  gas  are 
given  off.  The  temperature  at  which  this  gas  leaves  the 
furnace  is  about  600°  F.,  and  the  pressure,  which  is  regu- 
lated by  a  relief  valve  on  top  of  the  furnace,  is  usually  in 
the  neighbourhood  of  31-  inches  of  water.  Under  these' 
conditions,  the  volume  of  gas  per  ton  of  pig  iron  is  on  the 
average  150,000  cubic  feet,  and  the  calorific  value  when  it 
leaves  the  furnace  is  roughl}^  55  to  60  B.Th.U.  per  cubic 
foot.  Of  this  gas,  a  small  proportion  is  wasted  in  the 
regulation  of  the  pressure,  and  it  is  usually  necessary  to 
employ  a  further  30  to  35  per  cent  in  heating  the  blast. 
Generally  speaking,  therefore,  there  is  available  for  use  in 
driving  engines  some  60  per  cent  of  the  total,  or  say 
90,000  cubic  feet  of  gas  per  ton  of  iron. 

The  gas  as  it  comes  from  the  furnace  contains  a  consider- 
able quantity  of  dust,  and  it  is  essential  that  practically  the 
whole  of  this  should  be  removed  if  the  gas  is  to  be  used  in 
gas  engines.  If,  however,  steam  plant  is  used,  it  is  not 
usuallj'  considered  necessary  that  the  gas  should  be  sub- 
jected to  any  cleaning  process.  It  will  perhaps  be  more 
convenient  for  the  purposes  6f  this  paper  to  consider  gas 
which  has  been  cleaned.  This  cleaning  may  be  performed 
b}'  means  of  some  water-spray  device  in  which  the  gas 


is  intimately  mixed  with  llie  water,  a  large  proportion  of 
the  dust  lieing  thus  removed,  or  liy  some  type  of  dry  filter. 
The  gas  will  in  such  an  apparatus  be  considerably  cooled, 
its  temperature  being  reduced  to  about  100°  F.  The 
volume  will  be  correspondingly  decreased  to  about  one- 
half,  and  its  calorific  value  raised  to  90  B.Th.U.  per  cubic 
foot,  some  13  B.Th.U.  per  cubic  foot  of  hot  gas  having 
been  lost  in  the  process  of  cooling  through  500'  F. 

After  cleaning,  then,  we  have  available  for  use  45,000 
cubic  feet  of  gas  of  go  B.Th.U.  calorific  Value,  from  each 
ton  of  pig  iron  turned  out. 

Taking  a  blast  furnace  dealing  with  200  tons  of  iron  in 
24  hours,  or  8'34  tons  per  hour,  there  is  from  each  furnace 
a  yield  for  outside  use  of,  say,  375,000  cubic  feet  of  gas 
per  hour  of  a  total  calorific  value  of  33,750,000  B.Th.U. 

If  the  blower  and  furnace  auxiliaries,  such  as  hoist, 
pumps,  etc.,  be  of  the  usual  steam-driven  type,  it  is  gene- 
rally found  that  there  is  little  or  no  gas  remaining  for 
power-station  use.  In  that  case,  the  only  available  energy 
for  this  purpose  would  be  that  contained  in  the  exhaust 
steam  from  the  blowing  engine,  which  might  amount  to 
aboijt  500  kilowatts. 

Using  gas  engines,  say,  of  the  Fullagar  type,  both  for 
the  blower  and  for  generating  plant,  it  would  be  possible 
to  obtain  a  very  fair  margin  of  power.  The  blower  would 
require  from  700  to  1,000  horse-power,  depending  on  the 
pressure  of  the  blast,  so  that,  say,  9,000,000  B.Th.U.  per 
hour  would  be  thus  disposed  of.  The  remaining  24|- 
million  B.Th.U.  per  hour  would  be  capable  of  generating 
roughly  2,000  kilowatts,  of  which  some  200  kilowatts  would 
be  sufficient  to  drive  the  furnace  hoist,  pumps,  etc.  There 
would  then  be  1,800  kilowatts  available  for  outside  use. 

In  this  case  the  gas  engine  presents  the  only  satisfactory 
solution  of  the  problem,  and  it  is  in  conjunction  with  blast 
furnaces  that  it  has  up  to  now  found  its  greatest  field. 
Many  large  power  installations  of  this  kind  have  been  laid 
down  both  in  Germany  and  the  United  States,  and  have 
been  in  successful  operation  for  some  years. 

There  are,  however,  certain  limitations  which  must  be 
remembered  in  connection  with  the  use  of  this  gas.  Chief 
among  these  is  the  difficulty  of  transmission.  The  pressure 
at  which  the  gas  comes  from  the  furnace  being  low,  and 
the  density  being  considerably  greater  than  that  of  coke- 
oven  gas,  it  is  impracticable  to  transmit  the  gas  more  than 
200  or  300  feet  without  using  some  special  apparatus  for 
the  purpose.  This  apparatus  may  take  the  form  of  a 
compressor  at  the  furnace  end  of  the  pipe  line,  or  an 
exhauster  in  the  power  house.  In  either  case,  unless  the 
station  can  be  built  close  to  the  furnaces,  an  expensive 
item  is  added  to  the  installation.  It  will  be  seen,  therefore, 
that  the  choice  of  site  plays  an  important  part  in  the 
success  of  such  a  scheme,  as  if  no  site  is  available  near 
the  furnace;s  it  may  seriously  affect  the  validity  of  tlie 
undertaking. 

The  question  of  waste  energy  has  so  far  been  dealt  with 
rather  from  the  mechanical  point  of  view  in  order  to  make 
as  clear  as  possible  the  various  forms  of  energy  available 
and  the  methods  generally  adopted  to  make  use  of  them. 
It  is  now  proposed  to  look  at  the  subject  more  from  the 
electrical  side,  and  endeavour  to  determine  the  main 
factors  governing  the  employment  of  the  power  thus 
derived. 

Consider,  for  example,  the  case  of  a  colliery  with  coke- 
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longer  be  burned  under  boilers,  but  would  bo  converted 
into  coke,  wliich  could  be  sold  together  vvilh  the  valuable 
sulphate  and  benzole  products.  The  gas  could  then  be 
utilized  in  gas  engines  for  generating  electricit)-.  The 
success  of  such  a  scheme  would  doubtless  largely  depend 
on  the  capital  expenditure  necessary  and  the  sale  price 


of  by-products — a  very  variable  and  speculative  amount — 
but  when  it  is  reniemberedi  that  coke  ovens  are  being  put 
down  at  the  present  time,  the  sole  payment  being  the 
In'-products  for  a  term  of  years,  it  appears  that  with 
the  advance  in  the  reliability  in  large  gas  engines,  the  idea 
m.ay  in  time  become  practicable. 


MODERN    POWER-HOUSE    CONDENSING    PLANT. 


By  Arthur  Arnold,  Student. 

{Abstmct  of  Paper  vc.id  before  tlie  Students'  Section  17  Febrnaiy,  1915.) 


In  the  present  state  of  central-station  practice  with 
steam-driven  prime-movers  condensing  plant  is  of  great 
importance  for  economical  operation,  and  on  that  account 
deserves  close  attention  from  all  who  would  advance  the 
use  of  electrical  energy.  The  economy  of  operation  is 
second  only  to  the  saving  of  capital  which  is  frequently 
effected  by  the  provision  of  condensing  plant.  It  is,  how- 
ever, possible  to  spend  too  much  capital  upon  condensing 
gear ;  the  precise  figure  depends  upon  the  water  facilities 
available  and  the  load  factor  at  which  the  plant  will 
operate,  and  such  figure  may  be  readily  calculated  for 
given  circumstances. 

With  reciprocating  engines  as  prime-movers  the  size  of 
valve-gear  and  exhaust  passages  imposes  a  limit  upon  the 
expansion  of  the  steam,  and  the  ratio  of  exhaust  to  initial 
volume  of  steam  in  a  cylinder  seldom  exceeds  15,  while  in 
tuj  bine  practice  it  often  reaches  150.  The  wire-drawing 
effect  in  the  valve  passages  and  the  evils  of  re-evaporation 
have  resulted  in  the  adoption  of  a  vacuum  of  the  order  of 
25  inches  of  mercury  as  a  standard  for  reciprocating  plant, 
but  with  turbines  the  lower  the  pressure  the  more 
efficientl}-  the  exhaust  steam  can  be  utilized,  so  that  the 
maximum  vacuum  obtainable  is  desirable.  In  practice 
onl}'  some  50  per  cent  of  the  improvement  which  might 
be  expected  theoretically  is  attainable,  but  even  so  the 
\  in.  decrease  in  back  pressure  represented  by  an  increase 
in  the  vacuum  from  29  to  29J  inches  (Bar.  =  30  inches) 
gives  about  7  to  8  per  'cent  improvement  in  the  steam 
consumption  of  turbine  plant ;  whilst  an  increase  from 
28  to  2Q  inches  gives  some  5  to  6  per  cent,  and  from  27 
to  28  inches  about  4  per  cent  improvement.  For  further 
consideration  of  this  point  reference  should  be  made  to 
the  recent  paper  by  Mr.  Stoney,  read  before  the  Institution 
of  Mechanical  Engineers.* 

This  property  of  steam  turbines  has  been  a  large  factor 
in  stimulating  interest  in  condenser  practice,  and  high 
efficiency  is  now  insisted  upon. 

The  function  of  a  condenser  is  to  increase  the  differ- 
ence of  temperature  between  the  inlet  and  exhaust  of  the 
fluid  used  in  a  heat-engine,  by  lowering  the  exhaust 
temperature.  Incidentally,  of  course,  this  improves  the 
efficiency  of  the  heat-engine.    The  lowest  exhaust  tempera- 

•  G.  G.  Ston'EY.  The  effect  of  vacuum  in  steam-turbines.  The 
IiisUluiion  of  Mechanical  Evginccn,  Proceedings,  p.  741,  Parts  3-4,  1914. 


ture  is  directly  dependent,  naturally,  upon  the  temperature 
of  the  available  cooling  water,  and  therefore  it  is  impos- 
sible to  obtain  high  vacua  and  the  highest  efficiency  if 
only  comparatively  warm  water  be  used.  Neglecting  air- 
leakage,  all  that  would  be  necessary  to  obtain,  say,  a  29  in. 
vacuum  would  be  a  mean  circulating-water  temperature  of 
about  75°  F. — a  very  usual  figure — and  furthermore  no  air 
pump  would  be  required.  With  air  present,  as  is  inevitable 
in  practice,  by  Dalton's  Law  the  total  pressure  in  a  con- 
denser is  equal  to  the  sum  of  the  partial  pressures  due  (i) 
to  the  vapour,  corresponding  to  the  temperature' just  as 
though  no  air  were  present,  and  (2)  to  the  air,  as  if  alone. 
If  the  pressure  corresponding  to  the  temperature  of  the 
condensate  be  equal  to  the  total  pressure,  then  the  partial 
pressure  of  the  air  must  be  zero  and  no  air  pump  could 
remove  its  infinite  volume.  Thus  for  the  air  to  have  an 
appreciable  partial  pressure,  the  temperature  maintained 
must  be  lower  than  would  be  necessary  were  no  air 
present,  and  the  use  of  air  pumps  is  involved. 

The  amount  of  air  carried  over  from  the  boilers  with  the 
steam  is  of  the  order  of  o'5  to  I'o  lb.  per  i,ooo  lb.  of  steam, 
while  injection  water  in  jet  condensers  introduces  about 
2^  lb.  per  1,000  gallons.  Aeration  of  feed  water  should 
therefore  be  guarded  against ;  if  the  feed  be  directly 
heated  at  atmospheric  pressure  before  injection  into  the 
boilers  the  effect  is  minimized.  Leakages  are  another 
cause  of  the  presence  of  air  in  a  vacuum  system.  If  at 
any  time  the  air  entering  a  condenser  exceeds  that  which 
the  air  pump  removes,  the  condenser  gradually  becomes 
"air-logged,"  and  the  effect  is  cumulative  until  the  vacuum 
drops  to  a  point  at  which  the  air  is  of  such  greater  densitj' 
that  the  air  pump  can  remove  it  as  quickly  as  it  enters. 
Hence  the  great  importance  of  preventing  as  far  as 
possible  all  extraneous  leakages.  Professor  Weighton's 
"  air  gauge "  provides  an  effective  check  upon  the  air 
passing  through  a  condenser. 

The  relation  of  various  commercial  types  of  condensing 
plant  may  be  shown  as  below.  In  practice  the  choice  of 
the  type  of  plant  is  frequently  narrowed  by  individual 
circumstances,  and  due  weight  must  always  be  given  to 
the  many  factors  involved. 

When  a  good  supply  of  water  suitable  for  boiler  feeding 
is  available  a  jet  condenser  may  be  an  excellent  proposi- 
tion.   The  disadvantage  of  this  class  is  that  the  condensate 
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availability  of  the  soft  distilled  condensate  for  boiler 
feeding. 

The  evaporative  is  anbther  form  of  surface  condenser. 
In  this  type  the  exhaust  flows  into  stacks  of  tubes  about 
4  inches  diameter  exposed  to  the  atmosphere,  and  over 
which  a  small  quantity  of  water  is  distributed.  Heat  units 
corresponding  to  the  latent  heat  are  taken  up  from  the 
tubes  by  that  portion  of  the  cooling  water  which  evapo- 
rates, and  so  only  a  small  quantity  need  be  used,  and  it 
mav  be  of  relatively  high  temperature.  The  amount  of 
water  circulated  is  about  lo  times  that  of  the  steam  being 
condensed,  and  of  this  the  equivalent  of  about  two-thirds 
of  the  condensate  is  evaporated  and  must  be  made-up. 
The  plant  is  thus  particularly  suitable  for  localities  with 
poor  or  dear  water  supplies,  and  further  the  power  demands 
are  quite  small,  since  but  little  water  is  circulated  and  that 
at  a  head  of  only  about  lo  feet.  If  cooling  towers  would 
be  necessary  with  ordinary  surface  condensers  to  furnish 
sav  a  28-in.  vacuum  for  a  turbine  installation,  it  will  be 
found  that  the  overall  mechanical  eflicicncy  of  a  station 
with  evaporative  condensers  under  the  same  conditions 
would  not  suffer  if  the  vacuum  were  reduced  to  about 
27  inches,  whilst  a  higher  hot-well  temperature  would 
result.  This  is  because  the  saving  in  pumping  power 
would  offset  the  decrease  in  efficiency  of  the  turbine. 

On  light  loads  evaporative  condensers  are  often  operated 
without  any  circulating  water  at  all,  and  trouble  from 
leaky  joints  is  quite  unusual.  On  the  other  hand  the 
plant  is  relatively  expensive  in  first  cost,  and  in  large 
capacities  tends  to  become  unwieldy  in  size. 

Air  Pumps. 

The  many  tj'pes  of  air  pumps  on  the  market  bear  testi- 
mony to  the  great  deal  of  thought  and  ingenuity  given 
to  their  design.  It  is  realized  that  the  compromise  design, 
at  one  time  rather  popular,  in  which  the  condensate  tem- 
perature is  sacrificed  for  the  sake  of  minimizing  the  size  of 
the  air  pump  is  an  inefficient  expedient,  and  separate  air 
and  water  extraction  pumps  are  coming  into  extensive  use. 

The  question  of  motor  versus  steam  drive  for  these  and 
other  auxiliaries  must  be  settled  by  individual  circum- 
stances, but  with  rotary  pumps  there  is  much  to  be  gained 
by  collective  drive  by  small  auxiliary  turbines. 

The  paper  deals  with  the  following  forms  of  air  pumps  : 
Reciprocating  dr3'-air  pumps  with  "  trick "  valve  gear  ; 
marine  type;  Edwards  type;  Weir's  "dual"  pump; 
Mirlees-Leblanc  "  Multijector  "  ;  Parson's  "augmentor"  ; 
the  Kinetic  air-pump  system  ;  the  Worthington  hydraulic 
vacuum  pump  ;  Rees-Roturbo  rotary  air  pump ;  the 
Leblanc  air  pump;-  the  Wheeler  or  A. E.G.  rotary  air 
pump,  and  their  combined  type  ;  and  the  Josse-Miiller 
ejector  afr  pump  (Willans  and  Robinson). 

Rotary  v.  reciprocating  air  pumps. — There  can  be  little 
d.  ubt  that  the  rotary  principle,  applied  not  only  to  main 
units  but  to  au.xiliaries  as  well,  is  an  enormous  advance. 
The  cardinal  features  of  rotary  plant  are  simplicity  and  the 


elimination  of  the  numerous  valves  and  details  inseparable 
from  reciprocating  motion,  thus  tending  to  reliability. 
The  volume  of  a  gas  varies  inversely  as  its  absolute 
pressure,  so  that  with  large  units  and  high  vacua  the 
reciprocating  pump  must  be  of  cumbersome  dimensions  ; 
there  is  then  a  distinct  saving  in  floor  space  and  capital 
and  a  large  gain  in  accessibility  with  rotary  pumps,  though 
many  engineers  doubt  whether  the  efficiency  is  much 
enhanced.  With  motor-driven  reciprocating  pumps, 
either  expensive  gears  must  be  used  or  tlic  motor  must 
be  of  abnormal  size  and  cost  to  obtain  the  low  speed 
required  ;  a  turbine  drive  for  such  pumps  is  almost 
impossible.  The  elimination  of  clearance  losses  gives 
the  rotary  type  another  advantage. 

Instability  is  often  urged  against  rotary  pumps.  While 
in  some  of  the  earlier  plants  there  undoubtedly  was 
trouble  from  this  cause,  it  has  been  altogether  over- 
come, and  present-day  practice  shows  that  no  apprehen- 
sion need  be  felt  upon  this  score.  The  term  "  rotary  '' 
is  often  applied  to  air  pumps  which  are  really  water 
ejectors  entraining  air,  but  it  would  appear  that  the  usage 
is  justifiable,  since  centrifugal  pumps  are  used  without 
exception  to  suppl}'  the  water  and  the  reciprocating 
principle  has  been  eliminated.  There  is,  however,  still 
considerable  room  for  improvement  in  the  manufacture 
of  rotarj'  pumps.  One  point  of  especial  importance  in 
power-station  work  is  the  reduction  of  the  time  which 
is  now  necessary  with  some  rotary  pumps  for  the  creation 
of  the  vacuum. 

It  is  of  interest  to  note  that  several  makers  of  modern 
rotary  air  pumps  have  obtained  on  test  a  higher  degree  of 
rarefaction  than  that  corresponding  to  the  vapour  tension 
of  the  water  in  use.  This  can  be  explained  only  by  sur- 
mising that  at  the  very  low  pressures  attained  the  evapora- 
tion from  the  exposed  surface  film  of  the  water  is  sufficient 
to  cool  this  film  materially,  and  that  since  the  velocity  of 
the  water  in  such  pumps  is  very  high,  and  water  itself  is 
such  a  poor  conductor  of  heat,  sufficient  time  does  not 
elapse  for  the  process  of  conduction  to  become  appreci- 
able, so  that  the  absolute  pressure  obtained  corresponds 
to  the  temperature  of  the  surface  film  and  is  lower  than 
that  corresponding  to  the  vapour  tension  of  water  at  the 
mean  temperature  of  the  mass  of  the  water  in  use. 

Tendency  of  progress. — The  tendency  of  recent  practice 
is  towards  the  elimination  of  reciprocating  pumps,  and 
aims  at  increased  simplicity  of  parts.  Doubtless  this  ten- 
dency will  continue,  and  the  future  may  see  even  greater 
progress. 

Overall  efficiency  is  being  studied  more  than  formerl}', 
and  it  may  well  be  that  individual  circumstances  will 
become  more  important  factors  in  the  choice  of  plant, 
and  not  so  much  the  abstract  or  intrinsic  merits  of  a 
particular  apparatus.  A  further  point  which  is  exerting 
considerable  influence  is  that  with  very  high  vacua  and 
even  maximum  efficiency  in  the  condensing  plant  the  hot- 
well  temperature  will  be  low  enough  to  cause  sweating  on 
economizer  tubes. 
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intervals  is  made,  each  in  the  form  of  a  saiall  circular  spot, 
forming  only  a  small  percentage  of  tlic  total  area  in  con- 
tact, the  diameter  of  the  spots  varying  from  about  ^  inch 
to  J  inch  according  to  the  gauge  of  tlic  plate.  Diagrams 
B,  C,  D,  and  E,  Fig.  i,  illustrate  various  methods  and 
types  of  electrodes  for  spot  welding. 

Sciiin  itr/<//;i^.— By  this  process  two  sheets  of  wrouglit 
iron  or  steel  are  welded  together  along  the  edge  by  a  con- 
tinuous lap  weld.  The  various  methods  adopted  are  illus- 
trated in  diagrams  A,  B,  C,  and  D,  Fig.  2.  The  electrodes, 
it  will  be  seen,  consist  of  two  rollers,  or  one  roller  and  a 
tixed  plate. 

Plates  varying  in  thickness  from  o'25  mm.  to  about 
3'5  mm.  can  be  quite  successfully  seam-welded  at  a  rate 
of  about  I  foot  per  minute,  with  a  consumption  of  electrical 
energv  of  o'2  to  0*4  unit  per  foot.     The  provision  of  the 


Fig.  I. 

current  required,  which  varies  from  about  50  amperes  in  a 
small  wire  welder  to  about  75,000  amperes  in  a  large  tyre 
welder,  is  one  of  the  greatest  difficulties  with  which  the 
introduction  of  electric  welding  has  to  contend.  The 
aUernating-current  transformer,  however,  provides  the 
manufacturer  with  an  economical  means  of  obtaining  a 
very  large  current  under  excellent  control. 

Whatever  the  source  of  current,  the  latter  is  transformed 
down  to  a  pressure  of  2  or  3  volts  in  a  special  transformer 
which,  almost  without  exception,  forms  part  of  the  welding 
machine  itself.  The  secondary  winding  is  usually  in  the 
foi  m  of  a  copper  casting,  within  which  the  primary  wind- 
ing and  magnet  stampings  are  assembled.  The  two 
terminals  of  the  secondary  winding  are  fitted  with  suitable 
devices  for  holding  the  material  to  be  welded  and  for 
transmitting  the  current,  the  actual  form  varying  with  the 
design  of  machine  and  the  class  of  work  for  which  it  is 
required. 

The  method  of  working,  whether  in  butt-welding,  spot, 
or  seam  welding,  is  in  all  cases  the  same.     The  parts  to  be 


united  arc  gripped  in  tlie  clamps  or  placed  between  the 
electrodes  and  brought  into  contact.  This  operation  may 
be  accomplished  in  numerous  ways  according  to  the  type 
of  machine.  Generally  speaking,  however,  one  of  the 
clamps  or  electrodes  is  a  fixture,  and  the  other  is  so 
mounted  that  it  can  be  pressed  during  welding  towards 
the  other,  either  by  hand  or  by  some  mechanical  means. 

The  switching  on  of  the  current  can  be  done  either  by 
the  operator  independently  or  automatically  by  the 
machine,  and  whatever  time  may  be  necessary  to  bring 
the  material  up  to  a  welding  heat  the  current  is  inter- 
rupted as  soon  as  this  point  is  reached.  Herein  lies  one  of 
the  great  advantages  of  resistance  welding  ;  it  never  con- 
sumes energy  unless  work  is  done. 

Again,  the  interruption  of  the  current  at  the  critical 
instant  is  also  achieved  in  several  ways,  either  by  the 
operator  or  automatically  by  the  machine.  Immediatelj'  the 
current  is  cut  off,  and  the  production  of  heat  accordingly 
interrupted,  the  upsetting  or  shutting  of  the  weld  takes 
place  by  continuing  or  increasing  the  mechanical  pressure 
first  apphed  to  bring  the  two  parts  into  contact. 

The  fundamental  basis  of  resistance  welding,  viz.  the 
use  of  very  large  currents,  limits  its  field  of  application 
therefore  to  repetition  work,  where  it  reigns  supreme  by 
virtue  of  its  simplicity,  speed,  reliabiUty,  and  great 
economy.  Fig.  3  shows  two  curves  for  the  butt-welding 
of  copper.     Curve  A  gives  the  consumption  in  kilowatts 


Fig.  2. 

per  weld,  while  curve  B  shows  the  time  required  in 
seconds  per  weld. 

Fig.  4  shows  similar  curves  for  seam-welding  iron,  or 
mild-steel  sheets. 

A  number  of  precautions  are  necessary  in  order  to 
ensure  an  economical  and  reliable  weld.  The  metal 
should  be  very  clean,  the  clamps  must  be  set  tightly  on 
the  pieces,  and  the  contact  surfaces  must  be  as  large  as 
possible.  If  the  contact  at  the  clamps  is  imperfect  the 
clamps  will  become  very  hot. 

The  distance  between  the  clamps  varies  with  the  kind 
of  metal  to  be  welded  and  with  its  cross-section.  Gene- 
rally speaking,  for  iron  this  distance  is  twice  the  diameter 
of  the  metal,  for  brass  three  to  three  and  a  half  times  the 
diameter,  and  for  copper  four  to  four  and  a  half  times  the 
diameter.  Different  metals  require  somewhat  different 
treatment.  Steel,  pure  copper,  and  similar  metals  should 
be  handled  with  care.  They  must  be  heated  quicklj',  but 
if  overheated  they  will  lose  their  structure.     Pressure  at 
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respective  conductivity  ol  the  metals.  Thus  for  copper 
and  iron  the  iron  clamp  would  Ic  placed  one  diameter 
away  from  the  end  of  the  iron  and  the  copper  clamp  three 
diameters  away  from  the  copper  piece  towards  the  joint. 
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Iiernardos  system,  the  carbon  electrode  in  ■' -  '-.-■i-T 
>v»tcm  Ivring  replaced  by  a  metal  clectriJe.  » ' 

'!s  and  supplies  the  extra  metal  for  tii::u^  m  or 
up. 

1 
ad\ 

(Peculiar   action  01    the  arc   the  metal   li  .: 

electrode  is  carried  on  to  (' '    »     1   m    . 
making  it  possible  to  work 
vertical  wall  as  well  as  on  a  isf:  .-.i.iai  -u^i.-ic 
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Machinery  and  Appakatus. 

When  it  is  required  to  operate  several  arcs  in  parallel, 
the  dvnanio  should  preferably  be  sliglilly  over-compounded 
so  as  to  give  a  voltage  of  about  90  volts ;  in  this  case,  how- 
ever, a  large  resistance  is  required  in  series  with  each  arc. 
When,  however,  only  one  arc  is  to  be  emplo^-ed,  the 
machine  can  with  advantage  be  wound  to  give  approxi- 
mately the  correct  working  voltage  and  to  have  a  drooping 
voltage  characteristic.  The  accessories  consist  of  leads, 
switches,  control  apparatus,  an  insulated  holder  of  light 
construction,  carbon  pencils  from  6  inches  to  12  inches 
long  and  ranging  from  f  inch  to  1}  inches  in  diameter  to 
suit  the  work  in  hand,  protective  gear  for  the  workman, 
such  as  rubber  gloves,  a  hood  of  stove-pipe  or  of  wood  for 
the  head,  and  screened  glasses  consisting  of  a  combination 
of  red  and  green  glass  vvhicli  has  the  advantage  of  not 
cutting  off  too  much  light  while  rejecting  the  harmful 
ultra-violet  rays. 

The  usual  operation  with  the  metal  electrode  requires 
continuous  current  of  from  50  to  200  amperes  with  a 
voltage  drop  across  the  arc  of  from  25  to  40  volts.  A 
stead3'ing  resistance  is  generally  employed  in  series  with 
the  arc.  The  metal  pencil  is  usually  about  3/16  inch  thick 
and  is  attached  to  the  positive  pole  of  the  circuit,  the 
article  to  be  welded  being  connected  to  the  other  pole 
of  the  circuit. 

Applications. 

The  possible  applications  of  electric-arc  welding  are  far 
too  numerous  to  be  described  in  detail  here,  but  some  of  the 
more  important  are  the  repairing  of  boilers,  the  welding 
of  fractured  cylinders  and  journal  bo.xes,  engine  frames, 
steel  castings,  broken  shafts,  etc. 

One  of  the  most  impressive  and  most  successful  applica- 
tions of  the  arc-welding  process  is  to  be  found  in  the 
manufacture  of  steel  barrels  and  casks,  and  drums  of  all 
shapes  and  sizes.  The  steel  barrel  and  other  companies 
turn  out  many  hundreds  of  receptacles  every  year,  all 
electricall}'  welded,  for  the  storage  of  the  most  penetrating 
and  searching  liquids,  such  as  benzine,  bisulphide  of  carbon, 
strong  sulphuric  acid,  petroleum,  etc.,  such  vessels  being 
absolutely  free  from  leakage  or  evaporation.  These  vessels 
are  capable  of  withstanding,  entirely  unsupported,  ex- 
tremely high  pressures  such  as  4,000  lb.  per  square  inch. 

The  sheet  steel  is  rolled  into  shape,  fixed  on  the  anvil 
with  the  loose  parts  abutting  and  the  joint  heated  with  the 
arc  to  a  welding  heat,  new  metal  being  added  to  thicken 
the  joint.  When  the  desired  degree  of  heat  is  attained  the 
welder  puts  aside  his  carbon,  applies  the  swage  shown  in 
Fig.  2  and  so  toughens  the  weld. 

The  method  of  fixing  the  ends  is  interesting.  The  ends 
are  slightly  dished,  flanged  outwards  (generally),  inserted 
int..  the  ends  of  the  body,  and  a  band  of  like  material 
dropped  over  the  outside  and  inside  the  flange,  flush  with 
the  ends. 

In  preparing  work  for  welding,  serious  consideration  is 
needed  if  internal  stresses  due  to  contraction  are  to  be 
avoided.  Thus  if  a  fracture  in  a  plate  which  is  tied 
all  round  is  heated  in  the  immediate  vicinity  to  about 
750=  F.  and  the  fracture  fused  or  tilled  in  with  new  metal 
and  allowed  to  cool  off,  the  recently  heated  metal  will 
tend  to  tear  apart  or  remain  in  tension.  Such  tension  is 
rarelj'    directed    along    definite    lines,   but   is  irregularly 


distributed  and  therefore  most  liable  to  result  in  fracture. 
Hence,  if  a  fracture  in  a  plate  is  to  be  repaired  by  welding, 
the  plate  should  be  as  free  as  possible  to  expand,  and  if  it 
is  to  be  welded  into  an  existing  frame  or  body,  the  plate 
should  be  slightly  domed  and  have  a  clearance  of  about 
^  inch  to  3/16  inch  all  round. 

It  is  worth  noting  that  the  greatest  expansion  takes  place 
along  the  grain  of  the  metal. 

If  the  two  plates  are  butted  together  and  a  butt  strap 
welded  over  them,  there  will  be  a  stress  in  cooling  due  to 
the  contraction  of  the  strap  forcing  the  butted  ends 
together.  In  order  to  avoid  all  stress  a  space  should 
be  left  between  the  plates. 

These  are  typical  cases,  which  may  be  multiplied  in 
practice,  but  are  merely  intended  to  illustrate  the  author's 
meaning. 


Line  of  break 


Fig.  5. — Cast-steel  Crankshaft  Broken  off  between  the  Web, 
repaired  by  the  Electric-arc  Welding  Process. 

Dotted  lines  represent  ends  prepared  for  welding. 


This  process  is  widely  adopted  for  welding  wrought  iron 
and  steel  pipes,  many  complicated  arrangements  of  branch 
pipes  being  easily  dealt  with.  Broadly  speaking,  the  same 
kind  of  material  is  used  for  filling  in  as  in  the  structure 
worked  upon,  but  it  is  preferable  to  secure  material  contain- 
ing certain  elements  which  help  to  increase  the  strength  or 
softness  of  the  weld.  Metallic  pencils  of  alloys  of  steei 
such  as  manganese  steel,  nickel  steel,  vanadium  steel, 
sihcon  steel,  etc.,  are  excellent  electrodes  for  reinforcing 
certain  welds. 

In  general  the  process  of  preparing  the  fractures  or 
joints  for  welding  is  the  same  in  all  cases,  namely  in  pre- 
paring a  cavity  large  enough  to  allow  for  working  the 
metal  before  starting  to  weld. 

Cracks  in  plating  or  structures  must  first  be  chipped  out 
to  the  solid  metal  with  a  chisel,  or  burned  out  with  the 
graphite  electrode,  and  a  V-groove  formed,  which  is  filled 
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the  author's  company,  which  were  carried  out  to  the 
satisfaction  of  the  surveyors  of  the  Board  of  Trade, 
Lloyd's  Register,  and  the  various  Classification  and  Boiler 
Insurance  Societies,  this  being  the  best  guarantee  of  their 
reliability  and  etTiciency. 

Taisle  I. 
Chemical  Analyses. 


Electrically  Welded 

Acetylene  Welded 

Unwelded 
Metal 

Welded 
Joint 

Unwelded 
Metal 

Welded 
Joint 

Silicon       

Per  cent 
0-009 

Per  cent 
0-003 

Per  cent 
0009 

Per  cent 
0002 

Carbon      

o'lS 

Trace 

0-15 

Trace 

Sulphur     

0-025 

0-020 

0-085 

0-071 

Phosphorus 

0-068 

0-043 

o-o68 

0-067 

Manganese 

0-64 

0-27 

0-49 

o'34 

Iron  (by  difference) 

99-108 

99664 

99-198 

99-520 

lOOOOO 

loo-ooo 

1 00 -000 

loo-ooo 

Table  2. 

Mechanical  Tests  on  Eleclrically-welded  Steel  Plates  witli  a 
Nominal  Strength  0/56,000  lb.  per  sq.  in. 


P.ate 
Thicknesses 

Elastic  Limit. 
Lb.  per  sq.  in. 

Tensile 

Strength. 

Lb.  per  sq.  in. 

Elongation. 

Per  cent  in 

8  in. 

Efficiency. 
Per  cent 

1  in. 
i  in. 

40,930 

'44.930 
40,160 

54.650 

S3 .020 
51,280 

o'45 

5'7S 

4'75 

97-6 

947 
916 

XOTE. — The  elongntion  in  the  welded  material  was  less,  of  course, 
than  in  the  original  stock  because  it  is  less  librous,  but  its  ductility 
could  be  improved  by  hammering  after  welding,  and  this  is  frequently 
done  with  heavy  sections  like  side  frames,  steel  castings,  etc. 

Fig.  6  illustrates  repairs  effected  to  the  main  boilers 
of  a  large  cargo  vessel.  The  fractures  extending  circum- 
ferentially  in  the  radius  flange  of  the  front  ends  of  the 
boilers  were  cut  out  to  the  full  section  of  the  plating,  veed 
out  and  welded  up  as  shown,  partly  from  the  water-side 
and   partly  from   the   outside.     The   landings   were   then 


built  out  and  extended  over  the  fractures  so  as  to  strengthen 
the  whole  flange.  Also  the  wasted  and  defective  plating 
of  and  in  the  way  of  the  manholes  was  built  up  solid 
as  shown  and  the  doors  refitted. 

Fig.  7  illustrates  repairs  effected  to  the  main  boilers  of  a 
large  passenger  liner. 

When  using  the  metallic  system  it  is  very  necessary  to 
begin  at  the  bottom  and  hammer  up  the  metal  as  the  work 
proceeds.  With  this  system  welds  can  be  made  to  stand 
from  22  to  38  tons  per  square  inch  with  elongations  of 
15  to  25  per  cent  and  elastic  limits  of  12  to  30  tons  per 
square  inch. 

Tables  i  and  2  show  the  effects  of  welding  upon  the 
metal,  tests  on  oxyacetylene-welded  samples  being  in- 
cluded to  facilitate  comparison.  For  these  analyses 
drillings    were    obtained    from    the   welded   joints.     The 

Table  3. 

Mechanical  Tests  on  Riveted,  Arc-welded,  and  Acetylene- 
welded  Joints. 


Breaking 
Strain 

Length 

after 

Breaking 

Efllciency 

Original  piece  of  steel  plate 

Lb. 
58,600 

In. 
8-80 

Per  cent 

97-66 

Lap  joint,  electric  arc-welded 

54,800 

894 

91-33 

Lap  joint,  riveted  and  welded 

54,200 

9-22 

9033 

Btttt  joint,  electric  arc-welded 

47,800 

8-28 

9766 

Butt  joint,  acetylene-welded 

36,800 

S-23 

61-33 

Lap  joint,  riveted  only 

35,000 

— 

58-33 

The  nominal  strength  of  the  steel  plates  was  60,000  lb.  per  square 
inch. 

plates  were  tested  mechanically  both  longitudinally  and 
transversely  along  the  welded  joints,  and  for  comparison 
along  the  unwelded  metal.  The  results  of  the  mechanical 
tests  of  the  unwelded  metal  are  the  mean  values  of  three 
samples.  The  chemical  analj'sis  and  also  the  mechanical 
tests  were  specially  made  by  Mr.  F.  C.  Tipler,  Chief 
Chemist  in  the  locomotive  department  of  the  London  and 
North-'Western  Railway  at  Crewe. 

In  order  to  test  the  relative  values  of  riveted,  electric 
arc-welded,  and  acetylene-welded  joints,  a  set  of  samples 
was  made  up  and  tested,  with  the  results  shown  in  Table  3. 
The  pieces  of  steel  plate  were  all  |  inch  thick  and  8  inches 
ong  in  the  straight  section.  By  reinforcing  at  the  weld 
practically  any  efficiency  can  be  obtained. 
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Associate  Members — continued 
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Queen's  Westminster  Rifles 

Lieutenant 

Metcalf,   Rev.    F. 

Royal  Navy 

Chaplain 

Porter,  T  Y. 

East  Lancashire  .-V.S.C. 

2nd  Lieut. 

W.  R. 

Potts,  T.  F. 

Royal  Engineers 

Staff  Sergeant 

Newman,  J.  E. 

London  Electrical  Engineers 

Sapper 

Prendergast,      H. 

Railway  Transport  Depf. 

2nd  Lieut. 

R.E. 

H.  L. 

Quennell,  W.  A. 

.4rmy  Ordnance  Dept. 

Captain 

Preston,  E.  B.  C. 

32nd  Sikh  Pioneers 

2nd  Lieut. 

Saltren-Willett.A.J.  Royal  Garrison  Artillery 

Lieut.-Col. 

Price,  A.  R.  P. 

Reserve  of  Officers,  Indian 
Army 

2nd  Lieut. 

Graduates. 

Prichard,  W.  C.  H. 

Royal  Engineers 

Captain 

Baldock,  G.  J. 
Cater,  F.  L. 

Australian  Artillery 

Gunner 

Restler,  J.  D.  K. 

Royal  Naval  Division 

Sub-Lieut. 

Army  Service  Corps 

Private 

Roberts,  G.  B. 

Royal  Engineers 

Major 

Cross,  H. 

20th    Battalion,    Australian 

Lieutenant 

Robertson,  A.  M. 

Renfrewshire  (Fortress)  R.E. 

2nd  Lieut. 

Force 
Bombay  Volunteer  Rifles 

Robinson,  E.  G. 

Royal  Navy 

Commander 

Davies,  F.  C. 

Private 

Seeley,  C.  G. 

Inns  of  Court,  O.T.C. 

Trooper 

Day,  I. 

Hong-Kong  Volunteer    Re- 

Sapper 

Simpson,  R.  C. 

39th     Infantry,     Australian 

Lieut.-Col. 

serves 

Militia 

Feloy,  J.  P. 
Graham,  G.  E.  F. 

Royal  Garrison  Artillery 

Lieutenant 

Slack,  D.  H. 

Kent  (Fortress)  R.E. 

2nd  Lieut. 

Royal  Australian  Navy 

Wireless 

Smith,  Prof.  C.  A. 

Hong-Kong   Volunteer  Re- 

Corporal 

Telegraph 

M. 

serves 

Officer 

Smith,  F. 

Calcutta  Scottish  Volunteers 

Private 

Mansell,  L.  T.  G. 

Army  Ordnance  Dept. 

Lieutenant 

Smith,  T.  V. 

Royal  Flying  Corps 

2nd  Lieut. 

Medforth,  G.  T. 

Royal  Canadian  Engineers 

Sapper 

Smith,  W.  H. 

Royal  Engineers 

Captain 

Monks,  C.  E. 

loth  North  Staffordshire  Regt 

.  2nd  Lieut. 

Sorby,  V. 

Royal  Navy 

Chief      Petty 
Officer 

Owen,  R.  E.  L. 
Richards,  E.  A. 

Royal  Garrison  Artillery 
nth    York    and    Lancaster 

2nd  Lieut. 
2nd  Lieut. 

Stace,  R.  E. 

Royal  Engineers 

Captain 

Regt. 
New  Zealand  Engineers 

Starkey,  H.  A. 

Calcutta  Naval  Volunteers 

Lieutenant 

Saunders,  C.  W. 

Corporal 

Stewart,  W.  D. 

London  Scottish 

Lance-Corpl. 

Shaw,  W.  J. 
Wyatt,  E. 

Army  Service  Corps 

Lieutenant 

Strafford,  C. 

Hong-Kong   Volunteer  Re- 

Private 

Divisional  Engineers,  R.N.D. 

serves 

Wy  n  yard- Wright, 

27th  Light  Cavalry,  Indian 

2nd  Lieut. 

Thomas,  J.  H. 

Royal  Engineers 

2nd  Lieut. 

V.  L. 

Army 

Tilley,  F.  E. 

Divisional  Engineers,  R.N.D. 

Sapper 

Trevett,  C.  G. 

South     African      Engineer 
Corps 

Lieutenant 

Students. 

Tuct,  F.  L.  N. 

New     Zealand     Territorial 

2nd  Lieut. 

Aspland,  G.  D. 

West  Riding  Divisional  R.E. 

Lieutenant 

Force 

Baker,  H.  G. 

Divisional  Engineers,  R.N.D. 

Sapper 

Turpin,  A.  E. 

Royal  Field  Artillery 

2nd  Lieut. 

Begg-Robertson, 

8th  Essex  Regt. 

Walsh,  G.  L. 

30th     Battalion,     Canadian 

Private 

E.  D. 

Force 

Bishop,  B.  L. 

Royal  Anglesey  R.E. 

2nd  Lieut. 

Walton,  W.  H. 

Anti-Aircraft  Corps  (R.N.V.R. 

1  Able  Seaman 

Booker,  H. 

Divisional  Engineers,  R.N.D. 

Warren,  A.  G. 

Hong-Kong   Volun'eer  Re- 
serves 

Sapper 

Bower,  H.  A. 

Royal  Naval  Air  Service 

Flight  Sub.- 
Lieut. 

Webb,  P.  D. 

Calcutta  Scottish  Volunteers 

Private 

Carter,  F. 

Yorkshire  Hussars  Yeomanry  Trooper 

Whittington,  R.  H. 

20th  Royal  Fusiliers 

Lieutenant 

Clark,  R.  M. 

Divisional  Engineers,  R.N.D. 

Sergeant 

Wightwick,  H.  G. 

Singapore  Volunteer  Infantry 

2nd  Lieut. 

Clarke,  C.  V. 

nth  Devonshire  Regt. 

2nd  Lieut. 

Williams,  A.  P. 

Australian  Field  Engineers 

Sapper 

Clarke,  R.  St.  J. 

6th  Hawaki  Co.,  New  Zea- 

Private 

Williams,  R.  A. 

Royal  Engineers 

2nd  Lieut. 

land  Force 

Wilmot,  A.  C. 

Staff  for  R.E.  Services 

Lieutenant 

Clayton,  B.  C. 

Royal  Naval  Air  Service 

Flight 

Wilson,  J.  L. 

Glamorgan  (Fortress)  R.E. 

Lieutenant 

Sub-Lieut. 

Winkworth,  W. 

5th  Northumberland  Fusiliers 

2nd  Lieut. 

Dawnay,  C. 

6fh  Yorkshire  Regt. 

Wood,  A.  E.  G. 

Divisional  Engineers,  R.N.D. 

de  Grandpre,  I.G.D 

.  French  Army 

Corporal 

Young,  J. 

13th  Highland  Light  Infantry 
Associates. 

2ud  Lieut. 

Duckworth,  F.  F. 
Dunn,  R.  C. 

Hong-Kong  Volunteers 
New  Zealand  E.xpeditionary 
Force 

Gunner 

Abbott,  E.  K. 

Natal  Carbineers 

Trooper 

Eaddy,  C.  T. 

19th  Royal  Fusiliers 

Lance-Corpl. 

Bro.vn,  A.  E. 

New  Zealand  Garrison  Ar- 

Captain 

Fiske,  A.  R. 

20th  County  of  London  Regt. 

tillery 

Foote,  N.  V. 

2nd  Australian  Light  Horse 

Trumpeter 
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ASSOCIATE    MEMBERSHII'    KXAMINATIO.\, 
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Englisk  Essay 
Ttanilalion  from  t-nm': 


EXAMI.N'EKS 

..     C.  C.  Hawluiii.  M..A. 
H.  Borns.  Ph.D. 


.1tt!"l>lr<lianu.    ...  )      ,,^„f    H.  T.    Dav.d«e.  B.Sc. 

/'Ao.i>  ...         ...  S 


Chtmiiln' 

} 

L - 


..     Prof.  H.  Jackson,  F.C.S. 

}      P.  V.  Huniir. 
„         ,.inJroui-r\ 


El€(lrty.Cliemiiln        anJ 
Elt(lio-UeUllui^\ 

MitHniacluit    of  EUcInc 
Maihinery 


W.  K.  Cooper,  M.A.,  B.Sc. 
r>ro(.  U.  Walker,  MA. 


P.iis  List. 

Bums,  Sydney. 

Hatch,  William  A»hton. 

Jones,  Ri  - 

Viittra.  K  i. 

Shank>ter,  Ocuigc  ciiuilcs. 


THE    I.NSTITL'TIOS'    ELECTRIC.\L   yUSEUU. 

The  Couiu  A 

are  being  m  >  ( 

the  Institution  to  secure  in.  the   In-  e 

proper  display  of  the  historic  instru: -,,__. at 

which  have  been  secured  as  exhibits  for  its  Museum.  The 
collection  of  early  types  of  electric  supply  meters  in  the 
show  cases  in  the  ante-hall  outside  the  Librarv,  and  uf 
e;i! :  e 

no\>  .  ii 

to  the  list  ul    tcvi  ::ie  Museum  inciuOetl 

in  the  Annual  Rcj 

The  Committee  is  impressed  with  tbc  importance  to  the 
membership  of  securing  and  conser\nn;^  before  it  is  ico 
late,  actual  specimens  of  the  apparatus  used  in  the  eaily 
sta.         *   "'      iiidustiy.     At  ttie  pfe>eiu  lime  s> '  :.v 

rc'  '  Ills  are  taking;  place  in  works  a:  ^, 

and  lu  .  > 

out  of  ..  nI 

being  coiisi|4iicd    to  the  c 

has    therefore    diawn    up    1    :  ,  ,  -f 

historic  exhibits  for  the  Museum,  and  a  copy  is  eackMcd 
with  this  number  of  the  Jomtn.tt, 

A  copy  will  also  be  sent  to  anyone  likely  to  be  in  posses, 
sioii  of  ..      .  °:  be  so 

good  u-  .    st:c)l 

persons  tu  the  6tcictajy. 
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INSTITUTION   ANNOUNCEMENTS. 


EMPLOYMENT  OF    DISABLED    SAILORS   AND 
SOLDIERS. 

The  Council  desire  to  call  the  attention  of  members  to 
the  demand  for  employment  from  disabled  sailors  and 
soldiers.  The  number  at  present  requirins"  employment 
is  not  very  large,  but  it  may  increase  considerably  during 
the  next  few  months. 

The  Committee  which  deals  with  the  question  of  (he 
employment  of  these  men  is  The  Association  for  the  Em- 
ployment of  Ex-Soldiers,  1 19,  Victoria-street,  Westminster, 
London,  S.W.,  to  whom  all  applications  for  further  infor- 
mation and  libts  of  the  local  branches  of  the  Association 
should  be  addressed.  Many  of  the  men  could  no  doubt  after 
some  training  do  useful  work  as  switchboard  attendants. 

Attention  is  also  drawn  to  the  Report  of  the  Local 
Government  Board  Committee  upon  the  provision  of 
employment  for  sailors  and  soldiers  disabled  in  the  war, 
copies  of  which  can  be  obtained  from  any  bookseller, 
at  the  price  of  i^d.  each. 


COPY  OF  LETTER  FROM  THE  POLICE  DEPART- 
MENT .A.T  WELLINGTON,  NEW  ZEALAND. 

The  following  letter  has  been  received  by  Mr.  ]. 
Orchiston,  Local  Honorary  Secretary  and  Treasurer 
of  the  Institution  for  New  Zealand  : 

Police  Dep.artmext, 

Wellington. 

6  May,  1915 
Sir, 

With  reference  to  your  letter  of  the  8th  December  last 
and    subsequent   correspondence,   relative   to   the    letters 

A.M.I.E.E.  being  used  by ,  of ,  without  his  being 

entitled  to  do  so,  I  beg  to  inform  you  that was  con- 
victed of  this  offence  on  the  3rd  instant  and  fined  X5  and 
costs. 

The  two  copies  of  the  List  of  Members  of  the  Institution 
of  Electrical  Engineers  supplied  by  you  are  returned 
herewith. 

I  have  the  honour  to  be,  Sir, 
Your  obedient  servant, 

(Signed)     M.  Ellisox, 
Supt.  for  Commissioner  of  Police. 
J.  Orchisto.v,  Esq., 

Chief  Engineer  of  Telegraphs, 
Wellington. 


ACCESSIONS  TO  THE   REFERENCE   LIBRARY. 

B.AILLIE,  T.  C.  Electrical  engineering,  vol.  i.  Introduc- 
tory. 8vo.     244  pp.     Cambridge,  1915 

Bloxdel,  a.  Calcul  des  lignes  aiiriennes  au  point  de  vue 
mecanique  par  des  abaques.  [Editions  de  "  La 
Lumiere  Electrique"].  4to.     f)3  pp.     Pdn's  [1915] 

Canada.  Dept.  of  Mixes.  Mixes  Branch.  Annual 
report  on  the  mineral  production  of  Canada  during 
1913.  [By]  J.  McLeish.  8vo.  363  pp.  Ollaxva,  1914 
Researches  on  cobalt  and  cobalt  alloys,  condQcted  at 
Queen's  University,  Kingston,  Ontario,  pt.  2,  The 
physical  properties  of  the  metal  cobalt.  By  H.  T. 
Kalnius  and  C.  Harper.        8vo.     58  pp.     Ottawa,  uyi^ 

Creagh-Osborxe,  F.     The  magnetic  compass  on  land. 

sm.  8vo.     15  pp.     London,  1915 

Croft,  T.  Wiring  of  finished  buildings.  A  practical 
treatise,  dealing  with  the  commercial  and  the  tech- 
nical phases  of  the  subject,  etc. 

8vo.     286  pp.     New  York,  1915 

Engineering  Standards  Committee.  [Publications], 
no.  12,  70.     [no.  12,  revised].  fol.     London,  1915 

12,  Britisli  standard  specification  for  Portland  cement. 
70,  Report  on  British  standard  pneumatic  tyre  rims  for  auto- 
mobiles, motor  cycles  and  cycles. 

Fieldner,  a.  C,  and  others.  Analyses  of  mine  and  car 
samples  of  coal  collected  in  the  fiscal  years  19H  to 
1913.  [U.S.,  Dept.  of  the  Interior,  Bureau  of  Mines, 
Bulletin  85].  8vo.     454  pp.     Wasliington,  igj^ 

Frechette,  H.  Report  on  the  non-metallic  minerals 
used  in  the  Canadian  manufacturing  industries. 
[Canada,  Department  of  Mines,  Mines  Branch]. 

Svo.     207  pp.     Ottawa,  1914 

Gaster,  L.,  and  Dow,  J.  S.  Modern  illuminants  and 
illuminating  engineering.     Svo.    476  pp.    London,  igi^ 

Gillett,  H.  W.  Brass-furnace  practice.  [U.S.,  Dept.  of 
the  Interior,  Bureau  of  Mines,  Bulletin  73]. 

8vo.     302  pp.     Wasliington,  1914 

Haanel,  B.  F.  Peat,  lignite,  and  coal.  Their  value  as 
fuels  for  the  production  of  gas  and  power  in  the  by- 
product recovery  producer.  [Canada,  Dept.  of  Mines 
Mines  Branch].  8vo.     276  pp.     Ottawa,  1914. 

Home  Office.  Report  on  battery-bell  signalling  systems 
as  regards  the  danger  of  ignition  of  firedamp-air 
mixtures  by  the  break-flash  at  the  signal-wires.  By 
R.V.Wheeler.  fol.     13  pp.     London,  u)^^ 

Johnson,  G.  Electric  lighting  accounts.  [''  The  Account- 
ants' Librar)',"  vol.  29]. 

2nd  ed.     Svo.     1S8  pp.     London,  ii.)\'}, 
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Pnic«^inys    of    ihe    4jrd   Annual    General    Meeting    of  The    Institution    of    Electrical 
inecrs.    held  on   Thursday.   27    May.   1915 — Sir  John    Skkli..   President,  in  the 

Liuir. 

The  iiiinutrk  u(  the  Onliiury  Mccliii);  held  on  Jt>  Apiil.  1915,  were  token  as  read,  and  c  <n!k{mcd. 

The    IVe«ident   re|»rtetl  the  result  >>(  the  ballot  (or  the  election   of  new  MemltcTk  ui  Couool  i*ee 

Tlie  I'uesittENT  :  1  Uiould  like  to  make  a  few  comments  with  reijard  to  the  election  ••'  '"--^   Members 
of  Council.     Out  uf  over  4.000  Uiliot  pa|>ers  that  wci^  issued  to  the  ineml>en>  o(  the  In^t  ly  .SS>.  or 

»!  <d.     I   think   n   is   ;..  ' 

t  _  A'holc  ol    the  c1l-C!I1i..i. 

There  has  been  a  tendency  during  the  last  ye:ir  or  two  for  the  Klemtiers  uf  Counal  to  gravitate  rather 

t.  .       '     '      '    '  •  ,1  |v.)\vcr  section  of  the  profi  *     the  excluiin       '  '         ' 

ti  lie  interests  and  the  m.iiiu:  ,  iiitcrcst>.     A 

alteration   this  year.  1   venture  to  ho|>e,  Ixith  as  President  and  also  in  my  capacity  a»  c 

Institution,  th.it  another  year  it  will  be  found  possible  to  devise  some  inctiis  of  elcctinj;  a  L ■  .^..1 

be  more  truly  representative  of  every  branch  of  our  profession. 

The  list  of  candidates  for  election  and  transfer  approved  by  the  Council  for  ballot  M-as  taken  as  read 
and  was  ordered  to  be  suspended  in  the  Hall. 


Messrs.  J.  O.  Girdlestone  and  L.  J.  Kouard  were  appointed  scrutineers  of  the 
transfer  of  members,  and,  at  the  end  of  the  meeting,  the  result  of  the  ballot  was  Cl 


and 


AiiJtuile  Uembtrs. 
B      ■  ^r. 

I.  lohn  Harold. 

BuUuck,  John  Burnard. 

AiS«iltlU. 

Byng,  Erne»t  Gustav. 

GraJualei. 

Alimcd   .\bdd  A.-:;. 
B: 

Bo.  ,  ., 


ELECTION'S. 

Graduates — <OHtinu<J. 
Cater,  Fi  .  nard. 


Wjikcr,  Edmund  Eriic^i. 
Sluiienti, 


liarlow.  I 

L 


Jllc. 


.in. 


.SlmJenli — (omhmatJ. 
K: 

H  A II  red 

K 

L.  ..:.:s 

Malouc,  Francis. 

Mellontr   >^'         ^  R  .  l.ard. 

Moul,  1 

Pr  erf. 

T.. 

Ycuug,  Ha:...!U  \  icKif . 


- 

Tkaksi-eks. 

Asiceialt  U ember  /o  Memher. 

Sluilent  to  Aiuxmte  Member. 

Co'"'-   I  "■iiord  Harvey. 

Dickinson   " '  '.  Flrncst. 

A   ; 

Ci                   a  Francis,  M.Sc. 

Fendick.                    tty. 

C 

Saaiv.'!    J II II an  Walter. 

'■                                     rhcodor. 

F 

^  S 

H. 

.<>•                  !.ml>er. 

Sl. 

Punter,  lani!.      i. 

.  >;. 

Sa. 

StmJeut  to  GraJmmlt. 


Ls  Gtodrejr. 


Smiles,  Ccol  Aitliur. 


862  PROCEEDINGS   OF   27   MAY,   1915. 

The  following  donations  were  aiuKninced  as  having  been  received,  and  the  thanks  of  the  meeting  were 
accorded  to  the  donors  : — 

Bciicvolcut  Fuud :  Messrs.  Dick   Kerr  &   Comiiany,   Ltd.,  F.  B.  O.  Hawes,  P.  H.  Brown,  H.  L.  Leach, 
K.  Prentice,  H.  F.  Proctor,  J.  B.  Smith,  and  Sir  John  Sncll. 

Lihraiy :  The    Engineering   Standards  Committee,  W.   Kingsland,    C.    O.   Mailloux,  D.Sc,   Marconi's 
Wireless  Telegraph  Company,  Ltd.,  and  A.   A.  C.    Swinton. 

The  President  :  It  now  devolves  upon  me  to  present  the  Annual  Report  of  the  Council.     The   Report 
has  been  already  circulated  to  the  members  (see  page  722),  and  I  therefore  do  not  propose  to  read  the  whole 
of  it,  but  I  desire  to  draw  attention  to  a  few  of  its  more  salient  points.    During  the  year  a  great  deal  of  work 
has  been   done  by  the   Institution  in  connection  with  national  service.     Not  only  has  the  Institution  put 
offices  at  the  disposal  of  the  War  Office,  but  the  President  at  that  time,  Mr.  W.  Duddell,  F.R.S.,  and  Mr. 
.\.  P.  Trotter,  Major-General  R.  M.  Ruck,  C.B.,  Mr.  R.  Hammond,  and  one   or   two   other  members,  were 
instrumental  in  recruiting  an  Engineer  Unit  for  the  Royal  Naval  Division.     Very  excellent  work  was  done 
bv  those  members,  so  much  so  that  there  is  no  doubt  that  the  type  of  man  selected  gave  the  necessary 
conlidence  to  the  War  Office  to  call  upon  the  President  to  make  selections  for  commissions  in  the  Royal 
Garrison  Artillery  and  in  a  few  instances  in  the  Royal  Engineers,  as  well  as  Inspectors  of  Works  in  France, 
with  Hon.  Lieutenancies,  R.E.     A  great  deal  of  work  has  fallen  to  my  share  during  the  months  from 
October  to  April,  and  even  occasionally  now,  in  interviewing  candidates  and  recommending  certain  of  them 
for  commissions,  and  I  am  happy  to  say  that  not  one  of  the  recommendations  of  the  Institution  has  been 
'•  turned  down."     All  these  gentlemen  were  recommended  as  subalterns,  but  I  am  glad  to  say  that  in  a  few 
instances  they  have  already  attained  captain's  rank  or  that  of  first  lieutenant.     The  number  of  members 
on  naval  or  military  service  now  totals  928,  and  seeing  that  the  total  membership  of  the  Institution  is  under 
7,000,  and  that  many  of  our  members  are  also  engaged  on  other  national  work,  such  as  the  manufacture  of 
munitions  of  war,  I  think  the  above  proportion  is  a  very  fair  percentage  and  speaks  very  well  for  the 
patriotism  of  our  members.     We  have  also  been  of  some  service  lately  in  another  direction.     The  Council 
Avas  asked  in  February  by  General  Sir  O'Moore  Creagh,  V.C.,  Military  Adviser  to  the  Central  Association  of 
Volunteer  Training  Corps,  to  co-operate  in  the  formation  of  an  Engineer  Unit  which  should  be  affiliated  to 
the  Central  Association,  and  after  circularizing  the  members  in  the  London  district  in  the  first  instance,  we 
obtained  such  a  response  that  it  was  felt  we  could  well  form  a  nucleus  Engineer  Unit.     A  meeting  was  held 
last  week  of  those  who  had  signed  the  forms,  when  I  had  the  honour  of  addressing  them,  and  we  then  handed 
them  over  to   the  Commandant,  Lieutenant-Colonel  C.  B.  Clay,  a  very  well-known  telephone  and  telegraph 
engineer  and  a  Member  of  the  Institution.     They  have  also  done  me  the  honour  of  making  me  the  Honorary 
Commandant,  of  which  I  feel  very  proud.     During  the  earlier  part  of  the  session  the  Council  appointed  a 
Committee  to  keep  in  touch  with  the  British  Electrical  and  Allied  Manufacturers'  Association  in  regard 
to  the  question  of  securing  for  the  British  electrical  industry  the  trade  of  Germany  and  Austria- Hungary.     A 
number  of  meetings  were  held,  and  after  a  very  full  consideration  of  the  matters  which  were  put  before  them 
the  Committee  came  to  the  conclusion,  with  the  concurrence  of  the  manufacturers'  representatives,  that  the 
continuance  and  expansion  of  British  trade  after  the  war  would  mainly  depend  on  economic  principles  and 
on  the  commercial  industry  and  initiative  of  British  manufacturers,  and  that  no  useful  action  on  the  part  of 
the  Institution  appeared  to  be  possible.     An  important  Committee  has  been  sitting,  for  the  purpose   of 
dealing  with  the  question  of  the  periods  for  the  repayment  of  municipal  loans,  and  the  Council  to-day  has 
passed  a  draft  memorial  to  the  Local  Government  Board,  which  will  be  forwarded  in  due  course,  and  may 
be  followed  by  a  deputation,  and  it  is  hoped  that  certain  concessions  will  be  given  which  will  be  helpful 
to    municipal    interests.      I    may   also   say   that,   as    President   of   the    Institution,    I    am    now  associated 
with  the  Presidents  of  the  Institutions  of  Civil  Engineers  and  Mechanical  Engineers  in  making  a  represen- 
tation to  the  Treasury  and  to  the  Local  Government  Board  in  connection  with  the  regulation  of  loans  to 
municipalities,  and  the  regulation  of  public  works,  and  it  is  possible  that  some  useful  work  may  also  be  done 
in  that  respect.     We  have  just  concluded,  before  the  opening  of  this  Annual  General  Meeting,  the  Annual 
Meeting  of  the  Committee  of  Management  and  the  subscribers  of  the  Benevolent  Fund.     It  will  be  recollected 
that  quite  recently  I  issued  an  appeal  to  the  members  of  all  classes,  except  Students,  for  subscriptions  and 
donations  to  this  Fund,  but  I  must  say  I  feel  that  the  response  was  totally  inadequate  to  meet  the  require- 
ments of  the  Fund.     I  know  the  criticism  has  been  levelled  against  the  Fund  that  the  outgoings  are  so  small 
that  there  is  no  real  necessity  to  expand  the  income  ;  but  that  idea  is  quite  wrong.     As  I  stated  in  my  appeal, 
there  were  at  that  time  three,  and  there  are  now  two,  very  important  cases  before  us  in  which,  if  anything 
hke  adequate  support  is  to  be  given,  a  very  substantial  annual  contribution   must  be  made,  and  such  a 
substantial  contribution  cannot  be  made  from  the  funds  at  present  at  the  disposal  of  the  Benevolent  Fund 
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who  have  tullen  by  the  way.     1  now  toriiulty  move  "  Tliat  the  .\iiiiu:il  l<<:\>  >n  oi  ttict 

n\         '       '   .'  Ml."     I  will  ask  Mr.  Haminoiid  to  second  the  motion,  liul,  ulter  In  •■     •■..^ 
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Mr.  K.  Haumo.vu  :  I  have  pleasure  in  secondinji;  the  motion  for  the  adoption  of  the  .\iiiiual  Report. 

Mr.  L.  B.  Atkinson  :  1  tliink  the  memtiers  have  lb  congratulate  themselves  tlut,  in  a  tune  of  very  i. 
d.'  •■■■.•  
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memtters  of  the  rarious  Committees  ol  the  Institution  have  taken  such  a  prominent  port.     Ttiere  it  a 
ti'  ■   '     '    '  -    -■      '-irly  wish  to  draw  attention,  viz.  Is  there  any  r      '  •    ison  why,  at  some  ;  -■      '     '    " 
tli,  t  should  luit  Ih:  publisheil  in  the  "TtXirH.i/  ul  '.  of  the  members 

who  are  d'  .  ?     I  tliink  the  majority  of  the  mcmlHrrs  wuuld  icc-1 

done  by  tlit  .  ^. .^cs  if  they  knew  who  arc  the  men  who  are  doinj;  tlic ) 

had  any  suRjjeslions  to  make,  tlicy  might  communicate.     Another  point  that  I  wisli  to  mention  ahics  out  of 

w!         '  I  with  rej;ard  to  the  Council.     There  is  a  '      '  'W,  in  in  '  ■*• 

ni  ;  IS  of   Council  from  non-Council   mcinl>cis  J  to  Ixr 

nature  of  cnticism  ol  the  work  of  the  Council.     I  think  the  President's  remarks  will  go  a  lon^  way  low 

removi:  .-  •'    •  feeling,  which  I  know  exists  in  some  quartern.     The  last  matter  to  which  1  wish  to 

is  the  1  ;il  Fund.     I  cannot  help  thinking  that  this  question  has  not  iK^n  lirought  to  the  attent: 

meml>:i>>  ill  the  way  that  it  should.     The  aj->j>eal  recently  made  by  tlie  President  w  . 

direction,  but  evidently  did  not  do  all  that  he  hoped  it  would  do.     It  must  Ix:  remc -. 

the  present  is  a  very  difficult  time,  and  I  suggest  that  when  times  get  more  normal  a  little  more  pressure  on 

J  i^     ■  •  ■    •     ..    ! ,d.      1  tl       •      •  ■      ■  ■       ■        •       c 

lii  .  with  a  I: 

not  have  time  to  read.     1  agree  with  the  President  that  the  present  state  ol  the  benevolent  Fund  is 
unworthy  of  the  Institution,  and  I  hojie  that  some  way  will  l>e  found  of  giving  it  a  little  more  pubii^;.. 
when  the  time  arrives  that  we  are  in  a  jvjsilion  to  respond  more  freely  to  appeals  ma«ie  to  us. 

Professor  J.  T.  MoRKis  :  I  should  like  to  ask  for  furllu:  •  i  regard  t  >  '. 

decrease  in  membership.     It  is  possible  that  the  usual  nu .  les  have  apj 

regulations  are  more  stringent,  so  that  more  candidates  have  been  rejected.      I  sec  that  the  numbers  c      i 
oil-        ■  ■  "  "  '■>••'*  75  '     '^ 

A—  >  ,-■  in  the  < . 

the  numlH-rs  in  the  Graduate  class  to  increase  l^ecause  that  class  has  been  recently  lormed  ;  but  witli  rej;.i!d 
to  the  S-  t  '  ■  •     ■•■  :iy  of  these  have  answered  the  c:ill  of  their  King  and  country  with  :'■  '  •'■   ■  •'•   \  .ue 

not  gis  matters  as  much  attention  a>  tisu.d.  and  this  may  account  for  the  ij;.v 

1  ',  however,  of  any  information  in  regard  to  the  decrease  in  the  number  ul  A»M<.Ldiic  Members 

ail' .    i        - ...:_  . 

Mr.  S.  EvEKSHKu  :  There  is,  and  always  has  been  ever  since  1  have  been  a  mcmlvrr,  a  feehng among  the 

g^ •  •■  •         ■ 
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it  does  seem  a  httic  like  ciituisin  to  sug^^est  names  in  i  •»  with  those  pu 

Anyone  who  has  ever  serxed  on  the  Council  knows  to  \v  11. 1  •  ••      '  '    •>     ■ 
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names  put  forward.  But  even  so  there  is  room,  I  cannot  help  thinking,  for  some  machinery  by  which  more 
names  of  useful  men  might  be  brought  to  the  notice  of  the  Council  at  the  time  when  nominations  are  being 
considered,  and  I  was  going  to  make  this  suggestion  : — No  one  can  serve  on  the  Council  for  a  nvunber  of 
years  without  realizing  more  clearly  what  are  the  qualities  which  go  to  make  up  a  useful  Member  of  Council, 
and  it  seems  to  me  it  might  be  possible  to  arrange  for  past  Members  of  Council  to  be  asked  to  suggest  one  or 
two  names  every  year  for  the  consideration  of  the  Council  in  drawing  up  their  list  of  nominations.  If  this 
were  done,  the  Council  might  intimate  from  time  to  time  what  particular  section  of  the  industry  appeared 
to  be  inadequately  represented,  and  in  this  way  a  flow  of  new  names  would  come  in  without  in  any  way 
trenching  on  the  duty  of  the  Council  in  putting  forward  the  list. 

Mr.  J.  F.  Shipley  :  I  should  like  to  know  why  the  Scottish  Students'  Section  held  no  meetings  during 
last  session. 

Mr.  W.  M.  MoRDEV  :  It  is  a  very  sad  state  of  things  that,  after  all  these  years  of  work,  the  Benevolent 
Fund  is  not  in  a  better  position.  I  Bnd  tliat  the  actual  contributions  for  the  year  average  less  than  6d.  per 
member.  An  increase  in  the  Fund  is  wanted  for  tiie  urgent  necessities  of  deserving  people.  The  Fund 
could  be  made  worthy  of  this  Institution  by  small  regular  contributions  of  a  few  shillings  from  members 
generally.  Everybody,  Students  included,  could  easily  answer  the  application  that  is  sent  out  by  the 
Secretary  every  year  by  a  promise  to  contribute  some  small  sum.  Many  members  do  not  like  to  contribute 
unless  they  can  contribute  gold,  but  I  think  the  management  of  the  Benevolent  Fund  would  be  very  happy 
indeed  if  they  could  get,  say,  an  average  of  half  a  crown  per  annum  per  member.  That  would  put  the  Fund 
in  the  position  it  ought  to  be  in — the  position  of  being  able  to  help  cases  that  are  often  pitiable  in  the 
extreme.  May  I  supplement  what  you,  Sir,  have  said  by  a  very  earnest  appeal  to  members  generally  to 
make  a  special  effort  to  give  this  Fund  some  small  sum  annually  and  regularly  ? 

Mr.  \V.  R.  Rawlixgs  :  Following  on  Mr.  Mordey's  remarks,  I  may  say  that  I  intended  speaking  on  the 
same  subject  in  a  similar  strain.  In  the  first  place,  I  should  like  to  refer  to  the  Accounts  themselves.  I 
suggest  that  they  should  be  made  up  in  a  different  form.  A  sum  of  ^439  is  brought  forward  and  placed 
under  the  heading  of  "  Receipts,"  making  the  total  appear  larger  than  it  really  is.  It  is  perfectly  true,  as 
Mr.  Mordey  pointed  out,  that  a  very  small  sum  indeed  has  been  contributed  during  the  past  year  by 
members.  I  think  also  that  much  has  been  lost  owing  to  members  feeling  that  they  ought  to  send  gold  in 
response  to  the  appeal.  I  suggest  that  if  an  appeal  were  sent  on  the  following  lines  :  "Will  you  promise  an 
amount  not  exceeding  5s.,"  90  per  cent  of  the  members  would  respond  to  it. 

Mr.  F.  C.  Raphael  :  I  am  heartily  in  agreement  with  what  Mr.  Mordey  and  Mr.  Rawlings  have  said 
with  regard  to  small  contributions  to  the  Benevolent  Fund.  I  think  everyone  will  agree  that  a  large  amount 
might  be  realized  by  suggesting  in  the  notice  sent  out  to  all  the  members  that  they  should  contribute  a 
small  minimum  subscription  ;  but  I  think  that,  in  addition,  what  Mr.  Mordey  called  the  gold  contribution 
could  be  encouraged — possibly  in  a  different  manner.  If  a  fairly  large  Committee  were  formed  of  influential 
men  in  the  Institution,  and  if  they  were  induced  to  write  personal  letters  to  thei*-  friends  and  to  make 
personal  efforts  in  collecting  contributions,  instead  of  printed  forms  merely  being  sent  out,  I  feel  sure  the 
results  would  be  very  satisfactory  indeed  in  what  Mr.  Mordey  calls  the  gold  contribution.  I  also  think  that 
some  of  the  richer  electrical  firms  might  be  approached  through  their  heads  who  are  members  of  the 
Institution,  to  give  very  large  sums — much  larger  sums  than  the  majority  of  the  donations  and  subscriptions 
which  are  now  given.  There  is  one  point  to  which  I  should  like  to  allude  arisingindirectly  out  of  the  Report. 
Mention  has  been  made  of  the  very  fine  way  in  which  the  members  have  responded  to  the  call  of  the  Army 
and  Navy.  I  think  it  would  be  an  appropriate  act  on  the  part  of  the  Institution  if  they  could  find  some  way 
to  relieve  those  members  of  the  obligation  of  paying  their  subscriptions  for  the  period  during  which  they 
are  on  active  service.  I  do  not  know  whether  it  is  possible  to  do  so  in  our  case,  but  I  believe  it  has  been 
done  in  a  great  many  other  Institutions — certainly  it  has  been  done  in  almost  every  Club  in  the  United 
Kingdom. 

Mr.  A.  Home-Morton  :  Is  there  any  particular  reason  why  a  small  percentage  should  not  be  added  to 
the  amount  of  the  subscription,  such  percentage  being  devoted  automatically  to  the  Benevolent  Fund? 
That  is  done  in  one  Association,  of  which  I  have  the  honour  to  be  President,  and  it  would  not  prevent  those 
w'ho  wdsh  for  greater  publicity  from  sending  large  sums.  I  certainly  think  there  is  no  member  who,  if  the 
question  of  the  Benevolent  Fund  were  properly  put  before  him,  would  object  to  having  a  small  sum  added 
to  his  subscription,  for  this  very  worthy  purpose. 

The  President  :  I  will  answer  in  as  few  words  as  possible  the  questions  which  have  been  put.  Mr. 
Atkinson  referred  to  the  publication  of  a  list  of  the  Committees,  and  also  of  the  attendances  of  the  members 
upon  those  Committees.     That  is  a  matter  in  which  I  must  be  guided  by  the  Council,  but  I  promise  that  it 
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»av  it  Will  have  that  effect  to  some  extent,  but  1  am  told  to  day  that  the  cla«  ol  men  n 
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in-»y  wy  that  due  rejrard  will  lie  |{iven  to  the  suggestions  made  by  Mi.  I<  '• 

s   '       •  It..  ^'c-rs  who  arc  serving  in  His  Majesty's  K —   * 

t  of  leiiiitting  the  subscriptions  of  those  wiS  member^.    Mr.  Shipley  a»ked 

\  ..n  had  nut  in-*t.     That  has  never  l»ct-ii  a  v<  "  '      !.j 

I ,    of  the  Students  having  joined  tlie  Foices,  i  •• 

was  felt  not  worth  while  to  hold  meetings  this  year.     I  hope,  however,  that  when  normal  times  return  Uic 
S  "Section  ,tne  its  meetings.     The  -jus  that  have  l»een  made  by  Mr.  Mi^rdey. 

:,,      ,  Mr.  Rij  ,  1  iJiink,  e.vticmcly  val d  certainly  the  CoinniUlce  of  the  Iicne\t>- 

Icnt  Fund  will  give  due  consideration  to  their  propos;ils.    1  may  s;iy  th.it  it  has  already  l^en  i;  i- 

tion  that  an  inlluential  Committee  should  be  called  together  and  that  we  should  issue  an  aj  ,  -  dl 

contributions,  but   it  was  felt  that  to  do  that  now,  just  at  perhaps  the  most  critical  time  of  the  war.  and 
immeduitely   after  an  appeal  had  been  issued  by  the  I'rcsideut.  \v  >iild  not  be-  •'^ 

leave  it  until  the  Ix-ginning  of  the  new  session,  when  we  shall  pcrh.ii^i  be  able  '.       .  .  -O 

the  memlxfrs.     Also  I  sh;dl  probablv  then  be  able  to  say  that  the  two  special  cases  ol  assistance  to  wtiwh  I 
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also  under  consideration.     All  the  ver>'  useful  constructive  suggestions  which  have  »* 

to-night  shall,  I  promise,  have  due  and  propter  consideration,     lam  very  much  obhgc..  .     ...     .  ve 

made  them      I  now  put  the  Resolution  to  the  Meeting  :  "That  the  Annual  Report  as  circubted  be  received 
and  .1 

I ...    .^  lution  was  then  put  and  carried  unanimously. 

The   Pkesiuest  :  I  will  now  ask  the  Honorary  Treasurer  to  move  the  adoptiim  of  the  AccounU  and 
Balance  Sheet  for  the  |>ast  year. 

Mr.  R.  H.\UMONU  :  I  have  pleasure  in  proposing  the  adoption  of  the  accounts  for  the  past  year  (see 
page  730).     We  had,  I  am  gbd  to  be  able  to  state,  an  excess  of  income  over  expenditure    ■  NVe 

are  better  off  by  th.it  amount  ;  but  the  excess  is  not  so  good  .as  that  shown  in  the  previous  > .ounts. 

viz.  i"3. ••<;>-•      The  difference,  a  reduction  of  £i,2og,  was  caused  mainly  by  a  decrease  in  our  income.     Il  is 
the  same  bt  >ry  that  we  have  just  been   hearing  about  our  '*• 

Some  peujilc  have  thought  that  this  falling  oflf  is  a  circuni-i  '* 

future.     I    do   not   sh;ire  those  fears.     It  is   taking  too  narrow  a  view  of  the  situation  to  compare  the 
hip   of    to-day   with    what    it    was    u    months    ago.    without    ^  '       ig    all    the    intervening 

.s.     In    order    to   judge   whether   we  are   on    the   upward    grade  :    take  a   longer    ivr:i>>d 

into  account.     It  will  be  remembered  that  a  few  years  ago  we  took  the  very  drastic  step  of  ig 

that  we  were  .-  - -  '    criptions.     The  result  was  that  a  numl<er  of  people  hurni :d 

with  their  aj;  >o  as  to  come  in  on  the  old  terms.     Four  years  ago  our  membership 

stood  at  6,»33.     b>   means  ui   the  liurrying-up  ;  "7' 

and  in  the  next  year  to  7.084.     We  are  thcrcl   . .  , ,.,    •-     ,,  '^^'^ 

viewed  from  the  point  of  view  of  whit  those  tigures  would  have  been  had  these  circumstances  not  anscn. 
I  ■  •     ■■       :•  ■    •  '  ■       ■         ■  ;•.-'"  --'-cr- 

....  >n 
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consequence  of  the  examinations.  We  are  seeking  for  a  very  much  better  class  of  member.  We  were 
told  that  by  putting  such  stringent  regulations  into  operation  we  should  practically  stop  the  How  of  new 
members,  but  we  elected  as  many  as  171  in  the  past  year.  To  return  to  the  accounts,  we  had  a  net 
decrease  in  income  of  ^994  and,  owing  to  there  being  every  year  a  greater  call  upon  the  Finance 
Committee  for  increasing  the  work  of  the  Institution,  an  increase  of  £21^  in  the  expenditure,  those  two 
figures  accounting  for  the  .^'1,209  difference  to  which  I  have  already  referred.  Our  Life  Composition  Fund 
stood  on  the  1st  January,  1914,  at  £SiS°(^-  ^^'^  \rA\e  now  adopted  the  principle  of  transferring  from  the 
Life  Composition  Fund  the  amounts  of  the  life  compositions  of  members  deceased  during  the  year.  In 
former  years  we  used  to  leave  those  amounts  in  the  Fund,  which  did  not  seem  to  be  right  when  all 
obligations  had  ceased,  and  under  our  revised  Articles  of  Association  we  obtained  power  to  transfer  such 
amounts.  We  transferred  in  that  respect  £()J  last  year,  leaving  to  the  credit  of  the  Fund  ;^5,409.  The 
Building  Fund  during  the  year  has  been  increased  to  the  extent  of  ;^4i  i8s.  od.  by  donations  and 
subscriptions,  and  there  has  been  a  contribution  out,  of  the  Institution  Funds  of  ;^667,  a  total  of  ^'709, 
which  amount  was  used  in  reduction  of  the  mortgage.  Referring  to  our  total  assets  and  liabilities,  this 
is  how  we  stand.  I  draw  attention  to  the  fact  that  as  we  are  not  a  trading  concern  we  do  not  make 
a  valuation  of  our  assets  every  year,  and  we  take  our  investments,  year  after  year,  at  their  book  values, 
at  their  cost,  and  with  that  reservation  our  position  is  this.  Our  assets  amount  to  _^i  14,929  and  our 
liabilities  to  ;£"43,359.  N\'e  have  therefore  a  margin  to  the  good  of  /"7i,569.  This  time  last  year  our 
margin  to  the  good  was  £(i(),S~3f  ^o  that  we  are  better  off,  as  far  as  our  margin  to  the  good  is  concerned, 
to  the  extent  of  ^"2,046.  I  have  pleasure  in  moving  "  That  the  statement  of  Accounts  and  Balance  Sheet 
for  1914,  as  presented,  be  received  and  adopted." 

Mr.  J.  S.  HiGHFiELD  :  I  have  pleasure  in  seconding  that  motion. 

Mr.  W.  B.  Essox :  There  is  one  point  that  I  should  like  to  refer  to  in  the  Balance  Sheet.  The  first  item 
on  the  assets  side  is  the  cost  of  the  building.  Then  the  item  appears  ;  "  Less  reserve  for  depreciation, 
being  sinking  fund  premiums  paid."  I  wish  to  point  out  that  that  is  not  strictly  accurate.  The  value 
of  the  depreciation  fund  is  not  the  amount  of  the  sinking  fund  premiums  paid,  but  the  surrender  value 
of  the  sinking  fund  policy  on  the  31st  December,  which  is  a  slightly  different  thing.  It  is  a  point  which 
is  more  or  less  academical,  but  I  thought  I  should  like  to  mention  it.  Then  as  to  the  liabilities  side,  I 
would  ask  the  Honorary  Treasurer  a  question  as  regards  the  Trust  Funds  Capital  Accounts  for  the  David 
Hughes  and  similar  Scholarships.  Are  we,  as  an  Institution,  responsible  for  those  funds  being  maintained 
at  their  original  value?  By  putting  them  in  the  general  Balance  Sheet,  as  they  are  now,  it  would  seem 
as  if  we  were.  If  not,  they  ought  to  be  taken  out  of  the  general  Balance  Sheet  and  a  separate  Balance 
Sheet  made  for  each  of  them. 

Mr.  R.  Hammoxd  :  For  a  great  many  years  we  set  out  the  Trust  Funds  separately  from  the  Main 
Accounts,  but  a  few  j^ears  ago  we  thought  that  it  would  be  more  convenient  to  have  all  the  Accounts  under 
one  heading.  Possibly  those  who  set  them  out  separately  had  a  good  reason  for  doing  so,  but  I  must  say  it 
never  occurred  to  me  that,  by  the  inclusion  of  them  in  the  main  Accounts,  we  in  any  way  took  the 
responsibility  of  maintaining  them  at  their  face  value.  Indeed,  in  the  case  of  some  of  them,  the  bequests 
were  made  in  stock.  As  the  question  has  been  raised,  I  certainly  think  that  we  shall  have  to  ask  our 
Solicitors  whether  it  would  not  be  better  to  put  them  at  the  end  of  the  general  Accounts  as  we  used  to  do. 
Mr.  Esson  is  quite  correct  in  stating  that  the  total  amount  of  the  sinking  fund  premiums  at  any  time  cannot 
be  taken  to  measure  the  amount  of  depreciation  of  the  lease  of  the  Institution  buildings.  In  my  Annual 
Report  to  the  Council  I  always  draw  attention  to  that  fact.  Here  again  we  do  not  act  as  if  we  were  a 
trading  concern.  The  actual  position  is  that  the  Institution  holds  policies  for  ^^75,000  which,  if  the 
premiums  are  kept  up,  will  eventually  wipe  off  the  cost  of  the  lease  and  our  expenditure  on  the  buildings. 
A  time  will  come  when  the  surrender  value  of  the  premiums  will  exceed  the  amount  of  the  total  premiums 
paid  on  riccount  of  the  compound  interest  thereon.  Hitherto  we  have  not  deemed  it  necessary  to  erect  a 
further  depreciation  fund,  in  addition  to  the  amount  of  the  sinking  fund  premiums,  to  provide  for  the 
decreasing  value  of  the  lease  and  building,  but  the  Council  will  doubtless  reconsider  the  jioint  before  the 
publication  of  the  next  Accounts. 

Mr.  L.  B.  Atkixsox  :  I  agree  with  Mr.  Esson  that  the  trust  funds  are  not  part  of  the  general  accounts. 
I  am  a  httle  confused,  moreover,  because  I  see  that  in  the  Trust  Funds  Capital  Accounts,  on  the  liabilities 
side,  the  David  Hughes  Scholarship  is  entered  as  _^2,ooo,  and  on  the  other  side  there  is  an  investment 
shown  of  /.1, 998  15s.  od.,  which  differs  by  25s.  from  the  amount  on  the  other  side.  Why  does  it  not 
balance  as  the  other  trust  funds  do  ? 

[Mr.  Ham.moxd  explained  that  the  uninvested  balance  of  £1  5s.  od.  on  the  David  Hughes  Scholarship 
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Fund  uuk  :                m  thr  li                 ^  iiUi  !>•  ihc  bink,  and  the  IVrMdriil  u  Moi 

(hat  tl  W4-<  II  ol  pri!  !  (luit  It  :>i 

Tlici>  Mr  the  . I  I  the  Av.v>>tiiit!>  vv.t!i  Cl>  !  ii(iaiiiiniHj»lv. 

Ml.  I<  l.s.uiii  I  have  (•lt\i>tiic  III  : 
liii!  lull  :i  l»c  nwi-n  ti>  tlic  M'jitorar)  " 
S<  and  Trc4»urcni  alimad  (or  their  kind  i>ervicc«  during  ihc  patt  year." 

,M!    U     '■    '  ■  '  '      '  hii)>  that  rrix'hiliuti. 

The  1 . 

Mr.  J.  K    Iv  \      I  he  i  whuh  1  have  tli- 

thi'  I  •-•■•■■•     .  .^,,  lo  Mr.  I\   .  v.;  ll.uninuiul  in  reco^i,.;.   ..     

II  oi  the  Institution  during  (he  |ust  year."     The  iiiriii 

\» '  M*  to  (lie  Hoiiur.iiy  Ticimiici,  ' 

ol  .ire  as  (he  iiicinl»erN  ot  (he   Kj: 

experience,  energy  and  acumen  that  Mr.  Hammond  puts  into  the  work  of  the  Inttitutiuii,  and  it  i- 

I    '  '    w    inudi   the   thankii  of  the  Institution  are  due  to  him  (hit   I   have  pleasure  in  moving  um 

re 

Lueuti  'nel  C.  U.  CuvY  :  1  have  much  pleasure  in  seconding  (hut  reitolutiun 

Ttie  u-  .......  was  then  put  and  carried  un.-iniinously. 

Mr.  C.  H.  WoKuiNGHAU  :  I  have  much  pleasure  in  movint; :  "  That  the  l>est  thanks  of  the  Institution  be 
atxorded  to  (he  Hononiry  Auditors,  Mr.  H.  Alabaster  and  Mr.  Sidney  Sharp,  for  their  kind  bcr\-ices  during 
the  past  year." 

Mr.  W.  R.  Cooper  :  1  have  much  pleasure  in  seconding  that  resolution. 

The  ic     '  '        was  put  and  carried  unanimously. 

Mr.  \\  i.L  :  I  ben  t*^'  propose  :  "  That  the  best  thanks  of  the  Institution  be  tendered  to  Messrs. 

Bristows,  Co<^ke,  and  Carpniael.  for  (heir  kind  services  in  the  ca|ucity  of  Honorary  Sohcitors  to  the  Institu* 
Hon  during  the  p;ist  year." 

Mr.  H.  M.  Sayeks  :  I  have  much  pleasure  in  seconding  that  resolution. 

The  re  was  then  y>i\t  and  carried  unaiiiniouslv. 

The  I',  I  :  I  now  have  to  ask  the  meeting  to  appoint  two  Honorary  Auditors  for  luj;   i6.     The 

present  Auditors,  Messrs.  H.  Alabaster  and  Sidney  Sharp,  are  eligible  for  re-election.    Both  gc 
:dl  about  our  aL .  i:id  have  acted  for  u»  for  several  years.     Wil'  '      ' 

Mr.   L.  B.     .  s  :  I  have  much  pleasure  in  propuMn^^  :  ■  . 

Sharp  be  elcc(ed   Honorary  Auditors  for  the  year   1915-10." 

Mr.  \V.  R.  Kawlings  :  I  beg  to  second  that  resolution. 

The  resolution  was  then  put  and  carried  unanimously. 

The   !'  '  :  That  ciikIikIcs  the  business  of  the  >t-.-ion.     I  hi  ;  v  if  it  is  • 

to  hope — t:  I  we  meet  t'igether  ag.iin  at  the  end  ol  October  the  ,  .lyhavci.., 

and  that  things  may  be  l>ettcr  than  they  appear  to  be  at  the  present  time.     1  hope  we  shall  meet  in  liaj  : 
times. 

The  meeting  adjourned  at  y.  jo  p.m. 
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BENEVOLENT    FUND. 
REPORT    OF   THE    COMMITTEE    OF   MANAGEMENT    FOR   THE    YEAR    1914. 


Capital. 

The  Capital  Account  stood  on  the  31st  December  last  at 
;£4,642  3s.  od.,  all  of  which  is  invested. 

Income. 

The  Statement   of  Accounts  (see  page  735)  shows  that 
the  total  receipts  during  1914  were  as  follows: — 


Dividends  on  Investmenls 
Interest  on  Deposit 
.Annual  Subscriptions    ... 
Donations  of  £^  and  over 
Donations  under  -t'K 


£        s.    d. 
160     7   lO 

384 

.  72  9  6 
92  10  o 
14  19    6 

£343  15    2 


Subscribers  a\d  Donors  in  1914. 


ANNUAL   SUBSCRIBERS. 


H.  Alabaster. 
G.  F.  Allom. 

A.  B.  Anderson. 
I.  Braby. 

S.  E.  Britton. 
R.  A.  Chattock. 
A".  K.  Cornish. 

B.  Davies. 

Sir  A.  Denny,  Bart. 
J.  Devonshire. 
H.  C.  Donovan. 

B.  M.  Drake. 

C.  V.  Drysdale,  D.Sc. 
W.  Duddell,  F.R.S. 
K.  Edgcumbe. 

S.  Evershed. 
F.  Gill. 

J.  Gillingham. 
R.     T.     Glazebrook, 
D.Sc. 

B.  B.  Granger. 
R.  K.  Gray. 

F.  E.  Gripper. 

C.  W.  Gwyther. 
H.  T.  Harr-son. 

C.  C.  Hawkins. 
K.  Hedges. 

D.  Henriques. 
J.  S.  Highfield. 
H.  Hirst. 

E.  S.  Jacob. 
H.  W.  Kolle. 


Parsons, 


C.B., 


A.  E.  Levin. 
J.  R.  P.  Lunn. 

E.  de  M.  Malan. 
Sir  H.  C.  Mance,  CLE. 
J.  W.  Meares. 
L.  B.  Miller. 
W.  M.  Mordey. 
W.  M.  Morrison. 

F.  H.  Nicholson. 
A.  M.  Ogilvie,  C.B. 

E.  Parry. 
The  Hon.  Sir  C.  A. 

K.C.B. 
W.  H.  Patchell. 
C.  C.  Paterson. 
A.  H.  Preece. 
W.  L.  Preece. 
W.  R.  Rawlings. 
T.  Rich. 

R.  R.  Robertson. 
S.  R.  Roget. 
S.  A.  Russell. 
S.  G.  C.  Russell. 
Sir  David  Salomons,  Bart. 
S.  Sharp. 
A.  Siemens. 

F.  Smith. 

Sir  John  Snell. 
C.  P.  Sparks. 
A.  Stroh. 
A.  J.  Stubbs. 
W.  C.  P.  Tapper. 


A.  M.  Taylor. 
C.  H.  R.  Thorn 
J.  H.  Tonge. 


ANNUAL  SUBSCRIBERS — Continued. 
A.  p.  Trotter. 


T.  C.  T.  Walrond. 
W.  B.  Woodhousc. 
C.  H.  Wordingham. 


DONORS. 


The  Associated  Municipal 
Electrical  Engineers  of 
Greater  London. 

J.  F.  Avila. 

T.  H.  Barr. 

The  "25"  Club. 

The  Electrical  Engineers' 
Ball  Committee. 


The  General  Electric  Com- 

pan)',  Ltd. 
S.  Hill. 

A.  Russell,  D.Sc. 
Sir  David  Salomons,  Bart. 
H.  C.  Silver. 
C.  W.  Speirs. 
A.  M.  Taylor. 


G.  W.  Warner. 

At  the  end   of  March   1915,  in  view  of  the  cases  then 
before  the  Committee  and  of  other  cases  likely  to  occur  in 
the   near  future,   the    President   was   authorized    by   the 
Council   of   the   Institution   to   make    an    appeal    to    the 
members  of  all  classes  of  the  Institution  for  subscriptions 
and  donations  to  the  Fund.     The  result  of  this  appeal  (up 
to  the  27th  May)  was  as  follows  : — 

£      s.     d. 
37  Annual  Subscriptions  ...         ...       43     3     6 

44  Donations       ...     321     i     6 

The  Committee  of  Management  desire  to  acknowledge 
their  ipdebtedness  to  the  generosity  of  the  donors  and 
subscribers  who  have  supported  the  Fund,  but  in  view  of 
the  inadequacy  of  this  result,  the  Committee  venture  once 
more  to  urge  upon  the  members  the  pressing  need  for  a 
more  generous  response  to  the  President's  appeal,  and 
desire  to  add  that,  apart  from  donations,  the  Committee  of 
Management  will  be  grateful  for  annual  subscriptions, 
•even  of  quite  small  amounts. 

Grants. 

Ten  applications  for  assistance  were  received  in  1914, 
and  the  Committee,  after  due  investigation,  made  grants 
in  all  the  cases.  Six  grants  were  mxde  of  ;^io  each,  one  of 
£8,  one  of  £(i  2s.  6d.,  and  two  of  £^,  a  total  of  £9i<\  2s.  6d. 
for  the  year. 

Wilde  Benevolent  Fund.  , 

The  Capital  Account  stood  on  the  31st  December  last  at 
£1,846  4s.  6d.,  the  whole  of  which  is  invested  and  brings 
in  an  annual  revenue  of  £^~,  17s.  od. 

The  Balance  standing  to  the  credit  of  the  Income 
Account  at  the  end  01  1914  was  .£367  os.  id.,  of  which 
;£345  14s.  8d.,  was  invested. 

No  grant  from  this  Fund  was  made  during  the  year. 
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iricai  science  and  was  puliii>iicd  m  Volume  13  of  the 
yournj],\u:  .il-o  i-'titributed  p.ipcrs  on  "  Latimer  Claik's 
Method  o(  N:  Differcncci  of  Elcotnc  Potential," 
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JOHN  FRANCIS  ALBRIGHT  was  born  in  1857.  After 
serving  for  three  years  as  a  pupil  of  Sir  J.  B:izalgette,  at 
that  tune  Engineer  to  the  Metropolitan  Boaid  of  Works, 
in   .  iiieiit  Willi  the  Swan  Com- 

if  tli.ii  coinp.iiiy  with  the 


pa 


of  all  tiieir  coniraci  work.  He  then  joined  Messrs. 
Cronipton  &  Co.,  and  was  for  sonic  time  managing 
director.  He  subsequently  became  managing  director 
of  the  Drake  tt  Gorham  Electric  Power  and  Traction 
Company  and  a  director  of  the  Birmingham  Electric 
Suj  '^o   actively   iuleresled    in 

va: .    .  '  <    at    home    ;(n<1    in    the 

Culuuicx     111     u  !     him 

taking  a  verv-  a<.i  .it  the 

lime  of  his  dt.ilh.  winch  occurred  on  the  jtotli  December, 
1914,  he  was  cliairinan  of  a  number  of  electrical  companies 
He  was  elected  a  Member  of  the  Institution  in  188^. 
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EDWARD  ].  HALL  was  born  in  I 
on  the  31st  March,  1853,  and  <;ri.iu.itco. 
Scicniiiic  School  of  Yale  L'l;  .   J873.     In  187- 

organized  in  Buffalo,  N.Y.,  a  :. ..,  ..  ..c  compaov  of  ^^ 
he  became  vice-president  and  general  manager,  ai. 
1885  he  took  charge  of  the  ci  ... 

Telephone  and  Telegraph  c 
from    New    Yoik    to    P 
pu'.'lio  two  years  later 
of    !  which  c^ 

ijtii   "    ,  cr,  1914,  1  . 

can  Telephone   and  Telegraph  c 
of  the  Executive  Committee  of  t;.>.    ....   ,^...   , 
graph  Company.     He  was  elected  a  K.Teigii  N: 
the  Institution  in  i88>^>  ^"d  became  a  Member  u:  1 ;. 

ROBERT  HOI'E-JONES  wa>  Krn  in  . 
Grange,  Cheshire.  After  serving  his  ap; 
Messrs.    Laird    Brothers,    Birkenhexd,    he 
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CHARLES  JAMES  HALL  died  on  the  jnd  Octol)er. 
1^14.  at  Leeds,  at  the  age  of  53.  He  was  one  of  the 
earliest  pupils  of  the  Ham  nood  Electrical  Engineering 
College,  and  then  passed  some  time  in  the  Appold-strcct 
works    of    Messrs.    Fcrranti,    T'  and    Ince.     He 

subsc\)uently   served  as  clectiK  .  1    011   Ixiard  the 

S.S.  .-Intu'imi  .. 
works     In   : 
of   Mr.  Robert   Haiuiiiuud,  he  uiigiuatcd   111  coujuuctiun 
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of  North  Fonnawanda.  He  died  at  Rochester,  N.Y.,  on 
the  i-^th  September,  1914.  He  was  elected  a  Member 
of  the  Institution  in  1S92. 

JOHN  NASSAU  CHAMBERS  KENNEDY,  Major  R.E., 
was  born  in  Canada  in  1864  and  received  his  first  com- 
mission in  the  Army  in  1886.  Throughout  the  South 
African  War  he  served  on  tlie  Staff  in  connection  with 
telegraph  and  wireless  telegraph  work,  and  was  men- 
tioned in  despatches.  After  the  war  he  returned  to  this 
country  and  was  appointed  assistant  instructor  at  the 
School  of  Military  Engineering.  Chatham.  He  retired 
from  the  Roval  Engineers  in  1910  and  took  charge  of  the 
electric  signalling  work  of  the  London  and  North- Western 
Railwa)'  Company.  At  the  outbreak  of  war  in  August 
1914  he  was  called  up  from  the  Reserve  and  undertook 
the  work  of  organizing  the  telephone  systems  of  the  new 
camps.  A  few  months  later  he  had  to  go  into  hospital  and 
he  died  at  Rugby  in  April  1915.  He  was  elected  a 
Member   of  the  Institution  in   1899. 

HATSUNE  NAKANO,  Professor  of  Electrical  Engineer- 
ing at  the  Imperial  University,  Tokio,  Japan,  died  on  the 
i6th  Fcbruarj',  1914.  He  was  born  in  January  1859,  and 
in  1874  entered  a  preparatory  school  for  the  Engineering 
College  in  Tokio.  In  iS8t  he  graduated  from  the  Govern- 
ment Engineering  College,  obtaining  the  degree  of  Master 
of  Engineering.  He  was  at  once  appointed  Assistant 
Professor  of  the  College.  In  1888  he  visited  England  and 
the  United  States.  On  his  return  he  was  promoted  to  a 
professorship,  and  in  1899  was  granted  the  degree  of 
Doctor  of  Engineering.  In  1909  he  was  again  sent  to 
Europe  and  the  United  States,  visiting  various  works, 
electrical  plants,  and  colleges.  In  1913  he  was  appointed 
a  member  of  the  Council  of  the  Imperial  University, 
Tokio,  at  which  University  he  lectured  for  over  33  years. 
A  few  years  ago  when  the  Japanese  Electrical  Society 
was  reorganized,  he  was  elected  president.  He  was 
Chairman  of  the  Committee  responsible  frorn  time  to 
time  for  drawing  up  Government  regulations  dealing 
with  the  use  and  generation  of  electrical  energy,  and 
he  was  also  Chairman  of  the  Japanese  Elecfrotechnical 
Committee.  He  was  elected  a  Foreign  Member  of  the 
Institution  in  1884,  becoming  a  Member  in  igii.  S.  Y. 

SAMUEL  WILMOTT  NEWINGTON  was  born  on  the 
4th  November,  1868,  at  Goudhurst,  Kent,  and  was  edu- 
cated at  the  Grammar  School,  Sutton  Valence,  Kent.  He 
received  his  electrical  engineering  education  at  the  City 
and  Guilds  of  London  Technical  College,  Finsbury,  taking 
the  day  course  during  two  years  and  attending  the 
E:vening  classes  for  one  session.  In  1888  he  entered  the 
vice  of  the  Pacific  and  Oriental  Steam  Navigation 
npany,  serving  for  16  months  as  electrical  engineer 
Vboard  the  s.s.  Pekin  and  the  s.s.  Rome,  and  then 
two  years  having  charge  of  the  Company's 
searc^ight  plant  in  use  on  the  Suez  Canal.  In  March 
1892  iV  was  appointed  assistant  engineer  at  the  Millbank- 
street  ^tion  of  the  Westminster  Electric  Supply  Cor- 
porationXbeing  transferred  a  few  months  later  to  the 
CompanyX  Eccleston-place  station.  In  January  1893  he 
was  appointed  chief  electrical  engineer  and  manager  of 
the  01dham>Corporation  electricity  supply  undertaking,  a 


position  that  he  held  for  over  21  years,  until  his  death, 
which  occurred  on  the  13th  July,  1914.  He  was  elected  a 
Member  of  the  Institution  in  1913. 

CHARLES  WHENSA  NICHOLL  was  born  in  Novem- 
ber 1873.  He  received  his  technical  education  at  Durham 
College  of  Science  from  1891  to  1893,  and  then  served  an 
apprenticeship  with  Messrs.  J.  H.  Holmes  &  Company. 
He  left  this  firm  in  1897  in  order  to  become  assistant 
engineer  to  the  Brush  Electrical  Engineering  Company, 
and  a  year  later  he  became  private  assistant  to  Professor 
J.  A.  Fleming.  In  1900  he  was  appointed  Engineer  and 
Manager  to  the  Northallerton  Electric  Light  &  Power 
Compan}',  but  returned  to  London  a  year  later  on  receiv- 
ing an  appointment  on  the  staff  of  Mr.  A.  A.  C.  Swinton. 
In  1901  he  was  appointed  engineer  to  Messrs.  Kilburn 
&  Company  and  Acting  Engineer  to  the  Calcutta  Electric 
Supply  Corporation,  and  was  connected  with  the  design 
and  erection  of  the  power  station  for  the  Durbar  Camps 
at  Delhi  in  1902-3.  In  1964  he  was  again  for  a  short 
time  on  the  staff  of  Mr.  A.  A.  C.  Swinton  before  obtaining 
an  appointment  as  engineer  with  Messrs.  Harper  Brotheis. 
At  the  time  of  his  death,  which  occurred  on  the  ist 
December,  1914,  at  Port  Said,  he  was  on  his  way  to 
India,  having  been  engaged  by  Messrs.  Alfred  Dickinson 
&  Co.  in  connection  with  the  Tata  hydro-electric 
scheme.  He  was  elected  an  .Associate  Member  of  the 
Institution  in  1902,  and  a  Member  in  1911. 

STUART  RICHARDSON  was  born  in  Swansea  on  the 
9th  Januar}',  1863.  For  some  time  he  studied  law,  but 
a  legal  career  did  not  appeal  to  him.  He  served  liis  time 
with  the  Brush  Company  at  Loughborough,  and  then  for 
three  years  was  superintendent  at  the  Leicester  Corporation 
Electric  Lighting  Works.  In  1899  he  accepted  an  appoint- 
ment with  the  New  Zealand  Electrical  Syndicate,  a  private 
company  which  at  the  time  provided  the  electric  lighting 
of  Wellington,  New  Zealand.  In  1902  he  was  appointed 
assistant  tramway  engineer  and  in  19(35  tramway  and 
electrical  engineer  to  the  Wellington  City  Corporation, 
N.Z.,  a  position  he  held  until  his  death,  which  occurred 
on  the  nth  September,  1914.  He  was  elected  an  Asso- 
ciate of  the  Institution  in  1895,  an  Associate  Member  in 
1899,  and  a  Member  in  1901. 

ROBERT  ORD  RITCHIE  died  on  the  29th  January, 
1915,  at  Battle,  Sussex.  He  served  his  apprenticeship  as  a 
mechanical  engineer  with  Messrs.  Pearce  Brothers  of 
Dundee,  and  was  subsequently  employed  by  Messrs. 
Samuel  Lawson  &  Sons  of  Leeds,  Messrs.  Carmichael  & 
Company  of  Dundee,  Messrs.  John  Fowler  &  Company  of 
Leeds,  and  the  General  Ice  Factory  Company  of  London. 
In  1S83  he  joined  Messrs.  Woodhouse  &  Rawson,  becoming 
later  their  Contract  Manager.  In  1884  he  became'  a 
member  of  the  firm  of  Messrs.  Thompson,  Ritchie  &  Com- 
pany. He  was  later  associated  with  Messrs.  Scott  & 
Mountain,  and  subsequently  became  Manager  of  the 
electrical  department  of  Messrs.  Greenwood  &  Batley. 
In  1908  he  retired  to  Battle,  in  Susse.i.  He  was  elected  an 
Associate  of  the  Institution  in  1887,  and  a  Member  in  1897. 

GEORGE  PATRICK  ROBERTSON  was  accidentally 
drowned,  at  the  age  of  45,  in  Rungeet  River,  Dar- 
jeeling,  India,  on  the  i8th  Januarj',  1915,  whilst  engaged 
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He  wa*  elected  *  Member  ul  (he  Inkdiutiun  in  igi  i. 

MKS'KY    KOHINSltV   died    in    London    on   the   24(h 
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t:  t-or  33  years  he  wj^  also 

!';_.,     .     ,.  , „ .,  at  King's  College,  London, 

and  on  hi»  retirement  in  i(>02  he  was  appointed  Emeritus 

I'rofessor.  He  was  elected  a  Member  of  the  Institution 
in  1K90. 

GUY  LL'TLEY  SCLATER,  Captain,  R.\..  lost  his  life 
in  ihe  ser\'icc  of  his  country  on  tlic  36th  November,  iqi^. 
when  H.M  "^  "  '  ^  sank,  as  t'lc  result  of  an  explosion 
on  board.  .,  >.     He  was  l>orii  in  1868  and  was  the 

V  1:.  1".  L.  ScLiter,  llit-  well-known  /oologi^t. 

r  ediicalioii   M    the    Iv'V.tl    Xavul    College, 

• .  'I  at  Fort^:nouth, 

in  .15  staff  instructor 

in  Electricity  and  I'orpedo  Work.  In  i«>02  he  became 
Secretary  of  the  Admiralty  Committee  on  the  electrical 
equipment  of  His  Majesty's  ships,  thereafter  tilling  several 
>•:.-•  .;  ntmcnts  until  he  received  the  command  of  the 
I'.  :i  which  he  lost  his  liie.     He  wa»   elected   a 

Mciubci  ol  the  Institution  in  1903. 

JOHN  MATTHIAS  Al'GLSTLS  STROH  died  at  his 
house  on  Havci stock  Hill,  X.W.,  on  the  Jiid  November, 
n>i4,  in  the  ^7lll  vcar  of  his  a^e.  He  had  l>cen  a  Member 
^'  '.)l  l>ecii  clectetl  011  the 

\va^  Wil^liii.tn  White- 

v.d- 
c  Kot>c(t    Sabine,  George    Preece,   and    Major 

I..:  .  aj   Colonel,  Sir  Frank)    itolton,  all  of  whom  as 

well  a*  hit  propoMrr  having  predeceased  him  by  several 
years.     Hewa.s:,"       '  '^iitution 
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for  Mr.  Stroh  the  tiold  Medal  v^  •  > 
awarded  to  him  by  the  Internatiooal  )ury  ot  the  Pans 
Exhibition  of    1K78.     In  the  year    i86a   Mr.   Strob   look 

premises  in  London  which  he  converted  into  a  factory 
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liquid  demonstrating,  in  a  most  remarkable  manner,  an 
analojiv  between  those  phenomena  and  those  of  electricity 
and  magnetism.  This  was  pre-eminently  a  subject  tlial 
would  appeal  to  Mr.  Stroh's  love  for  a  physical  research 
which  required  tlie  construction  and  use  of  especially 
delicate  apparatus,  and  Mr.  Stroh  inimcdiately  took  up 
the  subject,  and  by  means  of  the  most  exquisite  apparatus, 
entirely  constructed  by  himself,  he  extended  the  research 
and  demonstrated  the  phenomena  without  the  use  of 
viscous  fluids  but  in  air  at  ordinary  pressures.  Mr.  Slroh 
brought  these  experiments  before  the  Institution  in  a 
paper  in  which  he  treated  the  subject  in  a  most  exhaustive 
manner,  which  was  read  at  the  meeting  held  on  the 
27th  April,  1S82,  and  of  which  tlie  following  was  the  title, 
"On  Attraction  and  Repulsion  due  to  Sonorous  Vibrations, 
and  a  Comparison  of  tlie  Phenomena  with  those  of 
Magnetism  "  (Journal  of  ilic  Society  of  Telegraph  Engineers 
and  Electricians,  vol.  11,  p.  192,  1882).  This  paper  ex- 
cited the  most  intense  enthusiasm.  The  late  Colonel 
Webber  was  President,  and  an  interesting  discussion  fol- 
lowed in  wliich  the  following  Members  took  part :  the 
late  Professor  Guthrie,  the  late  Sir  William  Preece, 
and  Professor  George  Forbes. 

Mr.  Stroh  contributed  only  one  other  paper  to  the 
Institution,  namely,  "On  the  Adhesion  of  Metals  produced 
by  Currents  of  Electricity,"  which  was  read  on  the 
14th  April,  1880,  during  the  Presidency  of  the  late 
Sir  William  Preece  [Journal  of  the  Society  of  Telegraph 
Engineers,  vol.  9,  p.  182,  1880),  but  he  gave  the  Institution 
tlie  benefit  of  his  experience  on  many  occasions.  Mr.  Stroh 
was,  however,  of  so  modest  and  retiring  a  nature  that  he 
could  only  be  induced  to  speak  when  from  liis  special 
knowledge  of  a  subject  he  could  add  to  the  value  of  the 
discussion. 

Mr.  Stroh  was  a  distinguished  horologist,  and  had  at  his 
house  a  magnificent  collection  of  watch  and  chronometer 
movements  embracing  every  variety  of    escapement  and 
exhibiting    refinements    of    construction    for    eliminating 
errors  of  every  description.     In  early  life  he  constructed 
with  his  own  hands  a  w-atch  of  high  quality,  the  dimensions 
of   which,  i.e.  diameter  and  thickness,  were  the  same  as 
those  of  a  half-crown,  and  this  he  presented  to  Sir  Charles 
Wheatstonc,  in  whose  family  it  has  remained  ever  since.. 
In    i860   Mr.  Stroh   devised   a  system  of   electric   clocks 
whereby  a  number  of  dials  were  worked  from  a  parent  or 
motor  clock.     The   dials  were  actuated   by  continuously 
revolving  astatic  galvanometers  synchronously  driven  by 
alternating  currents  transmitted  b)'  the  pendulum  of  the 
motor  clock.     An  especial  feature  of  this  clock  was  the 
^very  beautiful  almost  frictionless  escapement,  the  pallets 
L'ing  in  the  form  of  anchors  which  made  a  rolling  contact 
ith  the  teeth  of  the  'scape-wheel.     Mr,  Stroh  was  a  man 
never  touched  a  thing  without  improving  it,  and  soon 
:  introduction  into  this  country  of  the  phonograph 
he  (\istructed  an  instrument  entirely  in  aluminium  which 
has  nV-er  been  excelled  for  perfection  of  performance,  for 
uniforKty  of    speed,  and   for   silence   in   its  mechanical 
workingk    This   was  due  to  two  features,   the   perfection 
of    workmanship  and   the  extraordinary  efficiency  of  the 
governor  Viich  regulated  the  speed.     Acoustics  and  the 
analysis  ofViusical  notes  occupied  much  of  the  interest 
and  work  o^Ir.  Stroh.     As  far  back  as  1872  he  devised 
a    musical    iktrument   the    notes    of    which   were    pro- 
duced by  a  si\|le  vibrating  tongue  or  reed,  the  effective 


length  of  which  was  controlled  by  a  set  of  keys  arranged 
on  a  finger-board,  and  so  delicate  was  it  in  its  action  that 
the  various  notes  produced  were  musically  pure  and 
extended  over  three  octaves.  He  also  constructed  an 
instrument  for  analysing  and  recording  on  paper  the 
successions  of  sonorous  vibrations  set  up  by  a  piece  of 
music  performed  by  an  orchestra,  a  chorus  or  a  vocalist. 
He  showed  this  as  one  of  the  illustrations  to  a  discourse 
lie  gave  at  the  Ro3'al  Institution  at  one  of  the  Friday 
evening  meetings,  on  the  17th  February,  1879,  its  title 
being  "On  Studies  in  Acoustics:  a  Synthetic  Examina- 
tion of  Vowel  Sounds."  Another  subject  in  which  Mr,  Stroh 
excelled  was  photography,  and  it  would  be  difficult  to  say 
if  he  most  excelled  in  landscape  work,  in  portraiture,  in 
stcrcoscopy,  or  in  the  production  of  photographs  in  their 
natural  colours,  for  he  was  always  up  to  date  ;  and  the 
apparatus  he  used  was  nearly  alwa3's  designed  and 
constructed  by  himself. 

Besides  being  a  Member  of  the  Institution  he  was  also  a 
Member  of  the  Physical  Society,  of  the  Royal  Institution, 
of  the  Camera  Club,  and  of  the  Societe  Internationale  des 
Electriciens,  and  he  served  on  the  juries  of  awards  at 
several  of  the  international  exhibitions.  He  was  one  of  the 
most  modest  and  retiring  of  men,  and  there  can  be  but 
little  doubt  that  but  for  these  admirable  qualities  he  might 
have  received  the  highest  honours  in  this  and  other 
countries  ;  but  he  was  honoured  and  beloved  by  all  his 
friends,  who  knew  his  worth  and  admired  his  character. 
He  was  one  of  the  central  figures  in  a  little  coterie  which 
used  to  meet  for  their  midday  meal  three  times  a  week, 
first  at  "  The  Horse  Shoe  "  and  more  recently  at  Frascati's. 
This  little  group  of  genial  companions  w.is  composed  of 
the  late  Professor  Hughes,  Mr.  Buckney,  our  late  Secretary, 
Mr.  F.  H.  Webb,  Mr.  Heaviside,  Mr.  Horton,  Professor 
Spooner,  and  Mr.  Conrad  Cooke,  and  was  often  joined  by 
the  late  Sir  William  Preece  and  by  Professor  George 
Forbes.  By  Mr.  Stroh's  death  this  little  society  must 
necessarily  cease  to  exist,  but  his  memory  will  long  be 
cherished  with  affection  by  all  who  had  the  privilege  of 
his  friendship.  He  was  married  to  a  Miss  King,  who  died 
some  years  before  him,  and  he  left  one  son  and  two 
daughters.     He  was  buried  in   Hampstead  Cemetery. 

C.  W.  C. 

WILLIAM  GRIGOR  TAYLOR  was  born  at  Newhills 
in  1847,  and  received  his  early  education  in  Aberdeenshire. 
On  leaving  Aberdeen  University  in  1865  he  came  to 
London,  and  after  doing  clerical  work  for  a  few  years 
obtained  an  appointment  in  1869  with  the  Telegraph 
Construction  &  Maintenance  Company.  Whilst  witli 
that  company  he  took  part  in  several  cable-laying 
expeditions.  In  1873  he  joined  the  Eastern  Telegraph 
Company,  and  in  1875  was  appointed  Superintendent  at 
the  La  Perouse  station,  Sydney,  of  the  Eastern  Extension, 
Australasia,  and  China  Telegraph  Company,  becoming 
General  Manager  at  Singapore  in  1883,  He  held  that 
appointment  until  he  returned  to  England  in  1902.  Shortly 
afterwards  he  went  to  New  York  as  the  representative  of 
the  Eastern  &  Associated  Companies,  Early  in  1914, 
owing  to  ill-health,  he  came  back  to  England,  and  he  died 
at  Bournemouth  on  the  19th  November,  1914,  aged  67 
years.  He  was  elected  an  Associate  of  the  Institution  in 
1872,  and  a  Member  in  1902,  and  was  Local  Honoraiy 
Secretary  for  tlie  Straits  Settlements  from  1902  to  1904, 
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